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An Encyclopmdia of any of the fine arts has, from its nature, considerable 
advantage over one which relates to the sciences generally. In the latter, 
the continual additions made to the common stock of knowledge frequently 
effect such a complete revolution in their bases and superstructure, that 
the established doctrines of centuries may be swept away by the discoveries 
of a single day. The arts, on the othe ..e f-_. ed upon principles 

unsusceptible of change. Fashion may, indeed, — nay, often does, — 'bange 
the prevailing taste of the day, but first princip^ remain the same -id as, 
in a cycle, the planets, after a period of vrat^ 
the places which they occupied ag('s befon 
extravaganza and bizzaria, a reeurren 
It is unfortunate for the productions ol 
who are constituted their judges are lili 
education or habits ; but on tlii.-J, as it 
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for the exercise of his profession ; but\ 
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the author will not consider that he has laboured in vaiiir*« 

An encyclopaedia is necessarily a limited arena for the exhibition of an 
author’s power; for although every ^bject in thedepartifient of which it 
treats jjiust be noticed, none can be discussed so extensively as in a sepa- 
rate work. An attempt to produce a Complete I^dy of Architecture the 
author believes to be entirely original. In his cej^mted work, L’Art de 
Batir, Rondelet has embodied all that relates to tfi^ tfbnstruction of build- 
ings. Durand, too, {Lefom et Precis cC Architecture,) published some 
admirable rules on composition and on the graphic portion of the art. 
Lebrun {Theorie dC Architecture) has treated on the philosophy of the equi- 
librium, if it may be so called, of the orders. The Encyclopedie Me- 
thodiqve contains, under various heads, some invaluable detached essays, 
many of which, however, suffer from want of the illustrative plates which 
were originally projected as an appendage to them. All these, with others 
in the French language, might, indeed, be formed into a valuable text-book 
for the architect ; but no such attempt has hitherto been made. Neither 
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in Germany nor in Italy has any complete work of the kind appeared. In 
the English^ as in other languages, there are doubtless several valuable 
treatises on dilferent branches of the art, though not to the same extent as in 
Frmich. In 1756, Ware (London, folio) published what he called A Complete 
Body of Architecture. This, though in many respects an useful work, is far 
behind the wants of the present day. It is confined exclusively to Rom^ 
and Italian architecture ; but it does not embrace the history even of these 
branches, nor does it contain a word on the sciences connected with con- 
struction. The details, therefore, not being sufficiently carried out, and 
many essential branches being entirely omitted, the work is not so generally 
useful as its name would imply. From these authorities, and many others, 
besides his own resources, the author of this encyclopmdia has endeavoured 
to compress within the limits of one closely-printed volume all the elementary 
knowledge indispensable to the student and amateur ; and he even ventures 
to indulge the belief that it will be found to contain information which the 
experienced professor may have overlooked. 

Though, in form, the whole work pretends to originality, this pretension 
is not advanced for the whole of its substance. Not merely all that has long 
been known, but even the progressive discoveries and improvements of 
modern times, are usually ffi^ ded on facts which themselves have little 
claims to novelty. As a fiMHjterehitecture, though in its applications and 
changes inexhaustible, is in first principles confined within certain 

rinciples and their relation to certain 
S subje<“t \\ hich, it is believed, will be 
icir lives in the study of the art. 
structivi' [)ower of the art is based, the 
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Slsap^^e^^ ™ _ _aiaticr^S ; but, considering the variety of attain- 

ments indispensable to the architectural student, the author was induced to 
shorten and smooth his path as much as possible, by refraining from burden- 
ing his memory with more mathematical knowledge than was absolutely re- 
quisite for his particular art. On this account, also, the instruction in algebra 
is not carried beyond the solution of cubic equations : up to that point it 
was necessary to prepare the learner for a due comprehension of the sue- * 
ceeding inquiries into the method of equilibrating arches and investigating 
the pressures of their different parts. 

In all matters of importance, in which the works of previous writers have 
been used, the sources have been indicated, so that reference to the originals 
may be made. Upon the celebrated work of Rondelet above mentioned, on 
many learned articles in the Encyclopedie Methodique, and on the works of 
Durand and other esteemed authors, large contributions have been levied ; 
but these citations, it will be observed, appear for the first time in an 
English dress. In that part of the work which treats of the doctrine of 
arches, the chief materials, it will be seen, have been borrowed from Ron- 
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delet, whose views the author has adopted in preference to those he himself 
gave to the world many years ago, in a work which passed through several 
editions. Again, in the section on shadows, the author has not used his own 
treatise on Sciography. In the one case, he is not ashamed to confess his 
inferiority in so important a branch of the architect’s studies ; and in the 
^other, he trusts that matured experience has enabled him to treat the subject 
in a form likely to be more extensively useful than that of treading in his 
former steps. 

The sciences of which an architect should be cognisant are enumerated by 
Vitruvius at some length in the opening chapter of his first book. They 
are, perhaps, a little too much swelled, though the Roman in some measure 
qualifies the extent to which he would have them carried. “ For,” he ob- 
serves, “ in such a variety of matters” (the different arts and sciences) “ it 
cannot be supposed that the same person can arrive at excellence in each.” 
And again : “ That architect is sufficiently educated whose general know- 
ledge enables him to give his opinion on any branch when required to do so. 
Those unto whom nature hath been so bountiful that they are at once geo- 
metricians, astronomers, musicians, and skilled in many other arts, go beyond 
what is required by the architect, and may be properly called mathematicians 
in the extended sense of that word.” Pythius, the architect of the temple 
of Minerva at Priene, differed, however, from the Augustan architect, inas- 
much as he considered it absolutely requisite for an architect to have as ac- 
curate a knowledge of all the arts and sciences as is rarely acquired even 
by a professor devoted exclusively to one. 

In a work whose object is to compress within a comparatively restricted 
space so vast a body of information as is implied in an account of what is 
known of historical, theoretical, and practical architecture, it is of the highest 
importance to preserve a distinct and precise arrangement of the subjects, so 
that they may be presented to the reader in consistent order and unity. 
Without order and method, indeed, the work, though filled with a large and 
valuable stock of information, would be but an useless rcass of knowledge. 
In treating the subjects in detail, the alphabet has not been made to per- 
form the function of an index, except in the glossary of the technical terms, 
which partly serves at the same time the purpose of a dictionary, and that 
of an index to the principal subjects noticed in the work. The following 
is a synoptical view of its contents, exhibiting its different parts, and the 
*' mode in which they arise from and are dependent on each other. 

Book I. HISTORY OF ARCHITECTURE, considered in — 

Chap. I. Origiv. 

1. "Wants of Man. 3. Different Sorts of Dwellings 

2. Origin and Progress. arising from different Occu- 

pations of Mankind. 


u. Various Countries. 

1. Druidical and Celtic. 

2. Pelasgic and Cyclopean. 

3. Babylonian. 

4. Persepolitan. 

5. Jewish. 

6. Indian. 

7. Egyptian. 


8. Chinese. 

9. Mexican. 

10. Arabian or Saracenic. 

] 1 . Grecian. 

12. Etruscan. 

13. Roman. 

14. Byzantine and Roinaiifstjue 
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15. Pointed. 

18. German. 

16. Italian. 

19. Spain and Portugal. 

0 17. French. 

20. Russia. 

Chap. m. British Isles. 


1 , British Architecture from an 

6. Elizabethan. 

early Period. 

7. James I. to Anne. 

2. Norman. 

8. George I. 

3. Early English. 

9. George II. ^ 

4, Ornamented English. 

10. George III. ^ 

5. Florid English or Tudor. 


Book II. THEORY OF ARCHITECTURE, founded on knowledge of— 

Chap. 1. CoNSTEUCTlON. 


1. Arithmetic and Algebra. 

7. Mensuration. 

2, Geometry. 

8. Mechanics and Statics. 

3. Practical Geometry. 1 

f 9. Arches: 

4. Plane Trigonometry. J 

'lO. Walls. 

5. Conic Sections. I 

11. Mechanical Carpentry. 

6. Descriptive Geometry. | 


u. Materials. 


1. Stone. 

8. Slates. 

2. Granite. 

9. Bricks and Tiles. 

3. Marble. 

10. Lime, Sand, Water, and Ce- 

4. Timber. 

ment. 

5. Iron. 

1 1 . Glass, 

6. Lead. 

12. Asphalte. 

7. Zinc. 


^ ui. Use or Materials in — 


1. Foundations and Drains. 

8. Glazing. 

2. Bricklaying and Tiling. 

9. Plastering. 

3. Masonry. 

10. Smithery and Ironmongery. 

4. Practical Carpentry. 

11. Foundery. 

5. Joinery. 

12. Painting and Gilding. 

6. Slating. 

IS. Specifications. 

7. Plumbery. 

14. Measuring and estimating. 

IV. Medium of Eepbession bt — 


1 . Drawing in general. 

3. Shadows. 

2. Perspective. 

4. Working Drawings. 

^ III, PRACTICE OF ARCHITECTURE, as a 

fine Art consists in — 

Chap. I. Knowxedge of principal Parts op a Building. — 

1. Beauty in Architecture. 

14. Pilasters. 

2. The Orders. 

15. Caryatides and Persians. » 

3. Tuscan Order. 

1 6. Balustrades and Balusters. 

4. Doric Order. 

17. Pediments. 

5. Ionic Order. 

18. Cornices. 

6. Corinthian Order. 

19. Profiles of Doors. •» 

7. Composite Order. 

20. Windows. 

8. Pedestals. 

21 . Niches and Statues. 

9. Intercolumniatioiis. 

22. Chimney Pieces. 

10. Arcades and Arches. 

23. Staircases. 

1 1 . Orders above Orders 

24. Ceilings. 

12. Arcades above Arcades. 

25. Proportions of Rooms. 

1 3. Basements and Attics. 


IL Combination of Parts by — 


1. General Principles of com 

- 4. Horizontal and Vertical 

position. 

Combinations in Building. 

2. rowings necessary in Com 

5. Subdivisions of Apartments 

position. 

and Points of Support. 

3. Caissons in Hemispherical 6. Combination of Parts in 

and Cylindrical Vaulting. 

leading Forms. 

§ 
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IX 


Chap. III. 


Application of Combination in — 


1. 

General Observations. 

14. 

2. 

Bridges. 

15. 

3. 

Churches. 

16. 

4. 

Palaces. 

17. 

5. 

Government Offices. 

18. 

6. 

Courts of Law. 

19. 

7. 

Town Halls. 

20. 

8. 

Colleges. 

21. 

9. 

Public Libraries. 

22. 

10. 

Museums. 


11. 

Observatories. 

23. 

12, 

Lighthouses. 

24. 

13. 

Abattoirs, or Public Slaughter 
Houses. 



Exchanges. 

Custom Houses. 

Theatres. 

Hospitals. 

Prisons. 

Barracks. 

Private Buildings generally. 
Private Buildings in Towns. 
Private Buildings in the 
Country. 

Farm Houses. 

Cottages. 



Appendix. — Laws relating to Building : Building Act — Chimney-Sweepers 
Act — Dilapidations — Compound Interest Tables and Valuation of Pro- 
perty. 

Glossary, containing also List op principal Architects and their Works, &c. 
Index. 


Perfection is not attainable in human labour, and the errors and defects 
of this work will, doubtless, in due time be pointed out ; but as the subject 
has occupied the author’s mind during a considerable practice, he is inclined 
to think that these will not be very abundant. He can truly say that he has 
bestowed upon it all the care and energy in his power ; and he alone is re- 
sponsible for its errors or defects ; — the only assistance he has to acknow- 
ledge being from his son, Mr. John Sebastian Gwilt, by whom the illustra- 
tive drawings were executed. No apology is offered for its appearance, 
inasmuch as the want of such a book has been felt by every architect ai the 
beginning of his career. Not less is wanted a similar work on Civil En- 
gineering, which the author has pleasure in stating is about to be shortly 
supplied by his friend, Mr. Edward Cresy. 

Without deprecating the anger of the critic, or fearing what may be 
urged against his work, the author now leaves it to its fate. His attempt 
has been for the best, and he says with sincerity. 


“ Si quid novisti rectius istis 

Candidus imperti, si non his utere mecum.” 


J. G. 


Abingdon Street, Westminster, 
SOth September, 1842. 


P.S. — The author begs here to acknowledge the unremitting zeal of the 
printers of this work, and the obligations under which they have laid him by 
their care in its progress through the press. A few unavoidable errors have, 
however, occurred, notwithstanding every care ; and the attention of the 
reader is requested to the “ Errata” for their correction. 
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BOOK I. 

HISTORY OF ARCHITECTURE. 


CHAP. 1. 

ON THE ORIGIN OF ARCHITECTURE. 

Sect. I, 

WANTS OF MAN, AND FIRST BUILDINGS. 

1. Protection from the inclemency of the seasons was the mother of architecture. Of 
little account at its birth, it rose into light and life with the civilisation of mankind ; and, 
proportionately as security, peace, and good order were established, it became, not less than 
its sisters, painting and sculpture, one method of transmitting to posterity the degree of 
importance to which a nation had attained, and the moral value of that nation amongst the 
kingdoms of the earth. If the art, however, be considered strictly in respect of its actual 
utility, its principles are restricted within very narrow limits ; for the mere art, or rather 
science, of construction, has no title to a place among the fine arts. Such is in various 
degrees to be found among people of savage and uncivilised habits ; and until it is brought 

m into a system founded upon certain laws of proportion, and upon rules based on a refined 
analysis of what is suitable in the highest degree to the end proposed, it can pretend to no 
rank of a high class. It is only when a nation has arrived at a certain degree of opulence 
and luxury that architecture can be said to exist in it. Hence it is that architecture, in its 
origin, took the varied forms which have impressed it with such singular differences in 
different countries ; differences which, though modified as each country advanced in civilisa- 
tion, were, in each, so stamped, that the ty^ie was permanent, being refined only in a higher 
degree in their most important examples. 

2. The ages that have elapsed, and the distance by which we are separated from the 
nations among whom the art was first practised, deprive us of the means of examining the 
shades of difference resulting from climate, productions of the soil, the precise spots upon 
which the earliest societies of man were fixc^ with their origin, number, mode of life, and 
social institutions ; all of which influenced them in the selection of one form in preference to 
another. We may, however, e^ily trace in the architecture of nations, the types of three 
distinct states of life, which are clearly discoverable at the present time ; though in some 
cases the types may be thought doubtful, 
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HISTORY OF ARCHITECTURE. 


Bouk I. 


c Sect. II. 

ORIGIN ANIi PKOCaESS OF BUILDING. 

S. The original classes into which mankind were divided were, we may safely assume, 
those of hunters, of shepherds, and of those occupied in agriculture ; and the buildings for 
protection which each would require, must have been characterised by their several occu- 
pations. Tile hunter and fisher found all the accommodation they required in the cle^ 

and caverns of rocks ; and the indolence 
which those states of life induced, made 
them insensible or indifferent to greater 
comfort than such naturally-formed ha- 
bitations afforded. We are certain that 
thus lived such tribes. Jeremiah (chap, 
xlix. 16.), speaking of the judgment 
upon Edom, says. “ O thou that dwellest 
in the clefts of the rock, that boldest the 
height of the hill ; ” a text which of late 
has received ample illustration from tra- 
vellers, and especially from the labours of 
Messrs. Leon de Laborde and Linant, in 
the splendid engravings of the ruins of 
Petra 1.). To the shepherd, the 
inhabitant of the plains wandering from 
one spot to another, as pasture became 
inadequate to the support of his flocks, 
another species of dwelling was more ap- 
propriate ; one which he could remove 
with him in his wanderings : this was the 
tent, the type of the architecture of 
China, whose people were, like all the 
Tartar races, nomades or scenitesj that is, 
shepherds or dwellers in tents. Where a 
portion of the race fixed its abode for 
the purposes of agriculture, a very dif- 
ferent species of dwelling was necessary. Solidity was required as well for the personal 
comfort of the husbandman as for preserving, from one season to another, the fruits of the 
earth, upon which he and his family were to exist. Hence, doubtless, the hut, which most 
authors Have assumed to be the type of Grecian architecture. 

4. Authors, says the writer in the Encyc. Methodiquey in their search after the origin of 
architecture, have generally confined their views to a single type, without considering the 
modification which would be necessary for a mixture of two or more of the states of mankind ; 
for it is evident that any two or three of them may co-exist, a point upon which more will 
be said in speaking of Egyptian architecture. Hence have arisen the most discordant and 
contradictory systems, formed without sufficient acquaintance with the customs of different 
people, their origin, and first state of existence. 

5. The earliest habitations which were constructed after the dispersion of mankind from 
the plains of Sennaar (for there, certainly, as we shall hereafter see, even without the evidence 
of &ripture, was a great multitude gathered together), were, of course, proportioned to 
the means which the spot afforded, and to the nature of the climate to which they were to be 
adapted. Reeds, canes, the branches, bark, and leaves of trees, clay, and similar materials 
would be first used. The first houses of the Egyptians and of the people of Palestine were 
of reeds and canes interwoven. At the present day the same materials serve to form the 
houses of the Peruvians. According to Pliny (1. vii.), the first houses of the Greeks were 
only of clay ; for it was a considerable' time before that nation was acquainted with the 
process of hardening it into bricks. The Abyssinians still build with clay and reeds. 
Wood, however, offers such facilities of construction, tliat still, as of old, where it abounds, 
its adoption prevails. At first, the natural order seems to be that which Vitruvius 
describes in the first chapter of his second book. « The first attempt,” says our author, 
“ was the mere erection of a few spars, united together with twigs, and covered with mud. 
Others built their walls of dried lumps of turf, connected these walls together by means of 
timbers laid across horizontally, and covered the erections with reeds and boughs, for the 
purpose of sheltering themselves from the inclemency of the seasons. Finding, however, 
that flat coverings of this sort would not effectually shelter them in the winter season, they 
made their roofs of two inclined planes, meeting each other in a ridge at the summit, the 
whole of which they covered with clay, and thus carried nff the rain.” The same author 




Chap. I. 


OltIGIN OF AUCHITECXUHE. 


abundance of timber, that 

at such drstance from each other as wii. snitlrCf of Ihlrs^S^ 

connect them. On 
the extreme ends’ 
of these two trees 
are laid two other 
trees, transverse* 
ly : the space 
which the house 
will enclose is thus 
marked out. The 
four sides being 
so set out, towers 
are raised, whose 
walls consist of 
trees laid horizon* 
tally, but kept per- 
pendicularly over 
each other, the al- 
ternate layers yok- 
ing the angles. 

IKMl Ci>N«rHI.4;riON. rpj . . 

‘-"f "r 1 ‘‘•“^nately leave, is filled in with chipsTnd muT 

On a similar principle they form their roofs, except that gradually rediicimr the lena-tb of 
the trees which traverse from angle to angle, they assum! a pyrLidai fonn 'niefarc 
covered with boughs, and thus, after a rude fashion of vaulting, their quadrilateral roofs are 
S'l J Germany, Poland, and liuL still Su rees of this 

xS plL S/o!' I-»i-ana,and elsewhere, in 

6. We shall not, in this place, pursue thig discussion on the timber hut which has 

tvneTof of probability, Been so often said to contain within it [he 

jpes of Grecian architecture, but shall, under riiat head, enlarge further on the subject. 



Sect. III.] 


-h: 


DIFFERENT SORTS OF DWEI. LINGS ARISING FROM DIFFEKKNT OCCUPATIONS. 

7. fhe construction of the early habitations of mankinl required little skill and as little 
knowledge; A very restricted number of tools and macliines was required. The method 
of felling timber, which uncivilised nations still use, namely, by fire, might have served all 
purposes at first, l^e next step would be the shaping of bard and infrangible stones into 
cutting tOTl^ as IS still the practice in some parts of the continent of America, lliese as 
the metals became known, would be supplanted by tools formed of them. Among the 
eruyans, at their invasion by the Spaniards, the only tools in use were the hatchet and 
the adze ; and we may fairly assume that similar tools were the only ones known at a 
period of high antiquity. The saw, nails, the hammer, and other instruments of carpentry 
were unknown, ^e Greeks, who, as Jacob Bryant says, knew nothing of their own 
history, ascribe the invention of the instruments necessary for working materials to Daidalus • 
but only a few of these were known even in the time of Homer, who confines himself to 
the hatchet with two edges, the plane, the auger, and the rule. He particularises neither 
the ^uare, composes, nor saw. Neither the Greek word wpiow (a saw), nor its equivalent, 
“ his works. Daedalus is considered, however, by Goguet as a fabulous person 
altogether, the word meaning, according to him, nothing more than a skilful workman, a 
meaning which, he observes, did not escape the notice of Pausanias. The surmise is borne 
out by the non-mention of so celebrated a character, if he had ever existed, by Homer, and 
aitenvards, by Herodotus. The industry and perseverance of man, however, in the end 
overcame the difficulties of construction. For wood, which was the earliest material at 
ength were substituted bricks, stone, marble, and the like; and edifices were reared of 
unparalleled magnificence and solidity. It seems likely, that bricks would have been in 
for a considerable period before stone was employed in building. They were, probably, 
after moulding, merely subjected to the sun's rays to acquire hardness. I'hese were the 
matenals whereof the Tower of Babel was constructed. These also, at a very remote 
period, were used by the Egyptians. Tiles seem to have been of as high an antiquity as 
bricks, and to have been used, as in the present day, for covering roofs. 

8. The period at which wrought stone was originally used for architectural purposes is 
A B 2 
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quite unknown, as is that in which cement of any kind was first employed as the medium 
of uniting masonry. They were both, doubtless, the invention of that race which we have 
mentioned as cultivators of land, to whom is due the introduction of architecture, properly 
so called. To them solid and durable edifices were necessary as soon as they had fixed 
upon a spot for the settlement of themselves and their families. 

9. Chaldaa, Egypt, Phoenicia, and China are the first countries on record in which 
architecture, worthy the name, made its appearance. They had certainly attained con- 
siderable proficiency in tlie art at a very early period ; though it is doubtful, as respects 
the three first, whether their reputation is not founded rather on the enormous masses erf 
their works, than on beauty and sublimity of form. Strabo mentions many magnificent 
works which he attributes to Semiramis ; and observes that, besides those in Babylonia, 
there were monuments of Babylonian industry throughout Asia. He mentions \6<poi (high 
altars), and strong walls and battlements to various cities, as also subterranean passages of 
communication, aqueducts for the conveyance of water under ground, and passages of great 
length, upwards, by stairs. Bridges are also mentioned by him (lib. xvi.). Moses has pre- 
served the names of three cities in Chaldaea which were founded by Nimrod ( Gen, x. 10.). 
Ashur, we are told, built Nineveh; and (Gen. xix. 4.) as early as the age of Jacob and 
Abraham, towns had been established in Palestine. Tlie Chinese attribute to Fohi the 
encircling of cities and towns with walls ; and in respect of Egypt, there is no question 
that in Homer’s time the celebrated city of Thebes had been long in existence. The 
works in India are of very early date ; and we shall hereafter offer some remarks, when 
speaking of the extraordinary monument of Stonehenge, tending to prove, as Jacob Bryant 
supposes, that the earliest buildings of both nations, as well as those of Phcenicia and other 
countries, were erected by colonies of some great original nation. If the Peruvians and 
Mexicans, without the aid of carriages and horses, without scaffolding, cranes, and other 
machines used in building, without even the use of iron, were enabled to raise monuments 
which are still the wonder of travellers, it would seem that the mechanical arts were not 
indispensable to the progress of architecture ; but it is much more likely that these were 
understood at an exceedingly remote period in Asia, and in so high a degree as to have lent 
their aid in the erection of some of the oendous works to which we have alluded. 

10. The art of working stone, whir Mes the use of iron and a knowledge of the 

method of tempering it, wai ’bur , ^ ^ >sorthus, the successor of Menes. It seems, 

however, possible that the a.. ** ts .X ^^ssion of some secret for preparing bronze 

tools which were capable of act^^ J t. rijl^e that as it may, no country could have 
been called upon earlier than *' S'.<f^e as a material, for the climate does not 

favour the growth of timber ; * . • Y - ' \ granite were thus forced into use ; 

and we know that, besides the fa\. rty '«v . u \ in by means of canals, as early as the time 
of Joseph waggons were in use. •' Gen, ^^Iv. i'\ ^ We shall hereafter investigate the hypo- 
thesis of the architecture of Greeve be'*n/ fo’ '* ’ types of timber buildings, merely 

observing here, by the way, that ma ly of - o co) amns ard entablatures of Egypt had 
existence long before the earliest temples of Or*^l ' 1 thei 'fore that, without recurrence 
to timber construction, prototypes for Grecian e are to be found in the venerable 

remains of Egypt, where it is quite certain wood w] .ot gent»^lly employed as a material, 
and where the subterranean architecture of the coif . .y offers a much more probable origin 
of the style. 


CHAP. 11. 

ARCHITECTURE OF VARIOUS COUNTRIES. 


Sect. I. 

DRUiniCAL AND CELTIC ARCHITECTURE. 

II. If rudeness, want of finish, and the absence of all appearance of art, be criteria for 
judgment on the age of monuments of antiquity, the wonderful remains of Abury and 
Stonehenge must be considered the most ancient that have preserved their form so* as to 
indicate the original plan on which they were constructed. The late Mr. Godfrey Higgins, 
a gentleman of the highest intellectual attmnments, in his work on the Celtic Druids (pub- 
lished 1829), has shown, as we think satisfoctorily, that the Druids of the British Isles were 
a colony of the first race of people, learned, enlightened, and descendants of the persons who 
escaped the deluge on the borders of the Caspian Sea ; that they were the earliest occu- 
piers of Greece, Italy, France, and Britain, and arrived in those places by a route nearly 
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alcH^ Hie pandlel north latitude ; Hiat, in a similar mmmer, colomes advanced 

from Hie same great naticm by a southern line through Asia» peopling Syria and Africa, and 
arriving at hist by sea through Hie Pillars of Hercules at Britain ; tbalf the languages of 
the western world were the same, and that one system of letters — viz. that of the Irish 
Druids — pervaded the whol^ was common to Hie British Isl^ and Gaul, to the inbabituits 

Italy, Greece Syria, ArHiia, I^^ia, and Hindostim ; and that one the two alphabets 
(of the same system) in which the Irish MSSi. are written — viz. the Beth-luU-nion — came 
by Gaul throu^ Britain to Irdand ; and that Hie other. — the Bobelotb — came through the 
Stnuts Gibral^. Ja^b Bryant thinks that the works calUd Cyclopean were executed 
at a renmte ^e by colmiies of smne great original nation ; the only difference between his 
opinion and Hiat ^ Mr. Higgins being, that the latter calls tb«n Ihuids, or Cdts, from the 
time of the disperrimi above alluded to. 

12. The unhewn stones, whose antiquity and purport is the subject of this s^ion, are 
found in Hii^o^n, where they are denominated ^ pandoo koolies,” and are attributed to a 
fabulous bring named Pandoo and his sons. With a rimilarity cff cfaaraotei; attesting thrir 
emnmcrn origin, we find them in India, on the shores of the Levant and Mediterranean, in 
B^inm, D^imark, Sweden and Norway, in France, and on the shores of Britain from the 
Straits of Dover to the Land's End in Cornwall, as wril as in mmiy of the interior parts of 
the country. They are classed as follows : — 1 . The single stone, pillar, or obelisk. 
2. Circles of stones of different number and arrangement. S. Sacrificial stones. 4. Crom- 
lechs and cairns. 5. Logan stones. 6. Tobnen or coleasal stones. 

13. (1.) Single Stones, — Passages abound in Scripture in which the practice of erecting 
single stones is recorded. The re^er on this point may refer to Gen. xxvlii. 18. Judges, 
lx. 6., 1 Sam. vii. 12., 2 5bm. xx. 8., Joshua, xxiv. 27. The single stone might be an 
emblem of the generative power of Nature, and thence an object of idolatry. That meu* 
tioned in the first scriptural reference, which Jacob set up in his journey to visit X^ban his 
uncle, and which he had used for bis pillow, seems, whether from the vision he had while 


sleeping upon it, or from som^ other cause, to have become to him an object of smgular 
veneration ; for he set it up, and poured oil upon it, and called it Bethel ” (the house of 
God), It Is curious to observe that some pillar»'*iHComwall, assumed to have been erected 


by the Phoenicians, still retain the appellati^, At first, these stones were of no 

larger dimension than a man could remove^ ^ir just cited, and that of the 

Gtlgal of Joshua {Josh. iv. 20.); but thatx W- jjjhdcr on oak at Shechem was 

a great stone. And here we may notice jOt '^j^^incidence, that of the Bothel 

in Cornwall being set up in a place whi ^Tpty to an oak which was near the 

spot, was called Bothel-ac; the last ^ for an oak. It appears from 

the ScriptuTiSS that these single ^ J^Hwarious occasions ; sometimes, as 

in the case m Jacob's bethel to commemorate instances of 

divine interpostpon ; sometiraa^»||l^ ^ in the case of Jacob and Laban 

( Gen. xxxi. 48!) ; sometimes/ pH B^K^^fcfcAiitetll-ias sepulchral stones, as in the case of 
Rachel's grave ( Gen. xxxvi.<^||Ep^ ? ftKording to the usuti reckoning. They 

were occasionally, also, of individuals, as in the instance of Absafom's 

pUlar and others. The the patriarchs appear to have been erected in 

honour of the only but wherever the Canaanltes appeared, they s^m 

to have been tlic objtH:l|w idjPMKniR worship, and to have been dedicated to Baal or the 
sun, or the other falscTw^^ Vliose altars Moses ordered the Israelites to destroy. The 
sin^arity of pillars of sin^e st<M» alimist at the opposite sides of the earth, leaves no doubt 
in our mind of their being .Hl|ji|^ork of a people of one common origin widely scattered; 
and the hypotheses of Bryai^ and Higgins sufficiently account for their appearance in 
places so remote from each other. In consequence, says the latter writer, of some cause, no 
matter what, the Hive, after the dispersion, casted and sent forth ite swarms. One of the 
largest descended, according to Genesis (x. 2.), from Gomer, went north, and then west, 
pressed by succeeffing swarms, till it arrived at the shores of the Atlantic Ocean, and ulti- 
mately colonised Brittin. Another branch, observes the same author, proceeded through 
S^matia souHiward to the Euxine (Cimmerian Bosphorus) ; another to Italy, founding 
the states of the Umbrii and the Cimmerii, at Cuma, near Naples. Till the time of the 
Romans these difforent lines of march, like so many sheepwalks,' were without any walled 
riities. Some of the oii^nal tribe found their way into Greece, and between the Carpathian 
mountmns and the Alps into Gaul, scattering a few strag^ers as they passed into the 
b^uitifiil valteys of the latter, where traces of them in Druidical monuments and language 
are oceHticHiaUy found. Wherever they settled, if the conjecture is correct, they employed 
HiCTiselves in recovering the lost arts of their ancestors. 

14. To Hie Canaanites of Tyre and Sidon may be chiefly attributed the introduction of 
these primeval wmks into Britain. The Tyrians, inhabiting a small slip of barren land, 
were essentially and necessarily a commercial people, and became the most expert and 
adventurous sailors of antiquity. It has been suppo^ that the constancy of the needle to 
the ^^Mjjl^at path which no fowl knoweth, and which the vulture's eye hath not seen," 
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was known to the Tyrians ; and, indeed, it seems scarcely possible that, by the help of the 
stars alone, they should have been able to maintain a commerce for tin on the shores of 
Britain, whose TA3stern coast furnished that metal in abundance, and whose islands (the 

Scilly) were known by the title of Cassiterides, or tin 
islands. In this part of Britain there seems unquestion- 
able evidence that they .settled a colony, and were the 
architects of Stonehenge, Abury, and other similar works 
in tne British islands. In these they might have been 
assisted by that part of the swarm which reached oir.* 
shores through Gaul ; or it is possible that the works in 
question may be those of the latter only, of whom traces 
exist iu Britany at the monument of Carnac, whereof 
it is computed 4000 stones still remain. From among 
the number of pillars of this kind still to be seen in 
Finland, we give {Jig. 3.) that standing at Rudstone, in 
the east riding of Yorkshire. It is described by Drake, 
in his EboracuTHy as ^ coarse Tag stone or millstone grit, 
and its weight is computed at between 40 and 50 tons. 
In form (the sides being slightly concave) it approaches 
to an ellipse on the plan, the breadth being 5 & 10 in., 
and the thickne^ 2 ft. 3 in., in its general dimensions. 
Its height is 24 ft. ; and, according to a brief account 
communicated to the late Mr. Pegge, in the year 1769 
(ArchiBologia, vol. v. p. 95.), its depth underground equals its height above, as appeared from 
an experiment made by the late Sir William Strickland.** 

15. (2.) Circles of Stone. — The Israelites were in the habit of arranging stones to repre- 

sent the twelve tribes of Israel {Exod. xxiv. 4.), and for another purpose. {Deut. xxvU. 2.) 
And in a circular form we find them set up by J(»bua*s order on the passage of the Israelites 
through Jordan to Gilgal (bs)}); ^ word in which the racfical Gal or Gil (signifying a 
wheel) is doubled to denote the contipiied repetition of the action. In this last case, Joshua 
made the arrangement a type of the h»d away their reproach from them. 

16. Though traces of thi^ipeeies <^Li||iPl^ent are found in various parts of the world, 

even in America, we shall tt^ne oi# ^s^^tions to those of Abury and Stonehenge, 
merely referring, by way of the places where they are to be found. Thus 

we mention Rolbrich in Oxfordsl||||||^{d^ier5 in Cornwall, Long Meg and her daughters 
in Cumberland, remains in IK^muildre, Dorsetshire, at Stanton Drew in 

Somersetshire, and in We<:tmore1H[^|^rae|^ are common in Wales, and are found in the 
Western Isles. There are oxairmh's ^Hiccland, Norway, Sweden, I)i‘ninark, and various 
parts of Germany. Clarke, in lii$ <lescription of the hill of Kiishunlu L'vpe in the Troad, 
observes, that all the way up, t!u‘ trnce.s of fornicT'ldprks inav he nor>c<‘<i. ;md that, on the 
summit, there is a small oblong area, six yards two broad, exhibit ing vestiges of the 

highest antiquity; the stones forming the inctosure bf>M^feiruiic as those of Tiryns in 
Argolis, and encircled by a groxe <»f oaks eovcTing teyWWte eonieal mountain. The 
entrance is from the south. Upon the east and xvea^H^iid^.elraic trees, are stones ranging 
like what we in England call Druidieal eircles, ^Hiree^ circles of stones are known in 
Amerma, one of which sUimL upon a high r<K*k on the banks of the rixer Winnipigon. 
The stupendous monument of Carnac in Britany, of which we have above made mention, 
is not oi a circular form ; the stones there being arranged in eleven straight lines, from 
so to 33 ft. apart, some of which are of enormous size. They are said to have formerly 
extended three leagues along the coast. A description of this monument is given in vol. xxii. 
oi the Archceologia. 

17. Abury, or Avebury, in Wiltshire, of which we give a view in a restored state 
4.), is a specimen of this species of building, in which the climax of magnificence 

was attained. Stukely, who examined the ruins when in much better preservation than at 
present, says, “ that the whole figure represented a snake transmitted through a circle ; ** 
and that, “ to make their representation more natural, they artfully carried it over a variety 
of elevatioi^ and depressions, which, with the curvature of the avenues, produces sufficiently 
the desbed effect. To make it still more elegant and picture-like, the head of the snake is 
carried up the southern promontory of Hackpen Hill, towards the village of West Kennet ; 
nay, the very name of the hill is derived from this circumstance ; ** for acan, he observes, sig- 
nifies a serpent in the Chaldaic language. Dr. S. then goes on to state, “ that the dracontia 
was a name, amon^t the first-learned nations, for the very ancient sort of temples of which 
they could give no amount, nor well explain their meaning upon it.** The figure of the 
s^pent extended two miles in length ; and but a very &int idea can now be formed of what 
it was in its original state. Two double circles, one to the north and the other to the 
south of the centre, were placed within the large circle, which formed the principal body of 
the serpent, and from which branched out the head to Hackpen Hill, in the ffibection of 
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Stoues. 

The great circle . . 100 

Outer circle north of the centre 30 
Inner ^tto . . .12 

Outer circle, south . . 30 

Inner ditto . . .12 

Coreandaltar8tooe,northclrcle 4 


Stones. 

Central pillar and altar, south I 


circle . , .2 

Sennet arenue • . 200 

Beckbampton avenue . 200 

Outer circle of Hackpen » 40 
Inner ditto . . .18 


Stones. 

Long stone. Cove jambs . 2 

A stone be calls the ring stone . 1 

Closing stone of the tail . 1 

Total . . . .052 


Of these, only seventy^six stones remained in the Komet avenue in 1722. The large 
circle was enclosed by a trench or vallum upwards of 5011. in depth and between 60 and 

70 ft. in width, leaving entrances 
open where the avenues intersected 
it. The colossal mound, called 
Silbury hill,” close to the Bath 
road, was probably connected in 
some way with the circle we have 
described, from the circumstance of 
the Roman road to Bath, made long 
afterwards, being diverted to avoi^ 
it. Dr. Owen thinks that the Abury 
circle was one of three primary cir- 
cles in Great Britain, and that SiU 
bury hill was the pile of Cy vrangon 
(heaping) characterised in the 14tb 
Welsh triad; but the conjecture 
affords us no assistance in determin- 
ing the people by whom the monu- 
ment was raised. If it be in its 
arrangement intended to represent 
a serpent, it becomes immediately 
connected with ophiolatry, or ser- 
pent worship, a sin which beset the 
Israelites, and which would stamp 
\ it as proceeding from the central 
N stamen of the bypoth^is on which 
Mr. Higgins sets out. See Observ- 
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ations on Dracontia, by the Rev. John Bathurst Deane, Ardueol. vol. xxv. 

“ ^oliam Pitanen a laeva parte relinquit, 

Factaque de saxo long! simulacra Draconis,” 

which is a picturesque description of Abury. 

18. Stonehenge, on Salisbury Plain, about seven miles from Salisbury and two miles 

B 4 
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to the west of Ambresbury, is certainly more artificial in its structure than Abury, and its 
construction may therefore be safely referred to a later date. Fig. 5. is a restored plan of 
this wonder of the west, as it may well be called. The larger circle is 105 feet in diameter, 
tmd between it and the interior smaller circle is a space of about 9 feet. Within this smaller 
circle, which is half the height (8 feet) of the exterior one, was a portion of an ellipsis 
formed by 5 groups of stones, to which Dr. Stukely has given the name of trilithons, 
because formed by two vertical and one horizontal stone: the former are from 17 to 18^ 
feet high, the middle trilithon being the highest. Within this ellipsis is another of single 
stones, half the height of the trilithons. The outer circle was crowned with a course ot 
stones similar to an architrave or epistylium, the stones whereof were let into or Joggled 
with one another by means of egg-shaped tenons formed out of the vertical blocks. The 
ellipsis was connected in a similar manner. Within the inner elliptical enclosure was a 
block 1 6 ft. long, 4 ft. broad, and 20 in. thick. This has usually been called the altar 
stone. Round the larger circle, at the distance of 100 ft., a vallum was formed about 52 ft. 
in width, so that the external dimension of the work was a diameter of 420 ft. The vallum 
surrounding these sacred places seems to have been borrowed by the Canaanites in imitation 
of the enclosure with which Moses surrounded Mount Sinai, in order to prevent the multi- 
tude from approaching too near the sacred mysteries. The number of stones composing 
this monument is variously given. In the subjoined account we follow Dr. Stukely : 


Stones. 


Great circle, vertical stones . 30 

Epistylia . ... 30 

Inner circle .... 40 

Verticil stones of outer ellipsis . 10 

EpiH>lia to them ... 5 

Inner elhp»ia .... 19 

Altar ..... 1 


Stones within vallam ... 2 

A large table stone . . . l 

Distant pillar .... 1 

Another stone, supposed to have been 
opposite the entrance . . 1 

Total . . . .140 


Northwards from Stonehenge, at the distance of a few hundred yards, is a large single stone, 
which, at the period of its being placed there, has been by some thought to have marked 
a meridian line from the centre of the circle. 

19. Fig. 6. is a view of the present state of this interesting ruin from the west Mr. 



6. STONZBEKCB. 


Cunnington, in a letter to Mr. Higgins, gives the following account of the stones which 
remain of the monument : — “ The stones on the outside of the work, those comprising the 
outward circle as well as the large (five) trilithons, are all of that species of stone called 
^garsen* found in the neighbourhe^ ; whereas the inner circle of small upright stones, 
and those of the interior oval, are composed of granite, homstone, &c., most probably pro- 
cured from some part of Devonshire or Cornwall, as 1 know not where such stones could 
be procured at a nearer distance.” 

20. Authors have in Stonehenge discovered an instrument of astronomy, and among them 

Maurice, whose view as to its founders coincides with those of the writers already cited, and 
witli our own. We give no opinion on this point, but shall conclude the section by placing 
before the reader the substance of M. Bailly’s notion thereon, recommending him to consult, 
in that respect, authorities better than we profess to be, and here expressing our own belief 
that the priests of ancient Britain were priests of Baal ; and that the monument^ the 
subjects of this section, were in existence long before the Greeks, as a nation, were known, 
albrit they did derive the word Druid from 8pvs (an oak), and said that they themselves 
were (sprung from the earth). 

21. M. Bailly says, on the origin of the sciences in Asia, that a nation possessed of 
profound wisdom, of elevated genius, and of an antiquity &r superior to the Egyptians or 
Indians, immediately after the flood inhabited the countiy to the north of Indm, between 
the latitudes of 40° and 50°, or about 50° north. He contends that some of the most 
celebrated observatories and inventions relating to astronomy, from their peculiar character, 
could have taken place only in those latitudes, and that arts and improvements gradually 
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travelled thence to the equator. The people to whom his description is most applicable is 
the northern progeny of Brahmins, settled neap the Imaus and in Northern Thibet. We 
add, that Mr. Hastings informed Maurice of an immemorial tradition that prevailed at 
Benares, which was itself, in modern times, the grand emporium of Indian learning, — that 
all that of India came from a country situate in 40^ of N. latitude. On this Maurice says, 
‘‘ This is the latitude of Samarcand, the metropolis of Tartary ; and, by this circumstance, 
the position of M. Bailly should seem to be confirmed. This is the country where, according 
to the testimony of Josephus and other historians cited by the learned Abbe Pezron, are to 
bd^found the first Celtae, by whom all the temples and caves of India were made. Higgins 
observes on this, that the worship of the Mithrmtic bull existed in India, Persia, Greece, 
Italy, and Britain, and that the religion of the Druids, Magi, and Brahmins was the same. 

22. (3.) Sacrificial Stones These have been confounded with the cromlech, but the 

difference between them is wide. They are simple stones, either encircled by a shallow 
trench (vallum) and bank (agger), or by a few stones. Upon these almost all authors 
concur in believing that human immolation was practised ; indeed, the name blod, or 
blood-stones, which they bear in the north of Europe, seems to point to their infernal use. 
We do not think it necessary to pursue further inquiry into them, as they present no 
remarkable nor interesting features. 

23. (4. ) Cromlechs and Cairns. — The former of these seem to stand in the same relation 
to the large circles that the modern cell does to the conventual church of the Catholics. 
They consist of two or more sides, or vertical stones, and sometimes a back stone, the whole 
being covered with one not usually placed exactly horizontal, but rather in an inclining 


wards,and supporting the fourth, 
t'yj. 7 . Kousir which lies transversely over 

them, so as to leave an open recess beneath. The dimensions and computed weights of these 




stones are as follows: — height of that on the south side 8 ft., breadth 7^ R., thickness 2 ft., 
weight 8 tons ; height of that on the north side 7 ft., breadth 7^1t., thickness 2ft., 
weight 8^ tons. The middle stone is very irregular ; its medium length as well as breadth 
may be about 5 ft., its thickness about 1 ft. 2 in., and its weight about 2 tons. The upper 


stone or impost is also extremely irregular; its greatest length is nearly 12ft., and its 
breadth about 9^ ft.; its thickness is 2 ft., and its weight about lOj tons : the width of the 
recess at bottom is 9 ft., and at top 7^ ft, ; from the ground to the upper side of the covering 


stone is 9 ft. These stones are of the kind called Kentish rag. Many years ago there was 
a single stone of a similar kind and size to those forming the cromlech, about 70 yards to 
the north-west : this, which is thought to have once stood upright, like a pillar, has been 
broken into pieces and carried away.” Another cromlech stood in the neighbourhood, 
which has been thrown down. The nonsense that has been gravely written upon this 
and similar monuments is scarcely worth mention. It will hardly be believed that there 
• existed people who thought it was the sepulchral monument of king Catigern, from similarity 
of name, and others who consider it the grave of the Saxon chief, Horsa, from its proximity 
to Horsted. Cromlechs are found in situations remote indeed, a specimen being seated on 
the Malabar coast ; and in the British isles they are so numerous, that we do not think 


it necessary to give a list of them. 

24. ITie cairn or earn which we have in this section coupled with the cromlech, perhaps 
improperly, is a conical heap of Icose stones. Whether its etymology be that of Rowland, 
from the words (kern-ned), a coped heap, we shall, from too little skill in Hebrew, 

not venture to decide ; so we do not feel quite sure that, as has been asserted, they were raised 
over the bodies of deceased heroes and chieftains. Our notion rather inclines to their 


having been a species of altar, though the heap of stones to which Jacob gave the name of 
Galeed, if it were of this species, was rather a memorial of the agreement between him 
and Laban. It can scarcely be called an architectural work ; but we should have considered 
our notice of the earlier monuments of antiquity incomplete without naming the cairn. 

25. (5. ) Logan or Rocking Stones These were large blocks poised so nicely on the 

points of rocks, that a small force applied to them produced oscillation. The weight of the 
celebrated one in Cornwall, which is granite, has been computed at upwards of 90 tons. 
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nie use of these stones has been conjectured to be that of testing the innocence of persons 
accused of crime, the rocking of the stone being certain, unless wedged up by the judge of 
the tribunal, in cases where he knew the guilt of the criminal : but we think that such a 
purpose is highly improbable. , « • i» 

26. (6. ) Tolmen or Colossal Stones. — The Tolmen, or hole of stone, is a stone of 

considerable magnitude, so disposed upon 
rocks as to leave an opening between 
them, through which an object could be 
passed. It is the general opinion in Coi^- 
wall that invalid were cured of their 
diseases by being passed through the 
opening above mentioned. “ The most 
stupendous monument of this kind^’ (see 
yiff. 8. ) says Borlase, “ is in the tenement 
of Men, in the parish of Constantine, in 
Cornwall; it is one great oval pebble, 
placed on the points of two natural rocks, 
so that a man may creep under the great 
one, between the supporters, through a 
passage of about three feet wide, by as much high. The longest diameter of this stone is 
83 ft., being in a direction due north and south. Its height, measured perpendicularly over 
the opening is, 14 ft. 6 in., and the breadth, in the widest part, 18 ft. 6 in., extending from 
east to west. I measured one half of the circumference, and found it, according to my 
computation, 48 J ft., so that this stone is 97 ft. in circumference, lengthwise, and about 
6P ft. in ^rt, measured at the middle ; and, by the best information, it contuns about 
750 tons.” We close this section by the expression of our belief that the extraordinary 
monuments whereof we have been speaking are of an age as remote as, if not more so 
than, the pyramids of Egypt, and that they were the works of a colony of the great 
nation that was at the earliest period settled in central Asia, either through the swarm 
that passed north-west over Germany, or south-west through Phcenicia; for, on either 
route, but rather, perhaps, the latter, traces of gigantic works remain, to attest the wonderful 
powers of the people of whom they are the remains. 
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Sect. II. 

PELASGIC OR CTCLOPEAM ARCHITECTURE. 

27. Pelasgic or Cyclopean architecture, (for that as well as the architecture of Phoenicia, 
seems to have been the work of branches of an original similarly thinking nation) pre- 
sents for the notice of the reader, little more than massive walls composed of huge pieces of 
rock, scarcely more than piled together without the connecting medium of cement of any 
species. The method of its construction, considered as masonry, to the eye of the architect 
is quite sufficient to connect it with what we have in the preceding section called Druidical 
or Celtic architecture. It is next to impossible to believe that all these species were not 
executed by the same people. The nature and principles of Egyptian art were the same, 
but the specimens of it which remain bear marks of being of later date, the pyramids only 
excepted. The Greek fables about the Cyclopeans have been sufficiently exposed by Jacob 
Bryant, who has shown that the Greeks knew nothing about their own early history. 
Herodotus (lib. v. cap. 6.) alludes to them under the name of Cadmians, saying they were 
particularly famous for their architecture, which he says they introduced into Greece ; and • 
wherever they came, erected noble structures remarkable for their height and beauty. These 
were dedicated to the Sun under the names of Elorus and Pelorus. Hence every thing 
great and stupendous was called Felorian ; and, transferring the ideas of the works to the 
founders, they made them a race of giants. Homer says of Polyphemus, — 

K«i iTtruxr* auit syxu 

Ayift yt fiT^ipxyw, xXXx ukviit^Tt. 

Virgil, too, describes him “ Ipse arduus, alta pulsat sidera.” Famous as lighthouse builders, 
wherein a round casement in the upper story afforded light to the mariner, the Greeks 
turned this into a single eye in the forehead of the race, and thus made them a set of mon- 
sters. Of the race were Trophonius and his brother Agamedes, who, according to Pau- 
sanias (lib. ix.) contrived the temple at Delphi and the Treasury constructed to Urius. So 
great was the fame for building of the Cyclopeans that, when the Sybil in Virgil shows 
iEneas the place of torment in the shades below, the poet separates it from the regions of 
bliss by a Cyclopean wall : — 

Cyclopum educta caminis 

Momia conspicio.’* Mn. lib vi. v.63f). 
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28. The walls of the city of Mycene are of the class denominated Cyclopean, thus de- 
nounced for ruin by Hercules in Seneca : — 

“ Quid moror ? majus mihi 

Bellum Mycenis restat, ut Cjclopea 

Eversa manibus mcenia nostris coDcidant.** Uerctdes FurenSy act. 4. v. 996. 

29. The gate of the city and the chief tower were particularly ascribed to them(Pausanias, 
lib. ii. ) Argos had also the reputation of being Cyclopean. But, to return to Mycene, 
Euripides, we should observe, speaks of its walls as being built after the Phoenician rule 
ana method ; — 

tts T* 

ftitixf xaroti xat tvx^ Hercules FurenSt t.944. 





30. Fig. 9. is a representation of a portion of the postern gate of the walls of Mycene, 

for the purpose of exhibiting to the reader the cha- 
racter of the masonry employed in it. 

31. The walls of Tiryns, probably more ancient 
than those we have just named, are celebrated by 
Homer in the words Tipvvda Teixio^a-cav, and are said 
by Apollodorus and Strabo to have been built by 
workmen whom Pratus brought from Lycia. The 
words of Strabo are, TipvvOi 6p,UTyn}pt<p xpi\(Ta<sQQ.i Sok€i 
UpoiToSf KOI Tet^icai 5ta Ku«\aj7ra)i/* ous eirra /xiv eivaiy 
Ka\€i<r6ai 5e Tcurr^pox^^pO’S, rpeipo/ievovs €K ttjs Tfx*'V^» 
Prcetus appears to have used Tiryns as a harbour, and 
to have walled it by the. assistance of the Cyclops, who 
were seven in number, and called Gastrocheirs (belly- 
handed), living by their labour. “ These seven Cy- 
clops,” says Jacob Bryant, “ were, I make no doubt, 
seven Cyclopean towers built by the people.” Further 
on, he adds, “ These towers were erected likewise 
for Purait, or Puratheia, where the rites of fire were 
performed : but Purait, or Puraitus, the Greeks 
Fig. 9. paVt OF THE wAii.h MitBNB. changcd to Prsetus; and gave out that the towers 
were built for Pratus, whom they made a king of that country.” The same author says 
that the Cyelopeans worshipped the sun under the symbol of a serpent ; thus again 
r connecting them with the builders of Abury 

-- noticed in page 6. Fig. 10. is a view of 

some portions of the walls of Tiryns, and 
for others we refer the reader to the Travels 
in Albania, by the Rev. Mr. Hughes. 

32. Mr. Hamilton (Archaologia) divides 
the specimens of Cyclopean buildings into 
four £eras. In the first he includes Tiryns 
and Mycene, where the blocks composing 
the masonry are of various sizes, having or 
having had smaller stones in their inter- 
stices. Second, as at Julis and Delphi, 
m^onry without courses, formed of irre- 
gular polygonal stones, whose sides fit to 
each other. Third, that in which the stones 
are laid in courses of the same height, but 
unequal in length of stones ; of this species 
are specimens in Boeotia, Argolis, and the 
Phocian cities. Fourth and last, that in 
which the stones are of various heights, and 
always rectangular, whereof examples are 
found in Attica. It must here be observed 
that, in the Etrurian part of Italy, Cyclo- 
pean works exist, particularly of those which 

^ Mr. Hamilton places in the second aera ; as 

Fig. 10. PART OF THE Wiins w riKVNs. at Norba in Latium, Cora, Sigma, and Ala- 

trium ; in the three last whereof the walls resemble those of Tiryns, Argos, and Mycene ; 
and at Fiesole, Arezzo, and other places. 

33. We shall now return to some further particulars in relation to Tiryns and Mycene, 
from which a more distinct notion of these fortresses will be obtained ; but further investi- 
gation of those in Italy will hereafter be necessary, under the section on Etruscan architecture. 
'Hie Acropolis of Tiryns, a little to the south-east of Argos, is on a mount rising about fifty 
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feet above the level of the plain, the foundations of its inclosure being still perfect and 
traceable, as in the annexed figure (Jig. 11.). The ancient city is thought to have sur- 





lx. OAIXMHV. 


rounded the fortress, and that formerly the city was nearer the sea than at present. Bryant, 
with his usual ingenuity, has found in its general form a type of the long ship of Danaus, 
which, we confess, our imagination is not lively enough to detect. On the east of the 
fortress are quarries, which lurnish stone similar to that whereof it is built. It had entrances 
from the east and the west, and one at the south-eastern angle. That on the east, lettered A, 
is pretty fairly preserved, and is approached by an inclined access, B, 15 ft. wide, along 
the eastern and southern sides of the tower, C, which is 20 ft. square and 40 ft. high, 
passing, at the end of the last named side, under a gateway, composed of very large blocks 
of stone, that which forms the architrave being 10 ft. long, and over which, from the frag- 
ments lying on the spot, it is conjectured that a triangular stone was placed ; but thereon 
is no appearance of sculpture. D is the present entrance. The general thickness of the 
walls is 25 ft., and they are formed by three parallel ranks of stones 5 ft. thick, thus leaving 
two ranges of galleries each 5 ft. wide and 12ft. high. The sides of the 
1 galleries are formed by two courses of stone, and the roof by two other 
^ horizontal courses, sailing over so as to meet at their summit, and some- 
what resembling a pointed arch. See j'fp. II. That part of the gallery, 

• 12., now uncovered, is about 90 ft. long, and has six openings or 

recesses towards the east, one whereof seems to have afforded a communi- 
cation with some exterior building, of whose foundation traces are still 
in existence. The interval between these openings varies from 10 ft. 6 in. 
to 9 ft. 8 in. ; the openings themselves being from 5 ft. 6 in. to 4 ft. 10 in. 
wide. It is probable that th^e galleries extended all round the citadel, 
though now only accessible where the walls are least perfect, at the southern part of 
the inclosure. There are no remains of the south-eastern portal. It appears to have been 
connected with the eastern gate by an avenue enclosed between the outer and inner curtain, 
of which avenue the use is not known. Similar avenues have been found at Argos and 
other ancient cities in Greece. The northern point of the hill is least elevated, and smaller 
ston^ have been employed in its wall. The exterior walls are built of rough stones, some 
of which are 9 ft. 4 in. in length and 4 ft. thick, their common size being somewhat less * 
When entire, the wall must have been 60 ft. high, and on the eastern side has been entirely 
destroyed. The whole length of the citadel is about 660 ft., and the breadth about,^80 ft., 
the walls being straight without regard to inequality of level in the rock. 

34. The Acropolis of Mycene was probably constructed in an age nearly the same as 
that of Tiryns. Pausanias mentions a gate on which two lions were sculptured, to which 
the name of the Gate of the Lions has been given (Jig, 13.) These are still in their 
original position. It is situate at the end of a recess about 50 ft. long, commanded by pro- 
jections of the walls, which are here formed of huge blocks of square stones, many placed 
on each other without breaking joint, which circumstance gives it a very inartificial appear- 
ance. The epistylium of the gate is a single stone 15ft. long and 4 ft. 4 in. high. To 
the south of the gate above mentioned the wall is much ruined. In one part something 
like a tower is discernible, whose walls, being perpendicular while the curtain inclines a 
little inward from its base, a projection remmned at the top by which an archer could defend 
the wall below. The blocks of the superstructure are of great size, those of the sub- 
structure much smaller. The gates excepted, the wliole citadel is built of rough masses of 
rock, nicely adjusted and fitted to each other, though the smaller stones with which the 
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interstices were filled have mostly disappeared. The southern ramparts of the citadel and 
all the other walls follow the natural irregularity of the precipice on which they stand. At 

its eastern point it is attached by 
a narrow isthmus to the mountain. 
It is a long irregular triangle, 
standing nearly east and west. 
The walls are mostly of well- 
jointed polygonal stones, although 
the rough construction occasionally 
appears. The general thickness of 
the walls is 21 ft., in some places 
25 ; their present height, in the 
. most perfect part, is 43 ft. There 
are, in some places, very slight 
projections from the walls, resem- 
bling towers, whereof the most 
perfect one is at the south-east 
angle, its breadth being 33 ft. and 
its height 43 ft. The size of the 
block whereon the lions are sculp- 
tured is lift, broad at the base, 
9 ft. high, and about 2 ft. thick, 
of a triangular form suited to the 
This block, in its appearance, resembles the green basalt of 
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recess made for its reception. 

Egypt- 

35. In this place we think it proper to notice a building at Mycene, which has been 
called by some the Treasury of Atreus, or the tomb of his son Agamemnon mentioned by 
Pausanias. This building at first misled some authors into 
a belief that the use of the arch was known in Greece at a 
very early period ^ but examination of it shows that it was 
formed by horizbntp! courses, projecting beyond each other as 
they rose, b^f radiating joints or beds, and that the sur- 



Fig. 14. TKKASUaT OV ATKBUa. 



rdy formed so as to give the whole the ap- 
ie^ed dome, by cutting away the lower angles 
i^ probably the most ancient of buildings in 


face was 
pearance of 
(Jiff. 14.). 

Greece ; and it is a curious circumstance that at New Grange, near Drogheda, in Ire- 
land, there is a monument whose form, constru4l|on, and plan of access resemble it so 
strongly that it is impossible to consider their similarity the result of accident. A repre- 
sentation of this may be seen in the work by Mr. Hig- 
gins which we have so often quoted, and will, we think, 
satisfy the reader of the great probability of the hypothesis 
hereinbefore assumed having all the appearance of truth. 
By the subjoined plan (Jfp. 15.) it will be seen that a 
space 20 ft. widq, between the two walls, conducts us to 
the entrance, which is 9 ft. 6 in. at the base, 7 ft. 10 in. at 
the top, and about 19ft. high. The entrance p^sage is 
IS ft. long and leads to the main chamber, which, in its 
general form, has some resemblance to a bee-hive, whose 
diameter is about 48 ft. and height about 49. 16 ) 

The blocks are placed in courses as above shown, 34 courses 
being at present visible. They are laid with the greatest 
precision, without cement, and are unequal in size. Their 
Fig. O, oi average height may be taken at 2 ft., though to a spectator 

on the floor, from the effect of the perspective, they appear to diminish very much towards 
the vertex. This monument has a second chamber, to which you enter on the right from the 
larger one just described. This is about 27 ft. by 20, and 19ft. high ; but its walls, from the 
obstruction of the earth, are not visible. The doorway to it is 9^ ft. high, 4 ft. 7 in. wide 
at the base, and 4 ft. 3 in. at the top. Similar to the larger or principal doorway, it has a 
triangular opening over its lintel. The stones which fitted into these triangular openings 
were of enormous dimensions, for the height of that over the principal entrance is 12 ft., 
and its breadth 7 ft. 8 in. The vault has been either lined with metal or ornamented with 
some sort of decorations, inasmuch as a number of bronze nmis are found fixed in the stones 
up to the summit. The lintel of the door consists of two pieces of stone, the largest whereof 
is 27 ft long, 17 ft. wide, and 3 ft. 9 in. thick, calculated, therefore, at 133 tons weight ; a 
mass which can be compared with none ever used in building, except those at Balbec and 
in Egypt The other lintel is of the same height and probably ( its ends are hidden) of 
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the same length as the 6rst. Its breadth, however, is only one foot Its exterior has two 
parallel mouldings, which are continued down the jambs of the doorway. 


^V' V . \ ' 
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CHAU. ^ ATMua. 

ae. The stone employed is of the hat ®#ful breccia, of wljich the neighbouring 

rocks, and the contiguous Mount Eubort It is the hardest and compactest breccia 

V ' which Greece produces, resembling the 

antique marble called Breccia Tracag- 
antica, sometimes found among the 
r^.i^s jf Rome. Near the gate lie some 
masses of rosso antico decorated with 
guilloche-like and zigzag ornaments, 
and a columnar base of a Persian cha- 
racter. Some have supposed that these 
belonged to the decorations of the door- 
way ; but we are of a different opinion, 
inasmuch as they destroy its grand cha- 
racter. We think if this were the tomb 
of Agamemnon, they were much more 
likely to have been a part of the shrine 
in which the body or ashes were de- 
posited. 

37. It is conjectured that the trea-r 
sury of Minyas king of Orchomenus, 
whereof Pausanias speaks, bore a re- 
semblance to the building we have just 
described ; and it is very probable that 
.all the subterranean chambers of Greece, 
Italy, and Sicily were very similarly 
constructed. Fig. 17. represents the 
entrance to the building from the out- 
side. As the architecture of the early 
races whereof we have been speaking 
will be further discussed in investi- 
... . gating other monuments, we do not 

tiiink It necessary to enlarge further in this place on what we have termed Pelasgtc 
or Cyclopean architecture. ° 
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38. The name prefixed to this section must not induce the reader to suppose we shall 
be able to afford him much instruction on this interesting subject. The materials are 
scanty; the monuments, though once stupendous, still more so. “ If ever,” says Keith, in 
his Evidence of the Truth of the Christian Religion^ “ there was a city that seemed to bid 
finance to any predictions of its fall, that city was Babylon. It was for a long time the 
most famous city in the Old World. Its walls, which were reckoned among the wonders of 
the world, appeared rather like the bulwarks of nature than the workmanship of man.” 
The city of Babylon is thus described by ancient writers. It was situated in a plain of 
vast extent, and divided into two parts by the river Euphrates, which was of considerable 
width at the spot. The two divisions of the city were connected by a massive bridge of 
masonry strongly connected with iron and lead ; and the embankments to prevent inroads 
of the river were formed of the same durable materials as the walls of the city. Herodotus 
says that the city itself was a perfect square enclosed by a wall 480 furlongs in circum- 
ference, which would make it eight times the size of London. It is said to have had num- 
bers of houses three or four stories in height, and to have been regularly divided into 
streets running parallel with each other, and cross ones opening to the river. It was sur- 
rounded by a wide and deep trench, from the earth whereof, when excavated, square bricks 
were formed and baked in a furnace. With these, cemented together through the medium 
of heated bitumen intermixed with reeds to biiu. ogether the viscid mass, the sides of the 
trendies were lined, and with the same materia le vast walls above mentioned were con- 
structed. At certain intervals watch-towers.' placed, and the city was entered by 
100 gates of brass. In the centre of eac* principal divisions of the city a stupen- 
dous public monument was erected. } ■ ’ Rennel thinks that on the eastern side ) 

stood the temple of Belus ; in the oth^ 


palace. Tlie former was ^ square 
tower erected on its centre was a furi 
it higher than the largest of the pyfe 
On this tower as a base were raised, ir 
whole, according to Diodorus, crowm 




F»iS. IS. 


TBMPLB or BBLVIS. 


fee strongly fortified enclosure, tlie royal 
S being two furlongs in extent. The 
h and the same in height, thus making 
ng the furlong to contain only 500 feet. 
Session, seven other lofty towers, and the 
^ze statue of the god Belus 40 feet high. 
18., in which the dotted lines show the 
i remains, according to Sir R. K. Porter’s 
aitfcoun . his Travels. The palace, serving also 
a' taiHplc, stood on an area l^mile square, 
.t-id was surrounded by circular walls, which, 
according to Diodorus, were decorated with 
sculptured animals resembling life, painted in 
their natural colours, on the bricks of which they 
were depicted, and ufieru'Mrds burnt in. Such 
\i^s the city of Babylon in its meridian splendour, 
^ that city whose founder (if it were not Nimrod, 

- sometimes called Belus,) is unknown. Great as 

it was' it was enlar^d by Semiramis, and still further enlarged and fortified by Nebuchad- 
nezzar. We shall now present, from the account of Mr. Rich, a gentleman who visited the 
spot near thirty years ago, a sketch of what the city now is. Tlie first grand mass of 
ruins marked A (fy. 19. ), which the above gentleman describes, he says extends 1100 
. yards in length and 800 in its greatest breadth, in figure nearly resembling a quadrant ; 
its height is irregular, but the most elevated part may be about SO or 60 ft. above the level ot 
the plain, and it has been dug into for the purpose of procuring bricks. This mound Jlr. li . 
distinguishes by the name of Amran. On the north is a valley 550 yards long, and then the 
second grand heap of ruins, whose shape is nearly a square of 700 yards long and broad ; 
its south-west angle being connected with the north-west angle of the mounds of Amran 
by a high ridge nearly 100 yards in breadth. This is the place where Beauchamp made 
his observations, and is highly interesting from every vestige of it being composed of build- 
ings far superior to those whereof there are traces in the eastern quarter. e^ ric s are 
of the finest description, and, notwithstanding this spot being the principal m^aziiie of them 
and constantly used for a supply, are still in abundance. The operation of extracting the 
bricks has caused much eonftision, and increased the difficulty of deciphering the use of 
this mound. In some places the solid mass has been bored into, and the superincum- 
bent strata falling in, frequently bury workmen in the rubbish. In all these excavations 
walls of burnt brick laid in lime mortar of a good quality are to be seen ; and among the 
ruins are to be found fragments of alabaster vessels, fine earthenware, marble, and great 
quantities of varnished tiles, whose glazing and colouring are surprisingly fresh. In a 
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hollow,” observes Mr. Rich, “ near the southern part, I found a sepulchral urn of earthen- 

O ware, which had been broken in digging, and 
'\j. near it lay some human bones, which pul- 

^ verised with the touch.” Not more than 200 

yards from the northern extremity of this 
^ mound, is a ravine near 100 yards long, hol- 

^ ^ I * lowed out by those who dig for bricks, on one 

j 1 f O 1 whose sides a few yards of wall remmn, the 

I if /j whereof is clear and perfect, and app^rs 

* m r \ have been the front of some building. The 

\ -f% • 1 opposite side is so confused a mass of rubbish, 

/ \ \ f looks as if the ravine had been worked 

^ u f through a solid building. Under the founda- 

(yr I tions at the southern end was discovered a sub- 

jf' y jtl I terranean passage floored and walled with large 

i' I \\ j I 3 I bricks in bitumen, and covered over with pieces 

mi 1 1 Iwal/ sandstone a yard thick and several yards 

\\\f f i‘m> \(i Is 1® ^o“g* on which the pressure is so great as to 

4 1 m have pushed out the ride walls. What was 

V* : 111 seen was near seven feet in height, its course 

t ^ ‘ \%1H being to the south. The upper part of the 

^ K t la^\\ j I K passage is cemented with bitumen, other parts of 

jj I* I ^ ravine with mortar, and the bricks have all 

T I writing on them. At the northern end of the 

A I ravine an excavation was made, and a statue 

iy ’j \ i of a lion of colossal dimensions, -standing on a 

Ilf pedestal of coarse granite and rude workman- 

ill V ship, was discovered. This was about the spot 

%\\ marked E on the plan. A little to the west 

\\ ravine at B is a remarkable ruin called 

the ^asr or Palace, which, being uncovered, 
ai^^kriy detached from the rubbish, is visible 
Hif. 19. OF BABvuiH. fr^^Hpbonsiderable distance. It is “ so sur- 

prisingly fresh,” says the author, “ that it S^^frer a minute inspection I was satisBed 
of its being in reality a Babylonian remain.*^ ll consists of several walls and piers, in some 
places ornamented with niches, and in others strengthened by pilasters of burnt brick in 
lime cement of great tenacity. The tcfih of the walls have been broken down, and they 
may have been much higher. Contiguous to this ruin is a heap of rubbish, whose sides 
are curiously streaked by the alternation of its materials, probably unburnt bricks, of which 
a small quantity were found in the neighbourhood without however any reeds in their in- 
terstices. A little to the N. N, E. of it is the famous tree which the natives call Atheli. 


They say it existed in ancient Babylon, and was preserved by God that it might afford a 
convenient place to Ali for tying up his horse after the battle Hellah ! ” “ It is an ever- 

green,” says Mr. R., “ something resembling the lignum vitse, and of a kind, I believe, not 
common in this part of the country, though I am told there is a tree of the description at 
Bassora.” The valley which separates the mounds just described from the river is white 
with nitre, and does not now appear to have had any buildings upon it except a small cir- 
cular heap at D. The whole embankment is abrupt, and shivered by the action of the 
water. At the narrowest part E, cemented into the burnt brick wall, there were a number 
of urns BUed with human bones which had not undergone the action of Bre. From a con- 
siderable quantity of burnt bricks and other fragments of building in the water the river , 
appears to have encroached here. 

39. A mile to the north of the Kasr, and 950 yards from the bank of the river, is the last 
ruin of this series, which Pietro della Valle, in 1616, described as the tower of Belus, in 
which he is followed by Rennell. The natives call it, according to the vulgar Arab pro- 
nunciation of those parts, IVIujelibe, which means overturned. They sometimes also apply 
the same term to the mounds of the Kasr. This is marked F on the plan. “ It is of an 
oblong shape, irregular in its height and the measurement of its sides, which face the car- 
dinal points, the northern side being 200 yards in length, the southern 219, the eastern 
182, and the western 136. The elevation of the south-east or highest angle, 141 feet. 
The western face, which is the least elevated, is the most interesting on account of the ap- 
pearance of building it presents. Near the summit of it appears a low wall, with inter- 
ruptions, built of unbumt bricks mixed up with chopped straw or reeds and cemented with 
clay mortar of great thickness.” The south-west angle seems to have had a turret, the others 
are less perfect. The ruin is much worn into frirrows fiium the ^tion of the weather, 
penetrating considerably into the mound in some places. The summit is covered with 
heaps of rubbish, among which fragments of burnt brick are found, and here and there 
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whole bricks with inscriptions on them. Interspersed are innumerable fragments of pottery, 
brick, bitumen, pebbles, vitrified brick or scoria, and even shells, bits of glass, and mother 
of pearl. The north- 
ern face of the Muje- 
libe(jS^. 20.) contains 
a niche of the height 
of a man, at the back 
whereof a low aper- 
ture leads to a small 
cavity, whence a pas- 
sage branches off to 
the right till it is lost 
in the rubbish. It is 
called by the natives 


Fig. ^0. KosTflBan rAcs or the uujsubs. 

the serdaub or cellar, and Mr. Rich was informed that four years previous to his survey, a 
quantity of marble was taken out from it, and a coffin of mulberry wood, in which was con- 
tained a human body enclosed in a tight wrapper, and apparently partially covered with 
bitumen, which crumbled into dust on exposure to the air. About this spot Mr. R. ^so ex- 
cavated and found a coffin containing a skeleton in high preservation, whose antiquity was 
placed beyond dispute by the attachment of a brass bird to the outside of the coffin, and in- 
side an ornament of the same material, which had seemingly been suspended to some part of 
the skeleton. On the western side of the river there is not the slightest vestige of ruins ex- 
cepting opposite the mass of Amran, where there are two small mounds of earth in existence. 

40. The most stupendous and surprising mass of the ruins of ancient Babylon is situate 
in the desert, about six miles to the south-west of Hellah. It is too distant to be shown 
on the block plan above given. By the Arabs it is called Birs Nemroud ; by the Jews, 

Nebuchadnezzar’s Prison. Mr. Rich was 



BIES NSMBQUD. 


the first traveller who gave any account 
of this min, of which fig. 21. is a repre- 
sentation; and the description following 
we shall present in Mr. Rich’s own words. 

The Birs Nemroud is a mound of an ob- 
long figure, the 'total circumference of 
^■Which is 762 yards. At the eastern side 
cloven by a deep furrow, and is not 
mme than fifty or sixty feet high ; but at 
the western it rises in a conical figure to 
the elevation of 198 ft., and on its summit 
is a solid pile of brick 37 ft. high by 28 in 
breadth, diminishing in thickness to the 
top, which is broken and irregular, and 
rent by a large fissure extending through a 
third of its height. It is perforated by small 
square holes disposed in rhomboids. The 
fine burnt bricks of which it is built have 
inscriptions on them ; and so admirable is 

_ the cement, which appears to be lime mortar, 

that* ffiough the layers are so close togetherthat it is difficult to 

tween them, it is nearly impossible to extract one of the bricks whole. The other pa^ of the 
summit of the hill are occupied by immense fragments of brickwork, rf no 
•tumbled together and converted into solid vitrified mas^ as ^ 

of the fiercit fire or been blown up with gunpowder, the ay ers of the 
discernible,-^ curious fact, and one for which I am 

incredible as it may seem, are actually the rums spoken of by Pere Em^"el 
vilU, sur rSuphratlet le Tigrey who takes no sort of notice the 

which they are elevated.” The mound is a majestic rum, ai« of a .P^Pj® P^ , . 

were not iL, if the hypothesis brought before the reader >" 

and Druidical architecture be founded on the basis of trut , u s manv other 

their separation from the parent stock, in Abury Stonehenge, Carmm, ^d 
places. Ruins to a considerable extent exist round the Birs emrou , hanniest coniec- 
pose it is not necessary to particularise them. The chance (for more .PP , j„c„Ue 

ture would not warrant) of conclusively enabling the reader to come o a 
notion of the venerable city, whereof it is our object to ^ give im a in — 

indefinite to detain him and exhaust his patience. One circumstance, however, we m 
not omit; and again we shall use the words of the traveller to whom we are under ^ 
many obligations. They are, — “ To these mins I must add one, which, though not m the 
same direction, bears such strong charactenstics of a Babylonian origin, that it would be 
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improper to omit a description of it in this place. I mean Akerkouf, or, as it is more 
generally called, Nimrod’s Tower ; for the inhabitants of these parts are as fond of attri- 
buting every vestige of antiquity to Nimrod as those of Egypt are to Pharaoh. It is 
situate ten miles to the north-west of Bagdad, and is a thick mass of unburnt brickwork, 
of an irregular shape, rising out of a base of rubbish ; there is a layer of reeds between 
every iifth or sixth (for the number is not regulated) layer of bricks. It is perforated with 
small square holes, as the brickwork at the Birs Nemroud ; and about half way up on the 
east side is an aperture like a window ; the layers of cement are very thin, which, consider- 
ing it is mere mud, is an extraordinary circumstance. The height of the whole is 126 ft. ; 
diameter of the largest part, 100 ft. ; circumference of the foot of the brickwork above the 
rubbish, 300 ft. ; the remains of the tower contain 100,000 cubic feet. (Vide Ives’s Travels, 
p. 298.) To the east of it is a dependent mound, resembling those at the Birs and Al 
Hheimar.” 

41. The inquiry (following Mr. Rich) now to be pursued is that of identifying some of 
the remains which have been described with the description which has been left of them. 
And, first, of the circuit of the city. The greatest circumference of the city, according to 
the authors of antiquity, was 480 stadia (supposed about 500 ft. each), the le^t 360. Strabo, 
who was on the spot when the walls were sufficiently perfect to judge of their extent, states 
their circuit at 385 stadia. It seems probable that within the walls there was a quantity of 
arable and pasture ground, to enable the population to resist a siege ; and that, unlike modern 
cities, the buildings were distributed in groups over the area inclosed ; for Xenophon reports 
that when Cyrus took Babylon (which event happened at night) the inhabitants of the oppo- 
site quarter of the town were not aware of it till the third part of the day ; that is, three hours 
after sunrise. The accounts of the keight of the walls all agree in the dimension of 50 cubits, 
which was their reduced height from 350 ft. by Darius Hystaspes, in order to render the 
town less defensible. The embankment ** ♦he river with walls, according to Diodorus 
100 stadia in length, indicates very a.lva. -'p^-v^ineering skill; but the most wonderful 
structure of the city was the tower, pyramt- oulchre of Belus, whose base, according 
to Strabo, was a stadium on each side. It ’ i an enclosure of two miles and a half, 
and contained the temple in which divine hwi.( -vere paid to the tutelary deity of Baby- 
lon. Tlte main interest attached to the tower Belus arises from a belief of its identity 
with the tower which we learn from Scripture {Gen. xi.) the descendants of Noah, with 
Belus at their head, c^Jfistructed in the plains Shinar. The two masses of ruins in which 
this tower must be sought, seem to be tl *s Nemroud, whose four sides are 2286 En- 
glish feet in length ; and the Mujelib^^ - circumference is 21 1 1 ft. Now, taking the 
stadium at 500 ft., the tower of Belus,*cording to the accounts, would be 2000 ft. in cir- 
cumference ; so that both the ruins agree, as nearly as possible, in the requisite dimensions, 
considering our uncertainty respecting the exact length of the stadium. Mr. Rich evidently 
inclines to the opinion that the Birs Nemroud is the ruin of this celebrated temple, thougb 
he allows “ a very strong objection may be brought against the Birs Nemroud in the dis- 
tance of its position from the extensive remains on the eastern bank of the Euphrates, 
which for its accommodation would oblige us to extend the measurement of each side of 
the square to mne miles, or adopt a plan which would totally exclude the Mujelibe, all the 
ruins above it, and most of those below ; even in the former case, the Mujelibe and the 
Bits would be at opposite extremities of the town close to the walls, while we have every 
reason to believe that the tower of Belus occupied a central situation.” 

42. The citadel or palace was surrounded by a wall whose total length was 60 stadia, 

within which was another of 40 stadia, whose inner face was ornamented with painting, 

a practice (says Mr. Rich) among the Persians to this day. Within the last-named wall 
was a third, on which hunting subjects were painted. The old palace was on the opposite 
side of the river, the outer wall whereof was no larger than the inner wall of the new one.* 
Above the palace or citadel were, according to Strabo, the hanging gardens, for which, in 
some respects, a site tost the Mujelibe would sufficiently answer, were it not that the 
skeletons found there “ embarrass almost any theory that may be formed on this extra- 
ordinary pile.” 

43. As yet, no traces have been foimd of the tunnel under the Euphrates, nor of the 
obelisk which Diodorus says was erected by Semiramis ; it is not, however, impossible that 
the diligence and perseverance of ftiture travellers may bring them to light. Rich believes 
that the number of buildings within the city bore no proportion to the extent of the walls, 
— a circumstance which has already been passingly noticed. He moreover thinks that the 
houses were, in general, small ; and further, that the assertion of Herodotus, that it 
abounded in houses of two or three stories, argues that the majority consisted of only one. 
He well observes, “ The peculiar climate of this district must have caused a similarity of 
habits and accommodation in all ages ; and if, upon this principle, we take the present 
fiishion of building as some example of the mode heretofore practised in Babylon, the 
houses that had more than one story must have consisted of the ground floor, or hasse-cour, 
occupied by stables, magazine and serdaute or cellars, sunk a little below the ground, for 
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the comfort of the inhabitants during the heat ; above this a gallery with the lodging 
rooms opening into it ; and over all the Hat terrace for the people to sleep on during the 
summer.” In these observations we fully concur with the author, believing that climate 
and habits influence the arts of all nations. 

44. Vastness of dimension, rather than refined art, may be reasonably inferred of the 
Babylonian architecture ; the sculptures which have been seen are those of a people not so 
advanced in art as the Egyptians. From the similarity of the arrow-headed characters on 
the bricks found about the ruins of Babylon to those which appear on the ruins of Perse- 
poMs, we may &iriy conjecture a similarity of habits and taste between the people of the 
two cities ; of the latter we have more perfect remains than of the former, of which we 
shall feirnish our readers with some examples in the next section. In Asia, about the 
provinces of which we have spoken, must be sought the first notions of the art. There 
its wonders firet appeared ; there it first developed its power. Greater almost at its birth 
than ever afterwards, it seems all at once to have risen, as respects absolute grandeur, to 
the highest state of which it was there susceptible ; and, degenerating successively under 
the hands of other people, we may reckon by the periods of its decay the epochs of its 
duration. 


45. No trace of the arch has been found in the ruins either at the Kasr or in the passages 
at the Mujelibe. Massy piers, buttresses, and pilast^s supplied the place of the column. 
The timber they used was that of the date tree, posts of which were used in their domestic 
architecture, round which, says Strabo, they twist reeds and apply a coat of paint to them, 
'rhickness of wall was obtained by casing rubble work with fine brick, of which two sorts 
were made. The one was merely dried in the sun, the other burned in a kiln. The latter 
was IS in. square and 3 in. thick, with varieties for difi^^nt situations in the walls. They 
are of various colours. The sun-dried is considerably larger than the kiln-dried. There 
is reason for believing that lime cement generally used than bitumen or clay; 

indeed, Niebuhr says that the bricks laid *” ‘ /^A^were easily separated, but that where 


mortar had been employed no force coul 
them in pieces. 


them from each other without breaking 
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PEaSEF<tt.lTAN ^^ARCHITECTURE. 

46. Fersepolis, the ancient capital of Persia, whereof the few ruins now remain- 
ing we are about Un describe, was seated (lat. 30"" 40' N., long. 84' E.) in the great 
plain of Merdasht or Istakhr, one of the most fertile in the world, being watered in all 
directions by rivulets and artificial drains, which ultimately unite in the Bundemir, the 
ancient Araxes. llie site of tlu.s city, destroyed two thousand years since, would, like 
^lemphis, have scarcely left a vestige by which it could have been identified, but for the 
celebrated ruins of Chel-Minar (Jiff 22. ), which are believed to be the remains of that 



Pig. Rui'«s or rsn^Kroi.is. 


ancient palace of the masters of Asia to which Alexander set fire in a moment of madness 
and debauch. 'Fhe information we are about to give on this subject is obtained from De 
Bruyn, who examined tlie ruins with great attention in 1704, with some reference also to 
Niebuhr and Sir K. K. Porter, the latest traveller who has published any account of them. 

47. The ruins are situated at the foot and to the west of the mountain Kulirag-met. 
On three sides the walls are remmning, the mountain to the east forming the other side 
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From north to south the extent is 600 paces (1425 ft.), and 390 (802 ft.) from west to 
east to the mountain on the south side, having no stairs on that side ; average height about 
18 ft. 7 in. On the north side it is 410 paces (926 ft.) from east to west, and the wall is 
2 1 ft. high in some places. At the north-west comer of the wall, about 80 paces in extent 
westward, are some rocks before the principal staircase. On mounting the steps there is 
found a large platform 400 paces in extent towards the mountain. Along the w^l on three 

sides a pavement ex- 
tends for a width of 
8 ft. The prin<^al 
staircase A {/ig. 23. ) 
is not placed in the 
middle of the west 
side, but nearer to 
the north. It has a 
double flight, the dis- 
tance between the 
flights at the bot- 
tom being 42 ft., and 
the width of them is 
25 ft. 7 in. The steps 
are 4 in. high, and 
Min. wide. Fifty- 
five of them remain 
on the north side, 
and fifty-three on 
the south ; and it is 
probable that some 
are buried by the 
ruins. Tlte half 
spaces at the top of 
the first flight are 

51 ft. 4 in. wide. The upper flights are separated from the lower by a wall which runs 
through at the upper landing. The upper flights are in forty-eight steps, and are cut out 
of single^ blocks of the rock. The upper landing is seventy-five feet between the flights. 

48. lorty-two feet from the land^K, at B, are two large portals and two columns 
(originally four). The bottom of the ^«t is covered with two blocks of stone, which fill 
two tliirds of the space ; the other third having been destroyed by time. The second por- 
tal is more covered by tlte earth than the first, by five feet, 'fhey are 22 ft. 4 in. deep, 
and 13 ft. 4. in. wide. On tfie interior side-faces of their piers, and nearly the whole 
len^h of them, are large figures of bulls, cut in bas-relief. The heads of these animals are 
entirely destroyed ; and tlieir breasts and fore feet project from the piers : the two of the 
first portal face to the staircase, and those of the other face towards the mountain. On the 
upper part of the piers there are some arrow-headed characters, too small to be made out 

from below. The remains of the first portal are 
39 ft. high, and of the second 28 ft. The base 
of the piers is 5 ft. 2 in. high, and projects in- 
wards ; and the bases upon which the figures 
stand are 1 ft. 2 in. high. We may here ob- 
serve that the figures on the further portal have 
the body and legs of a bull, an enormous pair 
of wings ( Jig. 24. ) projecting from the shoulders,* 
and the heads looking to the east show the faces 
of men. On the head is a cylindrical diadem, 
on both sides of which horns are clearly repre- 
sented winding from the brows upwards to the 
front of the crown ; the whole being surmounted 
with a sort of coronet, formed of a range of 
leaves like the lotus, and bound with a fillet 
carved like roses. The two columns (at Sir U. 
K. Porter’s visit only one remained) are the 
most perfect among the ruins, and are 54 ft. 
high. At the distance of fifty-two feet south- 
eastward from the second portico is a water- 
trough cut out of a single stone 20 ft. long and 
17 ft. 5 in. broad, and standing 3 ft. high from 
the ground. From hence to the northern wall of the platform is covered with fragments 
and the remains of one column not chaiine ll^ as the others are ; this is 12 ft;. 4 in. iiigh 
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49. At one hundred and seventy-two feet from the portals, southward, is another stair- 
case of two nights (lettered C), one west and the other east. On the top of the ramp of 
the steps are some foliages, and a lion tearing to pieces a bull, in bas-relief, and larger than 
nature. This staircase is half buried. The western flight has twenty-eight steps, and the 
other, where the ground is higher, has only eighteen. These steps are 17 ft. long, 3 in. 
high, and 14^ in. wide. The wall of the landing is sculptured with three rows of figures, 
one above the other, and extending ninety-eight feet. The facei of these inner terrace walls 

are all decorated with bas-reliefs, of 
which Jig. 25. is a specimen. On ar- 
riving at the top of this staircase, was 
found another large platform, paved 
with large blocks of stone ; and at the 
distance of twenty-two feet two inches 
from the parapet of the landing, are the 
most northern columns (lettered D), 
originally twelve in nui^%r, whereof 
in Sir H. K. Porter’s time only one 
remained. At seventy-one feet south- 
ward from these stood thirty-six columns more, at intervals of twenty-two feet two inches 
from each other, whereof only 6ve now remain ; the bases, however, of all the others are in 
their places, though most of them are much damaged. TTiis group of columns is lettered 
E. To the east and west of the last-named group are two other groups of twelve each 
marked F and G, whereof five still remain in the eastern one, and four in the western one. 
The columns of the central group are fifty-five feet high ; and those of the other three 
groups are sixty feet in height. To the south of the three groups of columns is situate the 
most raised building on these ruins. On the east, towards the mountain, a large mass of 
ruins is visible (lettered H), consisting of portals, passages, windows, &c. 'fhe first are 
decorated with figures on the interior ; and the whole plot on which they stand is 95 paces 
from east to west, and about 125 paces from north to south. The centre part of the plot is 
covered with fragments of columns and other stones ; and in the interior part there seems 
to have been a group of seventy-six columns, whereof none are represented by Sir R. K. 
Porter, nor are they shown in either of Le Bruyn’s views. The highest building as to 
level, marked I, is 118 ft. distant from the columns lettered G. Some foundations are 
visible in front of this building, to which there is not the slightest trace of a staircase. At 
fifty-three feet from the facade of it to the right is a staircase of double flight, marked K, 
where again bassi relievi are to be found, near which are the remains of some portals 
which Le Bruyn thinks were destroyed by an earthquake. The next ruin (L) is 54^ ft. in 
extent, and has portals similar to those in other parts of the place. To its north, M 
exhibits uniform features, with windows, and what travellers have agreed to call niches, 
which are nothing more than square-headed recesses. Sculpture here again abounds, 
whereof we do not think a description necessary, as in Jig. 25. a specimen of it has been 
given, sufficient to indicate its character. Behind this edifice is another, in some respects 
similar, except that it is thirty-eight feet longer. It is marked N on the plan. One 
hundred feet to the south of this last set of ruins (lettered O), Sir U. K. Porter seems 
to have found traces of columns, which, if wc read Le Bruyn rightly, he does not mention. 
In this, the last-named traveller found a staircase leading to subterranean apartments, as he 
thought, but nothing of interest was discovered. The general dimensions of the building 
(P) extend abouf 160 ft. from north to south, and 190 ft. from east to west. It ex- 
hibits ten portals in ruins, besides other remains ; and there are traces of thirty-six 
columns, in six ranks of six each. The spot is covered with fragments, under which have 
been traced conveyances for water. To the west of the last-named building was another 
entirely in ruins : to the east of it are visible the remains of a fine staircase, much resembling 
that first described, and which, therefore, we do not think it necessary to particularise, 
more than we do the numberless fragments scattered over the whole area, which was equal 
to nearly thirty English acres ! The ruins at Q are of portals. At R and S are tombs 
cut in the rock, of curious form, but evidently, from their character, the work of those who 
constructed the enormous pile of building of which we have already inserted a repre- 
sentation. Between the leading forms of the portals of these ruins, or porticoes, as Le 
Bruyn calls them, and those of the structures of Egypt, there is a very striking resemblance. 
On comparison of the two, it is impossible not to be struck with the large crowning hol- 
lowed member, which seems to have been common to the edifices on the banks of the Nile 
and those on the plain of Merdasht. In both, this member, forming, as it were, an en- 
tablature, is ornamented with vertical ribs or leaves, and the large fillet above the hollow 
appears equally in each. In the walls of the Persepolitan remains, there is perhaps less real 
massiveness than in those which were the works of the Egyptians ; but the similarity of 
appearance between them points to the conjecture that, though neither might have been 
borrowed from the other, they are not many removes from one common parent. The an- 
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nexed diagram 26. ) will give the reader some notion of the style of the architecture of 



Fig. 26. AKCHITBCTLRB OV PKJUKPULIB. 




Perse]>olis. The diagram {fii). 27.) exhibits a specimen of a column and capital. Fig. 28, 
is a capital from one of the tombs. The walls forming tlie revetement of 
the great esplanade are wonderfully perfect ; and appear still capable of re- 
sisting equally the attacks of time and barbarism. 11)6 surface of the platform, 
generally, is unequal, and was of different levels : the whole seems to have 
been hewn from the mountain, from wlieiice 
the marble has been extracted for con- 
structing the edifices : hence the pave- 
ments appear masses of marble, than which 
nothing more durable or beautiful can be 
conceived. No cement appears to have 
been used, but the stones seem to have 
l>een connected by cramps, whose removal, 
however, has neither deranged the courses 
from which they have been removed, nor 
I affected their nice fitting to each other ; 
ris. 277 'co«uji>they are, indeed, so well wrought that the i-aki.ai »hi»i a tomh. 

AWD cAFiTAt. scaFccly be perceived, so close that the thinnest plate of metal could 

not be introduced between them. 

50. No person can look at the style of composition and details of Persepolis without a 
conviction of some intimate connection between the architects of Persia and those of Egypt. 

The principles of both are identical ; and without inquiring into 
the exact date of the monument whose description we have just 
left, there is sufficient to convince us that the theory started in 
respect of the Cyclopean architecture, of the arts travelling in 
every direction from some central Asiatic point, is fully borne out ; 
and that the Egyp- 
tian style had its 
origin in Asia. We 
are quite aware that 
conjectures, bearing 
a semblance of pro- 
bability, have as- 
signed the erection 
of this stupendous 
palace to Egyptian 
captives, at a com- 
paratively late pe- 
I riod, after the con- 
quest of Egypt by 

Cambyses ; hut we think they are answered by the similarity of 
arrow-headed characters used therein to those of ancient Babylon, whereof an example is 
here given {fig. 29. ) from one of the portals of Persepolis. A few miles to the south of 
Persepolis, the excavated hill of Nakshi Rustan {fig. 30.) presents a number of sculptured 
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tombs, the highest supposed to be coeval with Persepolis, and formed for the sepulture of 
the early kings of Persia. The lower tombs seem to have belonged to the Parthian Sas< 
sanide dynasties. 

51. The present architecture of Persia much resembles that of other Mahometan coun- 
tries. The city of Ispahan, in its prosperity, is said to have been surrounded by a wall 
twenty miles in circuit. When visited by Chardin, in 1666-7, the walls were so com- 
pletely covered with houses as to be scarcely discernible ; and he observes, that h*om what- 
ever side the city is beheld it resembles a wood, where only domes are to be seen, with lofty 
slender towers attached to them. The houses are generally mean in external appearance : 
they commonly consist of a large square court surrounded with rooms of varying dimensions 
for difierent uses, the sid^ of the area being planted with flowers, and refreshed by fountains. 
Distinct from this is a smaller court, round which are distributed the apartments belonging 
to the females of the family ; and almost every dwelling has a garden attached to it. The 
interior apartments of the richer classes are ^lendidly finished, though simply furnished. 
Those inhabited by the governor, public oflicen, and opulent merchants, may almost vie 
with palaces. Nearly all of them are constructed with sun-dried bricks, the public edifices 
only l^ing built with burnt bricks : the roofr are mostly flat, having terraces, whereon the 
inhabitants sleep during several months of the year. According to the author above quoted, 
there were in his time within the walls 160 mosques, 48 colleges, 1802 caravanseras, 273 
baths, 12 cemeteries, and 38,000 houses. But since that period the city has fallen into great 
ruin. The Shah Meidariy however (Jigs. 31. and 32.), or royal square, is still one of the 



largest and finest in the world. It is 440 paces in length, and 160 in breadth. On its 
south side stands the royal mosque, a magmficent building, erected by Shah Abbas, in the 

sixteenth century, and constructed 
of stone, covered with highly var- 
nished bricks and tiles, whereon are 
inscribed sentences of theKoran. On 
another side of the Meidan is a Ma- 
hometan college called the Medresse 
Shah Sultan Hossein. Tbe entrance 
is through a lofty portico decorated 
with twisted columns of Tabriz mar- 
ble, leading through two brazen 
gates, who:^ extremities are of sil- 
ver, and their whole surface sculp- 
tured and embossed with flowers, 
and verses from the Koran. Advancing into the court, on the right side is a mosque, 
whose dome is covered with lacquered tiles, and adorned externally with ornaments of 
pure gold. This, and the minarets that flank it, are now falling into decay. The other 
sides of the square are occupied, one, by a lofty and beautifril portico, and the remaining 
two by small square cells for students, twelve in each front, disposed in two stories. In the 
city are few hospitals ; one stands, however, beside the caravanserm of Shah Abbas, who 
erected both at the same time, that the revenue of the latter might support the proper 
officers of the hospital. That the reader may have a proper idea of one of these inns of the 
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East} if they may be so cuilcd, we have here given the plan of that just above named 

33.). The palaces of the kings 
are enclosed in a fort of lofty 
walls, about three miles in cir- 
cuit ; in general the front room 
or hall is very open, and the 
roof supported by carved and 
gilded columns. The windows 
glazed with curiously staised 
glass of a variety of colours ; 
each has a fountain in front. 
The palace of Chehel Sitoon, 
or forty pillars, is placed in the 
middle of an immense square, 
intersected by canals, and 
planted with trees. Towards 
the garden is an open saloon 
whose ceiling is borne by 
eighteen columns, inlaid with 
mirrors, and appearing at a dis- 
tance to consist entirely of 
glass. The base of each is of 
marble, sculptured into four lions, so placed that the shafts stand on 'them. Mirrors are 
distributed on the walls in great profusion, and the ceiling is ornamented with gilt flowers. 
An arched recess leads from the apartment just described into a spacious and splendid hall, 
whose roof is formed into a variety of domes, decorated with painting and gilding. The 
walls are partly of white marble, and partly covered with mirrors, and are moreover deco- 
rated with six large 'paintings, whose subjects are the battles and royal fetes of Shah Ismael 
and Shah Abbas the Great. Though of considerable age, the colours are fresh, and the 
gilding still brilliant. Adjoining the palace is the harem, erected but a few years ago. 
The bazaars are much celebrated ; they consist of large wide passages, arched, and lighted 
from above, with buildings or stores on each side. One of these was formerly 600 geo- 
metrical paces in length, very broad and lofty. From these being adjacent to each other, 
a person might traverse the whole city sheltered from the weather. In Ispahan, we must 
not forget to notice that some fine bribes exist, which cross the river Zenderond. 
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Sect. V. 

JEWISH ARCHITECTURE. 

52. We are scarcely Justified in giving a section, though short, to the architecture of the 
Jews, since the only buildings recorded as of that nation are the Temple of Jerusalem con- 
structed by Solomon, and the house of the forest of Lebanon. The shepherd tribes of 
Israel, indeed, do not seem to have required such dwellings or temples as would lead them, 
when they settled in cities, to the adoption of any style very different from that of their 
neighbours. Whatever monuments are mentioned by them appear to have been rude, and 
have been already noticed in the section on Druidical and Celtic architecture. 

Solomon ascended the throne-, anxious to fulfil the wish his father had long entertained of 
erecting a fixed temple for the reception of the ark, he was not only obliged to send to 
Tyre for workmen, but for an architect also. Upon this temple a dissertation has been * 
written by a Spaniard of the name of Villalpanda, wherein he, with consummate simplicity, 
urges that the orders, instead of being the invention of the Greeks, were the invention of God 
himself and that Callimachus most shamefully put forth pretensions to the formation of the 
Corinthian capital which, he says, had been us^ centuries before in the temple at Jerusalem. 
The following account of the temple is from the sixth chapter of the First Book of Kings. 
Its plan was a parallelogram (tsiing the cubit at 1*824 ft., being the length generally 
assigned to it) of about 109^ ft. by 36|ft., being as nearly as may be two thirds of the 
size of the church of St. Martin’s in the Fields. In front was a pronaos, or portico, 
stretching through the whole front (36 J ft. ) of the temple, and its depth was half its extent. 
The cell, or main body of the temple, was 54j ft. deep, and the sanctuary beyond 36^ 
feet, the height of it being equal to its length and breadth. The height of the middle 

part, or cell, was 54| ft. ; and that of the portico the same as the sanctuary, that is, 

36| ft., — judging from the height of the columns. In the interior, the body of the temple 
was surrounded by three tiers of chambers, to which there was an ascent by stairs ; and the 
central part was open to the sky. The ends of the beams of the floors rested on corbels of 
stone, and were not inserted into the walls, which were lined with cedar, carved into 



Chap. II 


JEWISH INDIAN. 


25 


cherubims and palm trees, gilt. In the sanctuary two figures of cherubs were placed, 
whose wings touched each other in the centre, and extended outwards to the walls. These 
were 10 cubits high. In the front of the portico were two pillars of brass, which were cast 
by Hiram, “ a widow’s son of the tribe of Naphtali,” whose “ father was a man Tyrey* 
and who “ came to king Solomon and wrought all his work.” These two pillars of 
brass (1 Kingsy vii. 14, 15.) were each 18 cubits high, and their circumference was 
12 cubits ; hence their diameter was 3*82 cubits. The chapiters, or capitals, were 
' 5 cubits high ; and one of them was decorated with lilies upon a net-work ground, 

o and the other with pomegranates. From the representation {^g, 34.) here given, 
the reader must be struck with their resemblance to the columns of Egypt with 
their lotus leaves, and sometimes net-work. In short, the whole description would 
1-1 almost as well apply to a temple of Egypt as to one at Jerusalem. And this tends, 
Fig. 34. though slightly it is true, to show that the Phcenician workmen who were employed 
on the temple worked in the same style as those of Egypt. 

53. The house of the forest of Lebanon was larger than the temple, having been 100 
cubits in length, by 50 in bresulth ; it also had a portico, and from the description seems to 
have been similar in style. 

54. Phoenician Architecture, — That part of the great nation of Asia which settled on the 
coasts of Palestine, called in scripture Canaanites, or merchants, were afterwards by the 
Greeks called Phoenicians. Sidon was originally their capital, and Tyre, which after- 
wards became greater than the parent itself, was at first only a colony. From what we 
have said in a previous section on the walls of Mycene, it may be fairly presumed that their 
architecture partook of the Cyclopean style ; but that it was much more highly decorated 
is extremely probable from the wealth of a people whose merchants were princes, and whose 
traftickers were the honourable of the earth. Besides the verses of Euripides, which point 
to the style of Phoenician architecture, we have the authority of Lucian for asserting that 
it was Egyptian in character. Unfortunately all is surmise ; no monuments of Phoenician 
architecture exist, and we therefore think it useless to dwell longer on the subject. 


Sect. VI. 

IHUIAN ARCHITECTURE. 

55. Whence the countries of India derived their architecture is a question that has occupied 
abler pens than that which we wield, and a long period has not passed away since the im- 
pression on our own mind was, that the monuments of India were not so old as those of 
Egypt. Upon maturer reflection, we are not sure that impression was false ; but if the arts of 
a country do not change, if the manners and habits of the people have not varied, the admis- 
sion of the want of high antiquity of the monuments actually in existence 
will not settle the point. The capitals and columns about Persepolis have 
a remarkable similarity to some of the Hindoo examples, and seem to 
indicate a common origin ; indeed, it is our opinion, and one which we 
have not adopted without considerable hesitation, that though the existing 
buildings of India be comparatively modern, they are in a style older than 
that of the time of their erection. Sir William Jones, whose opinion seems 
to have been that the Indian temples and edifices are not of the highest 
antiquity, says (3rd Discourse), “ that they prove an early connection be- 
tween India and Africa. The pyramids of Egypt, the colossal statues de- 
scribed by Pausanias and others, the Sphinx and the Hermes Canis (which 
last bears a great resemblance to the Varahavat^, or the incarnation of 
Vishnu in the form of a boar), indicate the style and mythology of the 
same indefati^ble workmen who formed the vast excavations of Canarah, 
the various temples and images of Buddha, and the idols which are con- 
tinually dug up at Gaya or in its vicinity. The letters on many of these 
monuments appear, as I have before intimated, partly of Indian and partly 
of Abyssinian or Ethiopic origin ; and all these indubitable facts may in- 
duce no ill-grounded opinion that Ethiopia and Hindustan were peopled 
A coi l. ns OF or colonised by the same extraordinary race.” In a previous page (^p'. 27.), 
iHK iMiRA stBBA. thc feadcF wUl find a Pereepolitan column and capital; we place before 
him, in ^g. 35., an example from the Indra Subba which much resembles it in detail, and 
at the Nerta Chabei at Chillambaram are very similar examples. Between the styles of 
Persepolis and Egypt a resemblance will be hereafter traced, and to such an extent, that 
there seems no reasonable doubt of a common origin. The monuments of India may 
be divided into two classes, the excavated and constructed : the former being that where a 
building has been hollowed, or, as it were, quarried out of the rock ; the latter, that built 
of separate and different sorts of materials, upon a regular plan, as may be seen in those 
buildings improperly called pagodas, which ornament the enclosures of the sacred edifices, of 
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which they are component parts. The class first named seems to have interested travellers 
more than the last, from the apparent difficulty of execution ; but on this account we are not 
so sure that they ought to create more astonishment than the constructed temple, except that, 
according to Daniel ( Asiat. Res. vol. i. ), they are Imllowed in hard and compact granite. 

56. The monuments which belong to the first class are of two sorts ; those actually hollowed 
out of rocks, and those presenting forms of apparently constructed buildings, but which are, 
in fact, rocks shaped by human hands into architectural forms. Of the first sort are the 
caves of ^lephanta and Ellora ; of the last, the seven large pagodas of Mavalipowram. It 
will immediately occur to the reader that the shaping of rocks into forms implies art? if 
the forms be imposing or well arranged : so, if the hollowing a rock into well-arranged and 
well-formed chambers be conducted in a way indicating an acquaintance with architectural 
effect, we are not to assume that a want of taste must be consequent on the first sort merely 
because it cannot be called constructive architecture. And here we must observe, that we 
think the writer in the Encyclopedie Methodique (art. Arch. Indienne) fails in his reasoning ; 
our notion being simply this, that as far as respects these monuments, if they are worthy to 
be ranked as works of art, the means by which they were produced have nothing to do with 
the question. It must, however, be admitted, that what the architect understands by or- 
donnance, or the composition of a building, and the proper arrangement of its several 
parts, points which so much engaged the attention of the Greeks and Romans, will not be 
found in Indian architecture as far as our acquaintance with it extends. Conjectures 
infinite might be placed before the reader on the antiquity of this species of art, but they 
would be valueless, no certain data, of which we are aware, existing to lead him in the right 
road i and we must, therefore, be content with enumerating some of the principal works 
in this style. The caves at Ellora consist of several apartments ; the plan of that called 
the India Subba (^g. 36.) is here given, to show the species of plan which these places 



Fig. 36. rLAK or the utoea subra. 


exhibit ; and Jtg. 37. is a view of a portion of the interior of the same. The group of temples 
which compose these excavations are as follow : 


Temple of Diagannatha. 




ft. 

in. 

External width of the excavation 


57 

0 

Length (interior) 


. 


34 

0 

Width (^tto) 

. 
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20 

0 

Height 

. 



13 

0 

Height of the pillars 
Temple of Parocona. 

• 

- 

‘ 

11 

0 

Length internally 
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0 
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- 

- 

- 
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Temple of Adi — Natha. 
Length 




45 

0 

Height 

Temple of Djenonasla. 
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9 

0 
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11 

0 
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- 

- 

- 

11 

2 

Tenmle of Domroa ~ L^ma. 
Length ... 



55 

0 
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18 

6 
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- 

- 

- 

16 
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Temple of Indra. 
i<ength 



ft. 

. 54 

in. 

0 

Width 



- 44 

Q 

Height 



- 27 

0 

Height of columns 

- 

- 

- 22 

0 

Another Temple. 

Length 

. 


- Ill 

0 

Width 


_ 

- 22 

4 
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- 

- 

- 15 

0 

Temple of Mabadeo. 
Length 



- 68 

0 

Width 

_ 


- 17 

0 

Height 

- 

- 

- 12 

0 

Temple of Ramichouer. 

Length 

. 


- 90 

0 

Height 

- 

- 

- 15 

0 

Temple of Kmlaca. 

Length 

• 

. 

- 88 

0 

Height 

- 

- 

- 47 

0 
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57. The most celebrated excavated temple is that of Elephanta 38,), near Bombay, 

of whose interior composition 
the reader may obtain a faint 
idea from the subjoined re- 
presentation {fig. 39.). It is 
130 ft. long, 110 ft. wide, and 
14jft. high. The ceiling is 
flat, and is apparently sup- 
ported by four ranks of co- 
lumns, about 9 ft. high, and 
of a balustral form. These 

stand on pedestals, about 

two thirds the height of the 
columns themselves. A great 
Fig. 3S. TBMFiB OK Ki.KPitANTA. poptlon of the walls is co- 
vered with colossal human figures, forty to fifty in number, in high relief, and distin- 

guished by a variety of symbols, probably representing the attributes of the deities 



Fig. 39 IMUtlOll Oi’ ri'E OK tl.lSKII*^rA. 


whom they worshipped, or the actions of the heroes whom they represented. At the 
end of the cavern there is a dark recess, about 20 ft. square, entered by four doors, each 
Hanked by gigantic figures. “ These stupendous works,” says Robertson, “ are of such high 
antiquity, that, as the natives cannot, either from history or tradition, give any information 
concerning the time in which they were executed, they universally ascribe the formation of 
them to the power of superior beings. From the extent and grandeur of these sub- 
terraneous mansions, which intelligent travellers compare to the most celebrated monu- 
• ments of human power and art in any part of the earth, it is manifest that they could not 
have been formed in that stage of social life where men continue divided into small tribes, 
unaccustomed to the efforts of persevering industry.” Excavations similar to those we 
have named are found at Canarah, in the Island of Salsette, near Bombay. In tl^se there 
are four stories of galleries, leading in all to three hundred apartments. The front is 
formed by cutting away one side of the rock. The principal temple, 84 ft. long, and 40 ft. 
broad, is entered by a portico of columns. The roof is of the form of a vault, 40 ft. from 
the ground to its crown, and has the appearance of being supported by thirty pillars, 
octagonal in plan, whose capitals and bases are formed of elephants, tigers, and horses, 
^rhe walls contain cavities for lamps, and are covered with sculptures of hum^ figures of 
both sexes, elephante, horws, and lions. An altar, 27 ft. high and 20 ft. in diameter, 
stands at the further end, and over it is a dome shaped out of the rock- Phough the 
sculptures in these caves are low in rank compared with the works of Greek and Etrurian 
artists, yet they are certainly in a style superior to the works of the Egyptians ; and we 
infer from them a ftivourable opinion of the state of the arts in India at the period of their 
formation. “ It is worthy of notice,” observes the historian we have just quoted, “ that 
although several of the figures in the caverns at Elephanta be so different from tliose 
now exhibited in the pagodas as objects of veneration, that some learned Europeans 
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have Imagined they represent the rites of a religion more aneient than that now esta- 
blished in Hindostan ; yet by the Hindoos themselves 
the caverns are considered as hallowed places of their 
own worship, and they still resort thither to perform 
their devotions, and honour the figures there, in the 
same manner with those in their own pagodas.” Mr. 






i’a'j 


. : of the most conspicuous personages in the groups at 
Elephanta are decorated with the zennavy the sacred 
string or cord peculiar to the order of Brahmins, an 
authentic evidence of the distinction of casts having 
been established in India at the time when these 
works were finished. 

58. The structure of the earliest Indian tem- 
ples was extremely simple. Pyramidal, and of large 
dimensions, they had no light but that which the 
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this sort at Deogur and at a spot near Tanjore, in 
the Carnatic. In proportion, however, to the pro- 
gress of the country in opulence and refinement, their 
sacred buildings became highly ornamented, and must 
be considered as monuments exhibiting a high de- 
gree of civilisation of the people by whom they were 
erected. Very highly finished pagodas, of great an- 
tiquity, are found in different parts of Hindostan, and 
particularly in its southern districts, where they were 
not subjected to the destructive fury of Mahometan 
zeal. To assist the reader in forming a notion of the 
style of the architecture whereof we are treating, we here place before him a diagram (Jig. 40.) 

of part of the pagoda at Chillambaram, near Porto Novo, on the Coro- 
mandel coast ; one which is, on account of its antiquity, held in great 
veneration. The monument would be perhaps more properly described 
as a cluster of pagodas, enclose in a rectangular space 1332 ft. in 
length, and 936 ft. in width, whose walls are 30 ft. in height, and 
7 ft. in thickness, each side being provided with a highly deco- 
rated frustum of a pyramid over an entrance gateway. The large 
enclosure is subdivided into four subordinate ones, whereof the cen- 
tral one, surrounded by a colonnade and steps, contains a piscina 
or basin for puriBcation. That on the southern side forms a cloister 
enclosing three contiguous temples called Chabeiy lighted only by 
their doors and by lamps. The court on the west is also claustral, 
having in the middle an open portico, consisting of one hundred 
columns, whose roof is formed by large blocks of stone. The last 
is a square court with a temple and piscina, to which is given the 
name of the Stream of Eternal Joy. To the temple is attached 
a portico of thirty-six columns, in four parallel ranks, whose cen- 
tral intercolumniation is twice the width of those at the sides, and 
in the centre, on a platform, is the statue of the Bull Nundu. It 
is lighted artificially with lamps, which are kept constantly burn- 
ing, and is much decorated with sculpture. The central inclosure, 
on its eastern side, has a temple raised on a platform, in length 224 
ft., and in width 64 ft., having a portico in front, consisting of a vast 
number of columns 30 ft. high ; at the end of it a square vestibule 
is constructed with four portals, one whereof in the middle leads to 
the sanctuary, named Nerta Chabeiy or Temple of Joy and Eternity, 
the altar being at the end of it. The temple is much decorated with 
sculpture, representing the divinities of India. The pilaster Jig. 41. 
is placed at the sides of the door of the Nerta Chabeiy and is extremely 
curious ; but the most singular object about the building is a chain of 
granite carved out of the rock, attached to the pilasters, and supported 
at four other points in the face of the rock so as to form festoons, 
llie links are about 3ft. long, and the whole length of the chain is 146 ft. The pyramids 
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above mentioned, which stand over the entrances of the outer enclosure, rise from rectangular 
• , bases, and consist of several 

floors. The passage through 
them is level with the ground. 

59. A very beautiful ex- 
ample of the Indian pagoda 
exists at Tanjore, which we 
here insert 42.). 

60. One of the largest tem- 
ples known is that on the small 
island Seringham, near Trichi- 
nopoly, on the Coromandel 
coast. It is situate about a mile 
from the western extremity of 
the island, and is thus described 
by Sonnerat. It is composed 
of seven square enclosures, one 
within the other, the walls 

'riiese enclc^ures are 350 ft. distant from one an- 
other, and each has four large gates with a high 
tower; which are placed, one in the middle of 
each side of the enclosure, and opposite to the four 
4'r^ Cl' cardinal noints. The outward wall is near four 

south 
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wliereof are 25 ft. high, and 4 ft. thick. 
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of the temple at this place {Jig- 44.). 


pels. Al>out half a mile to the east of Sering- 
ham, and nearer to the river Caveri than the 
■ bv' Coleroon, is another large pagoda, called Jembi- 
• kisma, but this has only one enclosure. The 
extreme veneration in which Seringham is held 
arises from a belief that it contains that identical 
image of the god Vishnu which used to be wor- 
shipped by Brahma. 

61. We shall conclude this section with some 
observations on Tchoultry (or lun) at Madurali 
{Jig. 43.). Its effect is quite theatrical, and its 
. perfect symmetry gives it the appearance of a work 
fjjlL gi'eat art, and of greater skill in composition 
^ than most other Indian works. Yet an examination 
'L*' \ details, and particularly of the system of 

^ — • corbelling over, destroys the charm which a first 
glance at it creates. In it, the ornaments which 
in Grecian architecture are so well applied and 
balanced, seem more the work of chance than of 
consideration. We here insert an external view 
The essentia! differences between Indian and Egyp- 
tian architecture, in connection 
with the sculpture applied to 
them, have been well given 
in the Encyclopedic Methodique, 
and we shall here subjoin them. 
In Egypt, the principal forms 
of the building and its parts 
preponderate, inasmuch as the 
hieroglyphics with which they 
are covered never interfere 
with the general forms, nor in- 
jure the effect of the whole ; in 
India, the principal form is 
lost in the ornaments which 
divide and decompose it. In 
that which is essential 
predominates; in India, you 
are lost in the multitude of 
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accessories. In the Egyptian architecture, even the smallest edifices are grand ; in that 
of India, the infinite subdivision into parts gives an air of littleness to the largest build- 
ings. In Egypt, solidity is carried to the extreme ; in India, there is not the slightest 
appearance of it. 


Sect. VII. ^ 

EGYPTIAN ARCHITECTURE. 

62. We propose to consider the architecture of Egypt — First, in respect of the physical, 
political, and moral causes which affected it. Secondly, in respect of its analysis and deve- 
lopment. Thirdly, and lastly, in respect of the taste, style, and character which it exhibits. 

63. I. In our introduction, we have alluded to the three states of life which even in 
the present day distinguish different nations of the earth — hunters, shepherds, and agri- 
culturists ; in the second class whereof are included those whose subsistence is on the pro- 
duce of the waters, which was most probably the principal food of the earliest inhabitants 
of Egypt. Seated on the banks of a river whose name almost implies fertility, they would 
have been able to live on the supply it afforded for a long period before it was necessary to 
resort to the labours of agriculture. In such a state of existence nothing appears more pro- 
bable than that they should have availed themselves of the most obvious shelter which nature 
afforded against the extremes of heat and cold, namely, the cavern ; which, consisting of tufo 
and a species of white soft stone, was easily enlarged or formed to meet their wants. Certain 
it is, that at a very early period the Egyptians were extremely skilful in working stone, an 
art which at a later time they carried to a perfection which has never been surpassed. As 
the Tyrians, Sidonians, and other inhabitants of Palestine were, owing to the material 
which their cedar forests alforded, dexterous in joinery, so the Egyptians received an im- 
pulse in the style of their works from an abun^nce of the stone of all sorts which their 
quarries produced. Subterranean apartments, it will be said, are found in other countries ; 
but they will mostly, India excepted, be found to be the remains of abandoned quarrries, 
exhibiting no traces of architecture, nor places for dwelling. Egypt, on the contrary, from 
time immemorial, was accustomed to hollow out rocks for habitation. Pliny (lib. xxxvi. 
c. 13.) tells us, that the great Labyrinth consisted of immense excavations of this sort. 
Such were the subterranean chambers of Biban el Melook, those which have in the 
present day received the name of the Liabyrinth, and many others, which were not likely to 
have been tombs. When the finished and later monuments of a people resemble their first 
essays, it is easy to recognise the influential causes from which they result. Thus, in 
Egyptian architecture, every thing points to its origin. Its simplicity, not to say monotony, 
its extreme solidity, almost heaviness, form its principal characters. Then the want of 
profile and paucity of members, the small projection of its mouldings, the absence of aper- 
tures, the enormous diameter of the columns employed, much resembling the pillars left in 
quarries for support, the pyramidal form of the doors, the omission of roo& and pediments, 
the ignorance of the arch (which we believe to have been unknown, though we are aware 
that a late traveller of great intelligence is of a different opinion), — all enable us to recur to 
the type with which we have set out. If we pursue this investigation, we do not discover 
timber as an element in Egyptian com{^itions, whilst in Grecian architecture, the types 
certrinly do point to that material. It is not necessary to inquire whether the people had 
or had not tents or houses in which timber was used for beams or for support, since the 
character of their architecture is specially influenced by the exclusive use of stone as a • 
material ; and however the form of some of their columns may not seem to bear out the 
hypothesis (such, for instance, as are shaped into bundles of reeds with imitations of 
pWts in the capitals), all the upper parts are constructed without reference to any other 
than stone construction. It is, moreover, well known that Egypt was extremely bare of 
wood, and especially of such as was suited for building. 

64. The climate of Egypt was, doubtless, one great cause of the subterranean style, as it 

must be in the original architecture of every nation. Materials so well adapted to the 
construction it induced, furnishing supports incapable of being crushed, and single blocks 
of stone which dispensed with all carpentry in roofs or coverings, a purity of air and even- 
ness of temperature which admitted the greatest simplicity of construction from the absence 
of all necessity to provide against the inclemency of seasons, and which permitted the in- 
scription of hieroglyphics even on soft stone without the fear of their disappearance, ^all 

these concurred in forming the character of their stupendous edifices, and stimulated them 
in the development of the art. 

65. The monarchical government, certainly the most favourable to the construction of 
great monuments, appears to have existed in Egypt from time immemorial. The most 
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important edifices with which history or their ruins have made us acquainted, were raised 
under monarchies ; and we scarcely need cite any other than the ruins of Persepolis, of 
which an account is given in a previous section, to prove the assertion : these, in point of 
extent, exceed all that Egypt or Greece produced. Indeed, the latter nation sought beauty 
of form rather than immense edifices ; and Rome, until its citizens equalled kings in their 
wealth, had no monuments worthy to he remembered by the historian, or transmitted as 
models to the artist. 

66. Not the least important of the causes that combined in the erection of their monu- 
ments was the extraordinary population of Egypt : and though we may not perhaps entirely 
rely on the wonderful number of twenty thousand cities, which old historians have said 
were seated within its boundaries, it is past question that the country was favourable to the 
rearing and maintenance of an immense population. As in China at the present day, there 
appears in Egypt to have been a redundant population, which was doubtless employed in 
the public works of the country, in which the workman received no other remuneration 
than his food. 

67. The Egyptian monarchs appear to have gratified their ambition as much in the pro- 
vision for their own reception after this life as during their continuance in it. If we except the 
Memnonium, and what is called the Labyrinth at Memphis, temples and tombs are all that 
remain of their architectural works. Diodorus says, that the kings of Egypt spent those 
enormous sums on their sepulchres which other kings expend on palaces. 'Lhey considered 
that the frailty of the body during life ought not to he provided with more than necessary pro- 
tection from the seasons, and that the palace was nothing more than an inn, which at their 
death the successor would in his turn inhabit, but tliat the tomb was their eternal dwell- 
ing, and sacred to themselves alone. Hence they spared no expense in erecting indestruc- 
tible edifices for their reception after death. Against the violation of the tomb it seems 
to have been a great object with them to provide, and doubts have existed on the minds of 
some whether the body was, after all, deposited in the pyramids, which have been thought 
to be enormous cenotaphs, and that the body was in some subterraneous and neighbouring 
spot. Other writers pretend that the pyramids were not tombs, assigning to them certain 
mystic or astronomical destinations. There are, however, too many circumstances contra- 
dictory of such an assumption to allow us to give it the least credit ; and there is little im- 
propriety in calling them sepulchral monuments, whether or not the bodies of the monarchs 
were ever deposited in them. The religion of Egypt, though not so fruitful, perhaps, as 
that of Greece in the production of a great numl>er of temples, did not fail to engender an 
abundant supply. The priesthood was powerful and the rites unchangeable : a mysterious 
authority prevailed in its ceremonies and outward forms. The temples of the country are 
impressed with mystery, on which the religion was based. Here, indeed, Secresy was deified 
in the person of Harpocrates ; and, according to Plutarch ( De hide), the sphinx, which deco- 
rated the entrances of their temples, signified that mystery and emblem were engrafted on 
their theology. Numerous doors closed the succession of apartments in the temples, leaving 
the holy place itself to be seen only at a great distance. This was of little extent, con- 
taining merely a living idol, or the representation of one. The larger portion of the 
temple was laid out for the reception of the priests, and disposed in galleries, porticoes, and 
vestibules. With few and unimportant variations, the greatest similarity and uniformity is 
observable in their temples, in plan, in elevation, and in general form, as well as in the 
details of their ornaments. In no country was the connection between religion and 
architecture closer than in Egypt, and as the conceptions and execution in architecture are 
dependent on the other arts, we will here briefly examine the influence which the religion 
of the country had upon them. 

68. Painting and sculpture are not only intimately connected with architecture through the 
*embelUshments they are capable of affording to it, but are handmaids at her service in what 

depends upon taste, upon the principles of beauty, upon the laws of proportion, upon the pre- 
servation of character, and in various other respects. Nature, in one sense, is the model upon 
which architecture is founded ; not as a subject of imitation, but as presenting for imitation 
principles of the harmony, proportion, effect, and beauty, for which the arts generally are 
indebted to nature. We think it was Madame de Stael who said that architecture was 
frozen music. Now, though in architecture, as in the other arts, there is no sensible imi- 
tation of nature, yet by a study of her mode of operating, it may be tempered and modified 
so as to give it the power of language and the sublimity of poetry. In respect of the con- 
nection of the art with sculpture, little need be smd : in a material light, architecture is but 
a sculptured production, and its beauty in every country is in an exact ratio with the skill 
which is exhibited in the use of the chisel. Facts, however, which are worth more than 
arguments, prove that as is the state of architecture in a country, so is that of the other arts. 
Two things prevented the arts of imitation beingcanied beyond a certain point in the country 
under our consideration; the first was political, the other religious. The first essays of 
art are subjects of veneration in all societies ; and when, as in Egypt, all change was for- 
bidden, and a constant and inviolable respect was entertained for that which had existed l>e- 
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fore, when all its institutions tended to preserve social order as established, and to discourage 
and forbid all innovation, the duration of a style was doomed to become eternal. Religion, 
however, alone, was capable of effecting the same object, and of restraining within certain 
bounds the imitative faculty, by the preservation of types and primitive conventional signs 
for the hieroglyphic language, which, from the sacred purposes for which it was employed, 
soon acquired an authority from which no individual would dare to deviate by an improve- 
ment of the forms under which it had appeared. Plato observes, that no change took 
pl^e in painting among the Egyptians ; but that it was the same, neither better nor worse, 
than it had been ages before his time. SKon-ojy 5* evprjtreis avrodt ra fivpuxTToy eros yeyfMfjL- 
fitya, yj r€rvTrufi€va (oux fivpioaroy, aW* ovrtus) rwy vvv 8€SrffUOvpyri(x€yoi)y ovt€ 

rt icoXAiova, ovt aurx^^* avnjv 5^ airfipycurfieveu — De Legihus, lib. iL 

69. Uniformity of plan characterises all their works ; they never deviated from the right 
line and square. ** Les Egyptiens,” observes M. Caylus ** ne nous ont laisse aucun monu- 
ment public dont I’elevation ait ete circulaire.” Hie uniformity of their elevations is still 
more striking. Neither division of parts, contrast, nor effect is visible. All this necessarily 
r^ulted from the political and reli^ous institutions whereof we have been speaking. 

70. II. In analysing the architecture of Egypt, three points offer themselves for consider- 
ation, — construction, form, and decoration. In construction, if solidity be a merit, no 
nation has equalled them. Notwithstanding the continued effect of time upon the edifices 
of the country, they still seem calculated for a duration equally long as that of the globe 
itself. The materials employed upon them were well adapted to insure a defiance of all 
that age could effect against them. The most abundant material is what the ancients 
called the Thebaic granite. Large quarries of it were seated near the Nile in Upper 
Egypt, between the first cataract and the town of Assouan, now Syene. The whole of the 
country to the east, the islands, and the bed of the Nile itself, are of this red granite, 
whereof were formed the obelisks, colossal statues, and columns of their temples. Blocks 
of dimensions surprisingly large were obtained from these quarries. Basalt, marble, free- 
stone, and alabaster were found beyond all limit compared with the purposes for which they 
were wanted. 

71. We have already observed, that Egypt was deficient in timber, and especially that sort 
proper for building. There are some forests of palm trees on the Lybian side, near 
Dendera (Tentyris) ; but the soil is little suited to the growth of timber. Next in quantity 
to the palm is the acacia ; the olive is rare. With the exception of the palm tree, there is 
none suited for architectural use. The oak is not to be found ; and that, as well as the fir 
which the present inhabitants use, is Imported from Arabia. Diodorus says, that the early 
inhabitants used canes and reeds interwoven and plastered with mud for their huts ; but he 
confines this practice to the country away from towns, in which, from fragments that have 
been found, we may infer that brick was the material in most common use. 

72. Bricks dried in the sun were employed even on large monuments ; but it is probable 
that these were originally freed either with stone or granite. The pyramids described by 
Pocock, called Ktoube el Meuschich, are composed of bricks, some of which are 1 3^ in. long, 
6^ in. wide, and 4 in. thick ; others 15 in. long, 7 in. wide, and 4^ in. thick. They are not 
united by cement, but in some instances cements of a bituminous nature were employed, 
and in others a mortar composed of lime or plaster and sand, of which it would seem that 
the second was exceedingly powerfiil as well as durable. 

73. The Egyptians arriv^ at the highest degree of skill in quarrying and working 
stone, as well as in afferwards giving it the most perfect polish. In their masonry they 
placed no reliance on the use of cramps, but rather on the nice adjustment of the stones 
to one another, on the avoidance of all frlse bearings, and the nice balance of all over- 
hanging weight. Of their mechanical skill the reader will form some idea by reference 
to volume iii. p. 328. of Wilkinson’s Manners and Customs of the Ancient Egyptians, from* 
a representation in a grotto at El Bersheh. A colossus on a sledge is therein pulled along 
by 172 men, but none of the mechanical powem seem to be called in to their assistance. 

“ The obelisks,” says Mr. Wilkinson, “ transported from the quarries of Syene to Thebes 
and Heliopolis, vary in siae from 70 to 93 ft. in length. They are of one single stone ; and 
the largest in Egypt, which is that at the great temple at Kamak, I calculate to weigh 
about 297 tons. This was brought about 138 miles from the quarry to where it now 
stands; and those taken to Heliopolis passed over a space of 800 miles.” Two colossi 
(one of them is the vocal Memnon), each of a single block 47 ft. in height, and contain- 
ing 11,500 cubic feet, are carved from stone not known within several days’ journey of the 
place ; and at the Memnonium is a colossal statue, which, when entire, weighed 887 
tons. We consider, however, the rmsing of the obelisks a far greater test of mechanical 
skill than the transport of these prodigious weights ; but into the mode they adopted we 
have no insight from any representations yet discovered. We can scarcely suppose that 
in the handling of the weights whereof we have spoken, they were unassisted by the me- 
chanical powers, although, as we have observed, no representations to warrant the conjecture 
have been brought to light. 
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Fit;. 4A. •BcruR* cw mAma or cnaon. 


74. Id the coi^truction of the pyramids it is manifest they would serve as their owu 
.—X scaffolds. The oldest monuments of Egypt of 

/ \ ^ which we below give a view, and a section of that of 

y \ the largest, called of Cheops 45.), are the py- 

/ \ ramids at Gizeh, to the north of Memphis. Mr. 

/ '\ Wilkinson supposes them to have been erected by 

/ \ Suphis and Jeusuphis his brother, 2120 years b. c., 

/ \ that is, previous by nearly 400 years to the entrance 

• / \ of Joseph into Egypt ; but the same author ad- 

mits that, previous to the reign of Osirtasen, 
1740 B. c., there is nothing to guide any one 
with certainty as to dates. The edifice 
46. ), however, more commonly known by the 
names of Cheops, Cephrenes, and Mycerinus, are 
extraordinary for their size and the cmisequent 
labour bestowed upon them ; but as works of the art they are of no further importance 
_ than being a link in the cbmn of 

- ^ 7 Jj- its history. They are constructed 

^ ^ of stone from the neighbouring 

i"* . . ^ mountains, and are in steps, of 

which in the largest there are two 
hundred and eight, varying in 
height from 2^ ft. (French) to 4 
ft., decreasing in height as they 
rise towards the summit. Their 
width diminishes in the same pro- 
portion, so that a line drawn from 
the base to the summit touches the 
edge of each step. So great a 
didferenee in the measures by different authors appears, that we here subjoin those of the 
pyramid of Cheops : ~ 



Fij5.46. 


PVBAMID9 OP OiZSM. 


A^agutrss 

Herodotus » 
Strabo 
Diodorus • 
Sandys • 

BeUooius • 
Greaves • 

Le Bruyn • 
Prosper Alpinua - 


Length 
qfhasct 
800 Or. ft. 
600 — 
700 - 

900 paces 
324 

693 Eng. ft. 
750 — 

799 — 


• • 852 Eng. ft. 


307 


499 

656 


Autlwrt. 

Thevenot • 
Niebuhr 
ChaselleB - 
M»ileC 
Focock 
Belon 
Froich Engineers 


l^ength 

737 Eng. ft 
757 — 

751 — 


Height. 


Ko.qf 
steps. 

208 554 Eng. ft. 
.469 — 

. 498 — 


212 

250 


- 477 


Mr Perring, a recent traveller, in respect of the proportions of the great pyramid, has en- 
deavoured to prove that the unit of Egyptian measurement is an ell equal to 1 *719 English 
feet, and that it is expressed a certain number of times without remainder in a correct 
measurement of the pyramids of Gizeb. Thus, he says, the perpendicular height of the 
great pyramid is exactly 280 of such ells, the base 448 ; and that ^ base ! perpendicular 
height : : slant height I ^ base. Upon the top thereof is a platform 32 ft. square, consisting 
of nine large stones, each about a ton in weight, though inferior in that respect to others in 
the edifice, which vary from 5 ft. to SO ft. in length, and from 3 ft. to 4 ft. in height. From 
this platform Dr. Clarke saw the pyramids of S^cara to the south, and on the east of them 
smaller monuments of the same kind nearer to the Nile. He remarked, moreover, an appear- 
ance of ruins which might be traced the whole way from the pyramid of Gizeh to those of 
Saccara, as if the whole bad once constituted one great city, '^e stones of the platform are 
soft limestone, a little harder and more compact than what in England is called duncK The 

pyramids are built with common mortar ex- 
ternally, but no appearance of mortar can 
be discerned in the more perfect parts of 
the masonry. The feces of the pyramid 
are directed to the four cardinal points. 
The entrance is in the north front, and 
the passage to the central chamber is 
shown on the preceding section. That 
in the pyramid of Cephrenes {fig. 47.) 
is thus described by Belzoni : — ITie first 
passage is built of granite, the rest are cut 
out of the natural sandstone rock which 
swruMCB to TM tEcoRD mtAMts. Hses abovc the level of the basts of the 

pyramid. This {^ssage is 104 ft. long, 4 ft. fai^y and 3 ft. 6 in. wide ; descending at an 
angle of 26 degrees : at the bottom is a portcullis, beyond which is a horizontal pas^ge 
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of the same height as the first, and at the dbtauce of 22 ft. it descends in a different 
dir^ion, leading to some passages below. Hence it re-ascends towards the centre of tlie 
pyramid by a gallery 84 ft. long, 6 ft. high, and 3 ft. 6 in. wide, leading to a chamber also 
cut out of the solid rock. The chamber is 46 ft. in length, 1 6 leet wide, and 23 R. 6. in. in 
height, and contained a sarcophagus of granite 8 ft. long, 3 ft. 6. in. wide, and 2 R. 3 in. 
deep in the inside. Returning from the chamber to the bottom of the gallery a passage de- 
scends at an angle of 26 degrees to the extent of 48 R. 6 in., when it takes a horizontal direc- 
tion for a length of 55 R. ; it then again ascends at the same angle and proceeds to the 
base of the pyramid, where another entrance ^ formed from the outside. Abou^the 
middle of the horizontal passage there is a descent into another chamber, which is 32 R. 
long, 10 R. wide, and 8 R. 6 in. high. The dimensions of this pyramid, as given by 
Denon, are a base of 655 R. and a height of 398 R. Those of the pyramid of Mycerinus 
are a base of 280 R., and a height of 162 R. The pyramids of Saccara, which are as many 
as twenty in number, vary in form, dimensions, mid construction. They extend five miles to 
the north and south of the village of Saccara. Some of them are rounded at the top, and 
resemble hillocks cased with stone. One is constructed with steps like that of Cheops. They 
are six in number, each 25 R. high, and HR. wide The height of one in the group is 1 50 R. 
Another, built also in steps, is supposed to be as high as that of Cheops. The stones whereof 
they are composed are much decayed, and more crumbling than those of Gizeh ; hence they 
are consideied older. One of them is formed of unbumt bricks, containing shells, 
gravel, and chopped straw, and is in a very mouldering state. About 300 paces from the 

%cond pyramid stands the extraordinary gi- 
gantic statue of the Sphinx (Jig. 48.), whose 
length from the fore-part to the tail has been 
found to be 125 R. Belzoni cleared away 
the sand, and found a temple held between 
the legs and another in one of its paws. 
According to Denon, the antiquity of the 
Egyptian temples may be comparatively deter- 
mined from their size ; the larger ones being 
posterior to the smaller. Since, however, the 
wonderful insight we have obtained into the 
me^oing of the hieroglyphics, more accurate 
information than we before possessed may be 
gained on that point by reference to Mr. (now 
Sir Gardiner) Wilkinson’s works on Egypt and 
Thebes. A spirit of simplicity, grandeur, and 
solidity reigns through the whole of them, and every precaution seems to have been taken 
to render them etemi. The walls by which they are enclosed are found sometimes 26 ft, in 
thickness, and those of the entrance gate of a temple at Thebes are as much as 53 R. thick 
at their base, and are composed of blocks of enormous size. The masonry employed is that 
called by the Greeks emplectum (efi-wMiCToy'), all filling in of an inferior or rubble work 
being discarded. They are masses of nicely squared amd fitted stones, and are built exter- 
nally with a slope like the walls of a modem fortification. The columns are absolutely 
necessary for the support of the ceilings, which consist of large blocks of stone, and 
tl^efore of few diameters in height. Sometimes they are in a single piece, as at Thebes 
and Tentyris. The stones of which the ceilings are composed are usually, according to 
Pococke, 14 R. long, and 5^ R. in breadth, but some run much larger. 

75. Before adverting to the form and disposition of the Egyptian temple, we think it here 
nec^sary to notice the recent discovery of an arch in a tomb at Saccara, said to be of the 
tiime of Fsammedcus II., and of one also at Tbebes in the remains of a crude brick 
pyramid. (See WUkinwrCa Cuatomiofihe Ancient Egyptians, vol. iu. p. 263. 321.) That 
exlubited in the tomb of Saccara, from the vignette ^ven, is clearly nothing hut a lining of 
the rock, and is, if truly represented in the plate, incapable of bearing weight, which is the 
office of an arch. That, however, at Thebes, to which Mr. W. assigns the date of 1500 
B.C., with every r^pect for his great information on the subject, and with much deference 
to his judgment, not having ourselves seen it, we cannot easily believe to be of such anti- 
quity. Its appearance is so tmly Roman, that we must be permitted to doubt the truth of 
his coiijecture. We are, moreover, fortified in the opinion we entertain by the principles 
cm which the style of Egyptian arcdiitecture ^ found^ which are totally at v^iam% with 
the use of the arch. We have ventured to transfer this (Jig. 49.) to our pages, that the 
reader may fimn a judgment on the subject, as well as ourselves. We will only add, that 
the reascms assigned by Mr. W. for the Egyptians not preferring such a mo^ of con- 
stnicticm as the arch, b^use of the difficulty of repriring it when injured, and the con- 
sequences attend!^ the decay of a single block, are not of any weight with us, because, 
practically, there is an easy mode of ^complishing such repair. And, again, the argu- 
meat that the superincumbent weight applied to an arch in such a case as that before 
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ns will not hold good, inasmuch as the balance on the back of each course would almost pre- 
serve the opening without any arch at all. 

76. The form and disposition of the 
Egyptian temple seem to have been 
founded on immutable rules. The only 
points wherein they differ from one an- 
other are in the number of their subdivi- 
sions and their extent, as the city for 
which they served was more or less rich. 
Unlike the temples of the Greeks and 
Romans, whose parts were governed by 
the adoption of one of the orders, and 
whose whole, taken in at a single glance, 
could be measured from any one of its 
THBBEs. parts : those of Egypt were an assemblage 

of porticoes, courts, vestibules, galleries, apartments, communicating with each other, and 
surrounded with walls. Strabo, in his 17th book, thus describes the temples in question. 
“ At the entrance of the consecratea spot the ground is paved to the width of 100 ft. 
(wA.edpop) or less, and in length three or four times its width, and in some places even more. 
This is odied the court course) ; thus Callimachus uses'the words — 

'O &UT0S A|r«bC<9a;. 

Throughout the whole length beyond this on each side of the width, are placed sphinxes of 
stone, 20 cubits or more distant from one another, one row being on the right, and the other 
on the left. Beyond the sphinxes is a great vestibule (wpoTTvAop), then a further one, and 
beyond this another. The number, however, of the sphinxes, as of the vestibules, is not 
always the same, but varies according to the length and breadth of the course. Beyond 

the vestibules (irporuXeua) is the temple (pews), having 
a very large porch (irpopoos), which is worthy to be 
recorded. The chapel (<r»jAos) is small, and without 
a statue ; or, if there be one, it is not of human form, 
but that of some beast. The porch on each side has 
a wing (iTTcpa) ; these consist of two walls as high as 
the temple itself, distant from each other at the bottom 
a little more than the width of the foundations of the 
temple, then they incline towards each other, rising to 
the height of 50 or 60 cubits. These walls are 
sculptured with large figures, similar to those which 
are to be seen in the works of the Etruscans and 
ancient Greeks.” This account is not at ail exagger- 
ated, as we shall immediately show by the introduction 
in this place of the plan, section, and elevation of the 
celebrated temple at Apollonopolis Magna, between 
Thebes and the first cataract, which, though, as we 
learn from the deciphering in these days, the hiero- 
glyphics upon it are not of the time of the Pharaohs, 
seems admirably calculated to give the reader almost 
all the information necessary for understanding the 
subject. This will, moreover, so much more fiiUy 
explsun it than words, that we shall not need to do more 
than afterwards come to some recital of the detmls. 

77. This edifice, seated near Edfou, about twenty 
miles south of Thebes, is one of the Ingest in Egypt, 
and is comparatively in good preservation. Its form is 
rectangular, and its general dimensions 450 ft. by 140 ft. 
{/ig. 50.) In the centre of one of the short sides is the 
entrance, which consists erf two buildings, each 100 ft. 

, , long, and 32 ft. in width ; both pyramidal in foim, and 

Fig. 50. n.4N or mpu at atoi.i.okopotjs magna. lying in the same direction, but separated by a passage 
20 ft, in width, with a doorway at each extremity. This passage conducts us to a qua- 
drangle 140ft. long, and 120 ft. wide, flanked by twelve columns on each side, and eight 
more on the entrance side, all standing a few feet within the walls, and thus forming 
a colonnade round three sides covered by a fiat roof A view of a portion of it is given in 
^g, 54, At the further end of the quadrangle (which rises by corded steps) opposite to 
the entrance, is a portico extending the whole breadth of the quadrangle, and 45 ft. 
in depth. It has three rmiks of columns, con^ning six in each rank, is covered by a flat 
TOo^ and is enclosed by walls on three sides, the fourth, or that opposite the entrance, 
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being open. This is, howeser, closed breast high by a species of pedestals half inserted 
in the columns, and in the central intercolumniation a doorway is constructed with piers, 
over which are a lintel and cornice cut through. From this portico a doorway leads 
to an inner vestibule, in which are three ranks of four columns eiwh, smaller than those 
first described, but istributcd in the same way. Beyond this, in Cousin’s plan, are 
sundry apartments, with staircases and passages, whereof the smaller central one was 
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doubtless the celL F^g. 51. is a longitudinal section. Fig. 52. is the elevation. We 
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may here add, that tliere is so little difference betw^een the earlier and later speci- 
mens of Egyptian architecture, that though, as we have hinted, this is of the latter, it 

will convey a pretty correct know- 
ledge of all. The general appear- 
ance of the temple is given in Jig, 
53., and a view of the interior in 
fig, 54. The plan of the Egyptian 
temple is always uniform, symme- 
trical, and rectangular. Its most 
brilliant feature is the great num- 
ber of columns employed, in which 
is displayed a prodigality unap- 
proached by any other nation. This, 
however, was induced by the ne- 
cessity for employing blocl^ of stone 
for the ceilings or roo&. The 
greatest irregularity occurring in any 
of the plans known, is in that at the 
Fig. V.RW OP ^ {^Jig. 55. ), and it 

U very evident that the cau.se v’as the shape of the ground on which it is placed. The in- 
. \ ' tercolumniatioDs were very small, 

\ \ ‘ rarely exceeding a diameter, or one 

diameter and a half of the column. 
We know of no ^>ecimens of pe- 
ripteral temples rimilar to those of 
C^eece, that is, those in which 
the cell is surrounded by columns. 
Jn the elevations of those of Egypt, 
the spirit and character of their 
architecture is more particularly 
The repetition of the same forms is carried to 


Pig. 55. 

developed. But they are monotmious. 

^ utmost pitch of tolerance. The pyramidal f<»m prevails in all the combinations, whether 
in walls, doors, ^imral masses, or detuls. In considering the principal parts of the eleva- 
tions, the first ^ture that presents itself is the column, which we i^l notice without its 
attendant base and capital. If it were possible to establish a system relative to their inven- 
tion and sUb^tt^it perfieetion, we might easily arrange them in distinct classes, principally as 
respects their dectNration ; but as &r as regards general form, the Egyptian column may be 
reduced to two v^ieties, tlw cbcular and polygonal. The first are cff two sorts. Some 
are fimnd quite plain or smooth, but ornamented with hieroglyphics (see Jig, 56.). Some 
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are composed with ranges of horizontal circles, and look, like an assoitiblage of bundles 
of rods tied together at intervals The only difference among those 
columns which are circular and plain is in their having hierogly- 
phics, or not. Of the second sort there are many varieties, of which 
we here present three specimens 57.). They have tljc appear- 
ance of being bound together by hoops, like barrels. These are usually 
in three rows with four or five divisions in each ; but these arrange- 
ments seem to have been subject to no certain laws. The species of 
columns in question is certainly curious, and appears based upon the 
imitation of stems of trees bound together, so as out of a number to 
form one strong post. It seems scarcely possible that they could 
have had their origin in mere whim or caprice. Many polygonal 
columns are to be found in Egypt. Some square specimens are to 
be seen in the grottos at Thebes cut out of the rock itself. Simi- 
at the entrance of the sanctuary of a temple in the same city. Hexa- 
gonal ones are described by Norden, and Pocock mentions one of a 
form triangular on the plan. We do not at present remember any 
fluted specimen, except in the tombs of Beni-llassan, of which a 
representation will be given in the section on Grecian architecture. 
Their character is shortness and tluckness. They vary from three to 
eleven feet in diameter, the last dimension being the largest diameter 
‘ ■ that Pocock observed, as in height the tallest was forty feet. Such 

were some of those he measured at Carnac and Luxor, but this he gives only as an ap- 
proximation from the circumstance of so much of them being buried in the earth. 

78. Pilasters, properly so called, are not found in Egyptian architecture. The base of 
the column, when it appears, is extremely simple in its form. Among the representations 
in Denon’s work is one in which the base is in the shape of an inverted ogee. It belongs 
to a column of one of the buildings at Tentyris. 

79. In their capitals, the Egyptians exhibited great variety of form. They may, how- 
ever, be reduced to three species, — the square, the vase-formed, and the 
swelled. The first {fig. 58.) is nothing more than a simple abacus, merely 
placed on the top of the shaft of the column, to which it is not joined by the 
intervention of any moulding. Tliis abacus is, however, sometimes high 
enough to admit of a head being sculptured thereon, as in the annexed 
block. It does not appear, as in Grecian architecture, that in that of Egypt 
differently proportioned and formed columns had different capitals a.ssigned 
to them. The notion of imparting expression to architecture by a choice of 
forms of different nature, and more or less complicated according to the 
character of an order, was unknown in Egypt. It was an architectural 
language which the people knew not. The vase-shaped capital {fig. 59.) 
is variously modified: sometimes it occurs quite plain ; in other cases it is 

differently decorated, of which we here give two examples. It certainly has all the appear- 
ance of having afforded the first hint for the 
bell of the Corinthian capital. The third 
or swelled capital is also found in many 
\arieties; but if the form be not founded 
on that of the bud of a tree, we scarcely 
know wherein its original type is to be 
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sought. Two examples of it are here appended. 

80. The entablature, for such ( however unlike it be to the same thing in the architecture 

of Greece) we suppose we must call the massive 
loading placed on the walls and columns of 
' ancient Egypt, is very little subdivided. The 
II I, .f’-. upper part of it, which we may call the cornice, 
*"■ ' ’ ■ * ' ’ ’ having a large concave 
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projects considerably, 




member, in some cases consisting of ornaments 

’ representing a series of reeds parallel to each 

Fig. 60. E-NTABiATuRK. othcr from top to bottom; in other cases in 

groups of three or six in a group, the intervals between them being sculptured with winged 
globes, as on the portico of the temple at Tentyris, given in fig. 60. Sculptures of 
animals, winged globes, and scarahEci, are the almost constant decorations placed on what 
may be called the architrave of the Egyptian temple. Of the winged globe, usually 
found on the centre of it, as also of the great concave cornice, 61. is a representation. 

We close our observations on the cor- 
y niccs of the Egyptian temple by request- 
ing the reader, if he have the smallest 
doubt on the common origin of the archi- 
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tectures of Egypt and PersepoUs, to refer to Jig. 26., where he will find a precisely 
similar use of the great cavetto which crowned the buildings of both countries. The 
writer who, in the Description Ahreg^e des Monumens de la Haute Egypt, has .found that 
this great curve is borrowed from the bending leaves of the p^m tree, has mistaken the 
elements of decoration for substantial constructive art, and has forgotten that the first object 
follows long after the latter. But we doubt if he really meant what his words import. The 
ceilings of Egypt are invariably monotonous. The non-use of the arch, whereon we have 
touched in a preceding page, and the blocks of stone which the country afforded, allowed 
little scope for display of varied form. In the colonnades of the country, architraves of st^e 
rest on the columns (see Jig. 54.), on which transversely are placed those which actually 
form the ceilings, just like the floor boards of a modern economical English building. On 
them are often found some of the most interesting representations that are in existence : 
we allude to those of the zodiacal constellations disposed circularly about the centre of the 
apartments in which they are placed, 'fhough nothing has been deduced from these to 
satisfy us on the date of their continent buildings, they are not the less unworthy of 
further investigation, which, however, it is not our province here to pursue. 

81. The gates and portals of the Egyptian temples were either placed, as at Carnac 

and Luxor (^Jigs. 62. and 63.), in 
masses of masonry, or between 
columns, as already noticed, in- 
clined upwards, having generally 
a reed moulding round them, and 
the whole crowned with a large 
cavetto. They were plentifully co- 
vered with hieroglyphics 5 fre- 
quently fronted by a pair of obe- 
lisks; and on their sides were placed 
staircases of very simple construc- 
tion, leading to platforms on their 
summits. It is now difficult to 
account for the extraordinary la- 
hour bestowed on these masses of 
masonry. More than pictorial ef- 
fect must have been the motive. 
The reader will, by turning back 
to ^g. 52., be equally surprised 
with ourselves when he contem- 
plates, in the gateway at the Tem- 
ple of Apollinopolis Magna, such 
The masses in these are always py- 
ramidal, and bear great resemblance to the 
gates of modern fortifications. Sometimes 
they are extremely simple, and do not rise so 
high as the adjacent buildings which flank 
them. Their thickness is enormous, some 
of them extending to the extraordinary depth 
of fifty feet. 

82. Windows were not frequently used. 

When they occur they are long small paral- 
lelograms, rarely ornamented, but splayed 
inside. Many of the apartments were with- • 

out windows at all. 

83. We have, in a previous page, alluded to 
the Pyramids ; to which we here add, that, 
whatever might have been their purpose, it is 
certmn that the form adopted in them — one 

that, among other people, was devoted to the purposes of sepulture — was of all architectural 
ferms that calculated to ensure durability, and was, moreover, well suited to the views of a 
nation which took extraordinary means to preserve the body after life, and expended large 
sums on their tombs. 

84. Orvamekt or Decoration may be conadered under two heads, — that which con- 
sists in objects foreign to the forms of the edifices themselves, such as statues, obelisks, 
&c. ; and that which is actually aflBxed to them, such as the carving on the friezes, bas- 
relief^ &c. 

85. The formar of these are remarkable for the size and beauty of the materials whereof 
they are composed. First for notice are their statues of colossal dimensions, which are mostly, 
if not always, in a sitting attitude. The two here given {Jig. 64. ) are from the Memnonium. 





• f()Ki 4T J IXOR. 


vast efforts developed on so apparently minor a point. 



Fig. 65. ECVmA^ PURTAI. at carxac. 
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They are generally isolat^d^ and placed on simple pedestals. The use of Caryatides, as 

they are called, perhaps improperly, in 
Egyptian architecture, if we may judge 
from remains, does not appear to have 
been very frequent. In the tomb of 
Osymandyas, we find, according to Dio- 
dorus, that there was a peristylium, 400 
feet square, supported by animals 16 
cubits high, each in one stone, instead 
of columns. The same author (vol. i. 
f. 56. ed. Wesseling), speaking of Psam- 
meticus, says, “ Having now obtained 
the whole kingdom, he built a pro- 
p,g (54. .CIO*,.,, pyliBum, on the east side of the temple, 

to the God at INIemplus ; which temple he encircled with a wall ; and in this propylasum, 
instead of columns, substituted colossal statues 12 cubits in height.” Statues of sphinxes 
in allies or avenu^ were u.sed for ornamenting the dromos of their temples. Of this species 
of ornament the ruins of Thebes present a magnificent example. They were placed on 
plinths facing one another, and about ten feet apart. Examples of lions also occur. The 
form of the Egyptian obelisks is too well known to need a description here. They have been 
alleged to be monuments consecrated to the sun. From the situation they often occupy, it 
is clear they were used neither as gnomons nor solar quadrants. 

86- Amongst the ornaments affixed to their 
buildings, or rather forming a part of them, 
the most frequent are hieroglyphics and bas-reliefs. 
The custom of cutting the former upon almost 
every building was, as we now find, for the pur- 
\ j pose of record; but it is neverthelesstobeconsi- 

• JU - '-1 dered as ornamental in effect. The figures that 

\ y. are sculptured on the walls of the temples are 

mostly in low relief, and t^e destitute of propor- 
I tion j and, when in groups, are devoid of senti- 
ment. Painting was another mode of decoration, 
Hie grottoes of the Thebaid, and other subter- 
ranean apartments, abound with pictures, not 
only of hieroglyphics, but of other subjects. But 
the taste of all these, either in drawing, colour- 

■ T ' ing, or composition, is not better than that of their 

-i-'fc r ^ I sculpture. (See an example in Jip. 65.') Yet in 

^ - — - — ' both these arts, from the precision with which 

'• .( they are cut and the uniformity of line and pro- 
Fi«. 0 .V PRusEXTATios ro OSIRIS. portion they exhibit, a certain effect is produced 

which is not altogether displeasing. 

87. The nympheea lotus, or water lily, seems to have been the type of much of the orna- 
ment used for the purpose of decoration. The leaf of the palm tree was another object of 
imitation, and is constantly found in the capitals of their columns. The use of the palm 
leaf in this situation may have been derived from a popular notion mentioned by Plutarch, 
( Symposiac, lib. vi. cap. 4. ), that the palm tree rose under any weight that was placed upon 
it, and even in proportion to the degree of depression it experienced. This supposed pe- 
culiarity is also mentioned by Aulus Gellius (lib. iii, cap. 6.). The reed of the Kile, 
with its head, enters into some combinations of ornament ; the former, indeed, collected 
in bundles, seems to have been the type of some of the species of their columns. In their 
entablatures and elsewhere, animals of all sorts occasionally find a place as ornaments, even 
down to fishes, which occur in a frieze at Assouan ; and, as we have before observed, there 
are few buildings of importance in which the winged globe does not appear as an orna- 
ment. 

88. Some observations on the taste, style, and character of Egyptian architecture, will 
conclude this section. If the type was, as we imagine, derived from the early subterranean 
edifices of the people, whose customs allowed of no change or improvement, we cannot be 
surprised at the great monotony that exists in all their monuments. The absence of variety 
in their profiles, by means of projecting and re-entering parts, of the use of the arch, of the 
inclined roof, and of all deviation from those shades of different developments, which 
impart character to a work of art, generated the monotony, the subject of our complaint. 
It cannot be denied that in those arts which have nature for their model, the artists of Egypt 
never sought excellence in true representation. Now architecture is so allied to the other 
arts, that the principles by which they were guided in these latter were carried through in 
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the former. It was impossible that the abstrac^t imitation of nature, which constitutes 
almost the essence of architecture, which is founded upon the most refined observations of 
the impressions of different objects on our senses, which indicates numberless experiments 
and successive trials, and which therefore requires the independence of the artist, could be 
developed in a country where the restrictions of religion and the spirit of routine became 
the dominant gemus of all the arts. In positive imitation, whose existence and principles 
have been already traced from grottoes and hollowed subterranean apartments, the types of 
Egyptian architecture were unsusceptible of variety, and very remote, from that which 
characterises invention. The monotony thence resulting was attended by another eSeq^, — 
that of endeavouring to correct it by a profusion of hieroglyphics. As to the other orna- 
ments employed, they seem to have flowed from caprice, both in selection and employment, 
resting on no fixed principles of necessity or fitness, nor subject to any laws but those of 
chance. The original forms, indeed, of Egyptian architecture, unfounded, like those of 
Greece, on a construction with timber, would not suggest the use of ornament. Nothing 
seemed fixed, nothing determined by natural types. We must, however, except some of 
their columns, which do appear to have been formed with some regard to imitation. 

89. In the architecture of Egypt we find great want of proportion, or that suitable ratio 
which the different parts of a body should bear to each other and to the whole. In all or- 
ganised beings, their parts so correspond, that, if the size of a single part be known, the 
whole is known. Nature has thus formed them for the sake of dependence on and aid to 
each other. In works of art, the nearer we approach a similar formation, the more refined 
and elegant will be its productions. Solidity is abused in the works of the Egyptians ; the 
means employed always seem greater than were necessary. This discovers another cause 
of their monotony. The masses of material which the country produced measured their 
efforts and conceptions, and their invention was exhausted by a very restricted number of 
combinations. Their monuments are doubtless admirable for their grandeur and solidity ; 
but the preponderance of the latter, when carried beyond certain bounds, becomes clumsi- 
ness ; art then disappears, and character becomes caricature. Though we think it useful 
thus to analyse Egyptian art, it must not be supposed that we are insensible to its imposing, 
and often picturesque, effect. It can never be revived, and our observations upon it must 
be understood as in comparison with Greek art, which has proved so susceptible of modi- 
fication that it is not ^ely to be abandoned in any part of the world where civilisation 
has appeared. 

90. Though the private dwellings of the Egyptians were not comparable with their pub- 
lic edifices, they were not altogether devoid of splendour. Examples of them from sculp- 
tures may be seen in Mr. Wilkinson’s work above quoted. In the towns they of course 
varied in size and plan. The streets were narrow and laid out with regularity ; and the 
mixture, as frequently met with in eastern towns, of large houses with low hovels, appears 
to have been avoided. In Thebes, the number of stories were, according to Diodorus, in 
some cases as much as four and five. Houses of small size were usually connected together, 
rarely exceeding two stories. They were regular in plan, the rooms usually occupying three 
sides of a court-yard, separated by a wall from the street ; or on each side of a long passage 
from a similar entrance court. The court was sometimes common to several houses. Large 
mansions were detached, having often different entrances on their several sidesf with portals 
very similar in form to those of their temples. These portals were about 12 or 15 ft. high, 
and on each side was a smaller door. Entering through the porch, the passage was into an 
open court wherein was a receiving room for visitors, and this was supported by columns, 
and closed in the lower part by intercolumnal panels. On the opposite side of the court 
was another door, by which the receiving room was entered from the interior. Three doors 
led from this court to another of larger dimensions, ornamented with trees, communicating 
on the right and left with the interior parts of the building, and having a back entrance. Th^ 
arrjmgement of the interior was the same on each side of the court ; six or more chambers, 
whose doors faced each other, opened on a corridor supported by columns on the right and 
left of the area, which was shaded by a double row of trees. A sitting room was placed 
at the upper end of one of these areas, opposite the door leading to the great court ; 
and over this and the chambers were the apartments of the upper story. On each side of 
the sitting-room was a door opening on to the street. Of course there were houses on 
other plans, which are given by Wilkinson ; but the above conveys a sufficient idea of 
their general distribution. On the tops of the houses were terraces, serving as well for 
repose as exercise. The walls and ceilings were richly painted, and the latter were formed 
into compartments with appropriate borders. Some of their villas were on a very large 
scale, and were laid out with spacious gardens, watered by canals communicating with the 
Nile. 

91. We close this section with a list of the principal ancient edifices of Egypt (for which 

we are indebted to the work of Mr. Wilkinson), whose situations are marked on the 
accompanying map (Jiff’ At Heliopolis (modern name Matarieh') (No. 1.), a little to 

the north of Cairo, the obelisk of Osirtasen 1., and the remains of walls and houses. Near 
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Cairo, to the south-west, pyramids of 
Geezeh (No. 2.), Saccara, and Dashoor. 
At Mitraheni (No. 3.), a eolossus of 
Remeses II. ; the mounds of Memphis, 
fragments of statues, and remains of 
buildings. About thirty-eight miles 
above Cairo, on the east bank (No. 4.), 
are the mounds of Aphroditopolis ; and 
on the opposite bank a false pyramid. 
Three mUes further, on the east bank, 
the walls of an ancient village called 
El Heebec (No. 5.), with some hiero- 
glyphics. At Benisooef a road leads to 
the Fyoom ; a brick pyramid at lUa- 
houn (No. 6.), another at El Hawara, 
and traces of the ll*abyrinth. An obelisk 
at Biggig (No. 7.); ruins near Lake 
Mocris and at Kasr Keroun (No. 8.). 
From Abou Girgeh (No. 9.), on the 
west bank, a road to Oxyrinchery (Bah- 
nasa) (No. 10.), where are mounds but 
no ruins. At Gabel e’ Tayr, a rock 
temple. Eight miles below Minieh 
(No. 11.) is Acoris (Tehneh), on the 
east bank, where is a Greek Ptolemaic 
inscription on the clilf, tombs in the rock 
with inscriptions on the doors, hiero- 
glyphic tablets, &c. On the east bank, 
seven miles above Minieh, Kom Ahmar, 
where are the ruins of an old town and 
some grottoes. Nine miles further up 
are the grottoes of Beni Hassan (No. 12.); 
and about a mile and a half further on 
a grotto or rock temple of Bubastis or 
Diana. Antinoe (Shckh Abadeh), west 
bank, few traces of the town, a theatre, 
principal streets, baths, &c. Outside the 
town, the hippodrome. At El Bersheh, 
a grotto, wherein is a colossus on a 
sledge. Hermopolis, on the west bank 
(Oshmounayn) (No. IS.), no remains of 
it. At Gel^l Toona are mummy pits, 
a tablet of hieroglyphics, and statues in 
high relief. At Shekh Said (No. 14.) 
the mountains recede to the eastward, 
leaving the river ; a little beyond is the 
village of Tel eb Amarma, to the north 
of which are the remains of a small 
town, and to the south the ruins of a 
city, which Mr. W. supposes to have 
been the Alabastron. To the east are 
grottoes with sculptures ; and on the 
summit of the mountain an ancient 
alabaster quarry. At El Hargib (No. 
15.), the ruins of an old town. At 
E’ Sioot (No. 16.) (the ancient Lyco- 
polis) are grottoes. At Gow (Ant^o- 
polis), a few stones of the temple close 
to the river. At Shekh Heredee, small 
grottoes ; and a Roman statue at the 
base of the mountain cut out of a piece 
of the rock. West of Soohag (No. 1 7.) 
is the old town of Athribis, where is a 
Greek inscription in the ruined temple, 
and grottoes in the mountain. On the 
cast side of the river, opposite, is 
E’Khmim (No. 18.) (Parcopolis, Greek 
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inscription of Temple of Pan, and remains of other stone buildings. Mensheeh (No. 19.) 

(Ptolemais Hermii), on the west 
bank, from whence three hours’ ride 

• Inn •ISB^MEBSI' K8 BK WFf to Abydus (now Arabat el Matfbon), 

^ where are two temples and many 

*' wp‘‘^ * j‘ '■ tombs. Hou (Dic^polis parva), a 

*1 '' HpS ySf tM £sV^ remains of Ptolemaic times. 

( . ■■ •• '?^Vf I ‘ Dendera (No. 20.) (ancient Tenty- 

* #1"** . I' I. : i. ■ ■ ■ ■ *1“ ris) has two temples (^^j's. 67. Snd 

-X *■■■ ■ ’ ■■. * ■ ‘ 68.), inscriptions, zodiac, &c. At 

Fig. 67. T**w.B AT TFKTVEts. ( Coptos), Tuins of the old 

town and of a temple ; and at the village of El Qala, to the north, a small Roman Egyp- 

***'**■({1'^ nopolis parva) no ruins. At Thebes 


nopolis parva) no ruins. At Thebes 
(No. 22.) (Diospolis magna), on the 
|B " / r east bank, Karnac and Lugsor ; on the 
|H ''i west, tombs of the kings, private tombs, 
.1 several temples, colossi of the plain, &c. 
||9 ■ '* I Erment (No. 23.) (Hermonthis), west 

. I bank, a temple and early Christian church, 
j At Tofnees and Asfoon (No. 24.) mounds 
|H ' ' of ancient towns, but no ruins. Esneh 

gj "* (^5’.fi9-) (Latopolis) (No. 25.) possesses 

m| a hue portico, zodiac and quay ; sixteen 

ijH • . ! miles from whence is a small stone pyra< 

* mid. On the east bank, four miles be- 
3t**'^*^**^ yond, is El Kab (Eilethyas), where are 
^ • ruins of a very ancient town ; the temples 

Fig. 68. ixTfRioft OF T^riB AT TBiTfiRw. Utcly dcstroycd ; grottoes m the mountain ; 

and a short distance up the valley three small temples, Edfu (No. 26.) ( Apollinopolis 

. magna) has two temples ; and 

^ ^ eleven miles above it are the 

’Tif I gmr remains of an old town. At 
Komombo (No. 27.) (Ombos) 
iff f ^ temples, and an an- 

- - ) ’» s. cient stone gateway in a crude 

' brick wall on the east side of 

j- 1 ' ^ thc loclosure of the temples. 

At E’ Sooan (No. 28.) (Syene), 

■ - — ' ruins of a small Roman temple, 

F.g. 69. FORTico AT Bs^BH. somc columDS, granite quar- 

ries, in one of which is a broken obelisk. Island of Elephanta, opposite the rocks of 
E’ Sooan, is the Nilometer, with Greek incriptions relating to the rise of the Nile. A 
granite gateway bearing the name of Alexander, son of Alexander the Great. At Phil® 
(No. 29.) temples and ruins. On the Island of Biggeh, opposite Phil® to the west, 
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ruined temple, tablets, &c. 

92. In Nubia, temples at Dabode (No. 30.) (Paremboli) and Kababshee (No. 31.) 
(Talmis) ; to the north of the last a small but interesting temple, called Bayt el Wellea, 
cut in the rock, and of the time of Remeses II. A temple at Dandoor (No. 32. ), and one 
cut in the rock, of the time of Remeses II., at Gerf Hossayn (Tutzis), At Sabooa 
(No. 33.), a temple of the time of Remeses II., with an avenue of sphinxes, the adytum* 
cut in the rock, the rest built. At Assaia ( No. 34. ) or Amada, a temple of Thothmes 
ancient ; and nearly opposite, on the east bank, is Oayr, where is a temple cut in the rock 
of the date of Remeses II. At Ypsambool (No. 35.) {Jigs, 70.and 71.), two fine temples 
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cut in the rock of the time of Remeses II., and the finest out of Thebes. Above the last- 
named place there are no buildings of importance mentioned by our author. 


Sect. VIII. 

• CHINESE ARCHITECTURE. 

93. In the first chapter, the reader will remember, we have said that in the tent is to be 
found the type of this architecture ; and one which, M. de Paw justly observes, cannot be 
mistaken. We are not aware of the utility of a very minute investigation of its style, which 
in this country is of no further importance than attaches to the silly decoration of gardens 
with imitations of its productions ; but as the object of this work would not be fully attained 
without some account of it, we propose to consider it, firstly, with respect to its principles, 
character, and taste ; secondly, with respect to its buildings, their parts, and the method of 
construction adopted in them. 

94. (1.) To judge of the arts of a people, we ought to be acquainted with the people 
themselves, the constitution of their minds, their power, their habits, and the connection of 
the arts with their wants and pleasures. As one man differs from another, so do these differ 
among nations. The desire of improving on what has been done before us, no less distin- 
guishes nations than individuals from each other. Whatever may be the cause, this frculty 
does not seem to be possessed by the Chinese. Unlike their Indian neighbours, amongst 
whom appears an exuberance of invention, the arts of imitation in China have been bound 
in the chains of mechanical skill. Their painters are rather naturalists than artists ; and an 
European, engaged on the foreground of a landscape, tells us that the criticism by a native 
artist on his work was confined to the observation that he had omitted some fibres and sink- 
ings in some of the leaves of the foliage employed in it. The political and moral subjection 
of the people seems to have doomed them to remain in that confined circle wherein long 
habit and repugnance to change have enclosed them. 

95. In speaking of the principles of Chinese architecture, the word is used in application 
to those primitive causes which gave birth to it, and which, in every species of architecture, 
are the dements of its character and the taste it exhibits. The imitation of the tent, as we 
have before observed, is the true origin of their buildings ; and this agrees with our know- 
ledge of the primitive state of the Chinese, who, like all the Tartar tribes, were nomadic. 
On this is founded the singular construction of their dwellings, which would stand were 
the walls destioyed ; inasmuch as, independent of them, their roofs rest upon timber framing, 
just as thbugh they had surrounded tents with enclosures of masonry. Indeed, from the 
accounts of travellers, a Chinese city looks like a large permanent encampment, as well in 
respect of its roofs as its extent. If, again, we recur to their concave sloped sides, we can 
arrive at no other conclusion ; and though the carpentry of which they are raised has for 
ages been subjected to these forms, when we consider the natural march of human invention, 
especially in cases of necessity, we cannot believe that, in a country where the primitive 
construction was of timber, the coverings of dwellings would at once have been so simple 
and so light. Their framing seems as though prepared merely for a canvas covering. 
Again, we have, if more were wanting, another proofi in the posts employed for the support 
of their roofs. On them we find resting nothing analogous to the architecture for receiving 
and supporting the upper timbers of the carpentry ; on the contrary, the roof projects over 
and beyond the posts or columns, whose upper extremities are hidden by the eaves ; thus 
si^perseding the use of a capital. A canvas covering requires but a slender support : hence 
lightness is a leading feature in the edifices of China. The system of carpentry (if such it 
can be called) thus induced, will be noticed under the second head ; but we must here 
observe, that lightness is not at all incompatible with essential solidity of construction ; and 
whilst other materials than those which formed tents have been substituted for them, the 
forms of the original type have been preserved, making this lightness the more singular, 
inasmuch as the slightest analogy between those of the original and the copy is imper- 
ceptible. This change of material prevents in the copy the appearance of solidity, and 
seems a defect in the style, unless we recur to the type. 

96. A characteristic quality of Chinese architecture is gaiety of effect. Tlieir coloured 
roof^ compared by their poets to the rainbow, — their porticoes, diapered with variegated 
tints, — the var nish lavished on their buildings, — the keeping of this species of decoration 
with the light forms of the buildings, — all these unite in producing, to eyes accustomed to 
contemplate them, a species of pleasure which they would with difficulty relinquish ; and it 
seems reasonable that the architecture of Europe must appear cold and monotonous to men 
whose pleasure in the arts is more dependent on their senses than on their judgment. 

97. Taste in art is a quality of vague signification, except amongst those whose lives are 
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passed in its practice ; neither is this the place to say, upon that subject, more than that, in 
the application of ornament or decoration to architecture, it must depend on the method of 
construction. This is not found in that whereof we are writing. With the Chinese, the 
art of ornamenting a building is an application of capricious finery and patchwork, in which 
grotesque representations of subjects connected with their mythology often prevail : yet, in 
this respect, they exhibit a fertility of invention, and produce beautiful-abstract combinations 
quite in character with the general forms. Indeed, the parts of their architecture are in 
harmony with each other. All is based upon natural principles, and is so adapted to the 
few and simple wants of a nation whose enormous population alone seems to render itginde- 
pendent of every other people, that no period can be assigned to the future duration of an 
architecture which, we apprehend, has existed amongst them from the earliest date of their 
dwelling in cities. 

98. (2.) Timber is the chief material in use among the Chinese; and that of which the 
country produces the principal is the nan-mon^ which, according to some, is a species of 
cedar ; others have placed it among the firs. It is a straight thick tree, and improves with 
age. De Paw says that it furnishes sticks from twelve to thirteen feet high, of useful wood ; 
but Chambers limits it to a smaller size. Respecting its beauty and duration, all travellers 
agree. Davis (^Description of the Empire of China) says that the nan-mo is a description of 
cedar, which resists insects and lime, and appears to be exclusively used for imperial dwell- 
ings and temples. It was an article of impeachment against the minister of Kieii-loong, 
that he had presumed to use this wood in the construction of his private palace. According 
to Du Halde, the iron-wood, the-Iy^mowy is as tall as the oaks of Europe, but is less in its 
^runk, and differs from it in colour, which is darker, and in weight. 'Hie author does not 
tell us whether it is employed for columns. The tse-lau, also called mo-wang, or king of 
woods, resembles what we call rosewood ; but its use is confined chiefly to articles of fur- 
niture. The tchou-tse, or bamboo, grows to a great height in China. Though hollow, it 
is very hard, and capable of bearing great weight. It is employed for scaffolding and sheds 
of all kinds ; and the frame-work of their matted houses for theatrical exhibitions is carried 
up with bamboos in a few hours. It is in universal use. The missionaries inform us that 

BRICK has been in use with the nation from the earliest period, and of both species, burnt 

and merely dried in the sun. Chambers describes the walls of the houses built of this 
material as generally eighteen inches thick. He says, the workmen bring up the foundations 
for three or four courses in solid work ; after which, as the walls rise, the bricks are used in 
the alternate courses as headers and stretchers on the two faces of them ; so that the headers 
meet, and thus occupy the whole thickness, leaving a void space between the stretchers : 
they then carry up another course of stretchers, breaking the vertical joints. Stone and 
MARBLE are little employed ; not on account of their scarcity, for they are abundant, nor on' 
the score of economy, for they are acquainted with the method of working them, as is proved 
from their use in public buildings and tombs. Neither can it arise from the difficulty or 
want of acquaintance with the means of transport ; for we find in their gardens immense 
blocks introduced for the purposes of ornament ; and in their marble staircases, the steps, 
whatever the length, are always in a single piece. The fear of earthquakes, moreover, does 
not appear to have been a motive for their rejection. That is rather to be found in the 
climate, which, especially in the southern parts, would, from the great heat and moisture, 
tend to render their houses unwholesome. In the scaffolding they u.se for the erection of 
their buildings, security and simplicity are the principal features ; not, however, unmixed 
with skill. It consists of long poles, so inclined as to make the ascent easy, and is executed 
without any transverse bearing pieces. 

99. Tlie police of architecture among the Chinese is, to an European, a singular feature 
in its practice ; and we cannot refrain from presenting to the reader the curious restrictions 
imposed upon every class in their several dwellings. Police, indeed, may be said to govern 
the arts of China. Its laws detail the magnitude and arrangement permitted for the /o«, or 
palace of a prince of the first, second, or third degree; for a noble of the imperial family, for 
a grandee of the empire, for the president of a tribunal, for a mandarin, — for, indeed, all 
classes. They extend, also, to the regulation of the public buildings of capitals, and other 
cities, according to their rank in the empire. The richest citizen, unless bearing some office 
in the state, is compelled to restrict the extent of his house to his exact grade in the country ; 
and whatever form and comfort he may choose to give to the interior, the exterior of lus 
dwelling towards the street must be in every respect consistent with these laws. According 
to the primitive laws on this subject, the number of courts, the height of tlie level of the 
ground floor, the length of the buildings, and the height of the roofs, were in a progressive 
ratio from the mere bourgeois to the emperor ; and the limits of each were exactly defined 
The ordinary buildings are only a single story high : the climate seems to discountenance 
many stories. Though Pekin is in the fortieth degree of north latitude, the police obiiges 
the shopkeepers and manufacturers to sleep in the open air under their penthouses in the 
hottest part of the summer. 

100. 'fhe hm is a building of several stories. Of tliis sort are almost all the small palaces 
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built by the emperors in their pleasure gardens. The taste for this class of building at one 
period prevailed to such an extent that houses were constructed from 150 ft. to 200 ft. in 
height, Banked by towers extending to 300 ft. Though the emperors have, generally, aban- 
doned these enormous buildings, they are still occasionally erected. Most houses of the 
country are so slightly built as to be incapable of bearing more than one story. Indeed, 
the necessity for making the most of an area by doubling and tripling its capacity, which 
exists in the capitals of Europe, does not operate in China. 

101. The houses of the Chinese are uniform in their appearance. We here annex the 

plan and elevation of one 72. and 73.) ; from which it will be seen 

that a large portion of the area is occupied by courts, passages, and gar- 
dens. Sir W. Chambers describes those of the merchants at Canton as 
being, generally, a long rectangle on the plan, two stories high, and the 
apartments divided on the ground floor by a wide passage, which extends 

^ through the whole len^h. On the side towards the street the shops 
are placed, beyond which a quadrangular open vestibule leads to the 
private apartments, which are distributed on the right and left of the 
passage. There is a salon, usually about 18 ft. or 20 ft. long, and 20 ft. 
wide, open towards the vestibule, or with a screen of canework to protect 
it from the sun and rain. At the back are doors extending from the 
floor about half way to the ceiling ; the superior part being of trellis 
work, covered with painted gauze, which gives light to the bedroom. 
The partition walls are not carried higher than the ground story, and 
are lined with mats to the height of three feet, above which a painted 
paper k used, llie pavement is of differently coloured stone, or marble 
squares. The doors are generally rectangular, of wood, and varnished 
or painted with figures. Sometimes the communication between apart- 
ments is in the form of an entire circle, which some have compared to 
the aperture of a bird-cage. The 
windows are rectangular, and filled 
in with framework in patterns of 
s({uares, parallelograms, polygons, and 
circles, variously inscribed in or in- 
tersecting each other. The railwork 
to the galleries is similarly orna- 
mented. The compartments of the 
windows are generally filled in with 
a transparent oyster shell instead of 
glass. The upper floor, which oc- 
Fig. 7‘2. oR«n KD pf.A.N. cupies the whole breadth of the 
tiouse, is divided into several large apartments, which are, occasionally, by means of tem- 
porary partitions, converted into rooms for visitors, apart from the family. The sleeping 
rooms for the people connected with the business are over the shops. The roof stands on 
wooden cohimns ; and its extremities, projecting beyond the walls, are usually decorated 
with the representation of a dragon. 

102. In the system of carpentry practised by the Chinese, the columns and beams look 
more like the bars of a light cage than the supports and ties of a solid piece of 
framing, or like a collection of bamboos fastened to one another. The accom- 
panying diagram (^fig- 74.) will convey our meaning to the reader. Their 

' columns vary in their forms and in their proportions from eight to twelve 
‘ diameters in height, and are without capitals. They are generally of wood, 
standing on marble or stone bases, and are occasionally polygonal as well 
as circular. Some are placed on moulded bases. 

103. The palaces are constructed on nearly the same plan. Nothing, say 
the missionaries of Pekin, gives a more impressive idea of a palace and the 
greatness of its inhabitant, whether we consider its extent, symmetry, eleva- 
tion, and uniformity, or whether we regard it for the splendour and magnifi- 
cence of its parts, than the palace of the emperor at Pekin. The whole, they 
say, produced an effect upon them for which they were not prepared. It 
) occupies an area of upwards of 3600 ft. from east to west, and above 3000 ft. 
from north to south, without including the three fore-courts. oMr. Barrow, 
in his Account of Lord Macartney's Embassy, describes it as a vast enclosure of a rectangular 
form, surrounded by double walls, having between them ranges of offices, covered by roots 
sloping towards the interior. The included area is occupied by buildings not more than 
two stories high, and forming several quadrangular courts of various sizes, in the centres of 
which are buildings standing on granite platforms, 5 ft. or 6 ft. high. These .are sur- 
rounded by columns of wood, which support a projecting roof turned up at the angles. 
One ofthc.se buildings, serving as a hall of audience, stands like the rest on a jilatform, and 
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its projecting roof is supported by a double row of wooden columns, the intervals between 
which, in each row, are filled with brickwork to the height of 4 ft. ; the part above the 
wall being filled in with lattice work, covered with transparent paper. The courts are 
intersected by canals spanned by sever^ marble bridges- The gateways of the quadrangles 
are adorned with marble columns on pedestals, decorated with dragons. The courts 
contain sculptured lions 7 ft. or 8 ft. high ; and at the angles of the building, surrounding 
each area, are square towers, two stories high, crowned with galleries. The reader will 
find a delineation of this extraordinary building in Cousin’s work, Z>u Genie de V Architec- 
ture, 4to, Paris, 1822, pi. 26. The peristylia of the interior buildings of the palace are 
built upon a platform of whit" marble, above which they are raised but a few steps ; but 
this platform is reached by three flights of marble steps, decorated with vases and other 
ornaments. 

104. It is said that there are 10,000 miao, or idol temples in Pekin and its environs. 
Some of these are of considerable size, others are more distinguished for their beauty ; there 
is, however, no sufficient account of them, and we shall therefore proceed to those of Canton, 
which have been decribed by Chambers. He says that in this city there are a great num- 
ber of temples, to which Europeans usually apply the name of pagoda. Some of these are 
small, and consist of a single chamber ; others stand in a court surrounded by corridors, at 
the extremity of which the ting, or idols, are placed. The most extensive of these pagodas 
is at Ho-nang, in the southern suburb of Conan. Its interior area is of the length of 590 ft., 
its width 250 ft. This area is surrounded by cells for 200 bonzes, having no light but what 
is obtained from the doors. The entrance to the quadrangle is by a vestibule in the middle 
of one of the short sides ; and at the angles are buildings 30 ft. square, in which the principal 
bonzes reside. In the middle of each of the long sides is a rectangular area, surrounded by 
cells, one containing the kitchens and refectories, and the other, hospitals for animals, and a 
burying ground. The great quadrangle contains three pagodas or pavilions, each 33 ft. 
square on the plan. They consist each of two stories, the lowest whereof is surrounded by 
a peristyle of twenty-four columns. The basement to each is 6 ft. high, to which there is a 
flight of steps on each side, and the three basements are connected by a broad wall for the 
purpose of communication between them, with steps descending into the court. The roofs 
of the peristylia are concave on the exterior ; and the angles, which are curved upwards, are 
decorated with animals. The sides of the upper story are formed with wooden posts, filled 
in with open framework. Round the foot on the exterior is a balcony with a rail in front. 
The roof resembles that of the peristyle, and has its angles similarly ornamented. The 
buildings are all covered with green varnished tiles. 

105. The Chinese towers, which also Europeans call pagodas, are very common in the 
country. The most celebrated, whereof a diagram is presented here i^Jig. 75.), is thus 

described by P. Le Comte. Its 
form on the plan is octagonal, 
and 40 ft. in diameter ; so that 
each side is 15 ft. It is sur- 
rounded by a wall at a distance 
of 15ft., bearing, at a moderate 
height, a roof covered with var- 
nished tiles, which seems to rise 
out of the body of the tower, 
forming a gallery below. The 
tower consists of nine stories, 
each ornamented with a cornice 
of 3 ft. at the level of the win- 
dows, and each with a roof si- 
milar to that of the gallery, ex- 
cept that they do not project so 
much, not being supported by a 
second wall. They grow smaller as the stories rise. The wall of the ground story is 12 ft. 
thick, and 8 J ft. high, and is cased with porcelain, whose lustre the rain and dust have much 
injured in the course of three centuries. The staircase within is small and inconvenient, the 
risers being extremely high. Each floor is formed by transverse beams, covered with planks 
forming a chamber, whose ceiling is decorated with painting. The walls are hollowed for 
numberless niches, containing idols in bas-relief. The whole work is gilt, and seems of 
marble or wrought stone ; but the author thinks it of brick, which the Chinese are ex- 
tremely skilful in moulding with ornaments thereon. The first story is the highest, but the 
rest are equal in height. “ I counted,” says M. Le Comte, “190 steps, of ten frill inches 
each, which make 158 ft. If to this we add the height of the basement, and that of the 
ninth story, wherein there are no steps, and the covering, we shall find that the whole 
exceeds a height of 200 ft. The roof is not the least of the beauties which this tower boasts. 
It consists of a thick mast, whose foot stands on the eighth floor, and rises thirty feet from 
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the outside of the building. It appears enveloped in a large spiral band of iron, clear by 
several feet from the pole, on whose apex is a gilt globe of extraordinary dimensions. 

106. The word tower has been vaguely applied to all these buildings; but in China 
there are differences in their application, which are classed under three heads : — 1 . 7bt, or 
platforms for astronomical or meteorological observations, or for enjoying the air and land> 
scape. 2. Hout such as that just described in detail, being edifices of several stories, isolated 
and circular, square and polygonal on the plan, built of different materials in different places. 
3. Ta, which are sepulchral towers. These are commonly massive, of strange but simple 
forms. 

107. The Pay^Jeofiy or triumphal arches of thtuChinese, are to be found in every city. 
They are erected to celebrate particular events. Those at Ning-po are with a central and 
two smaller side openings, and are ornamented with polygonal stone columns, supporting 
an entablature of three or four fasciae. These are usually without mouldings, the last but 
one excepted, which is a species of frieze filled with inscriptions. They are crowned 
with roofs of the usual form, having broad projections, whose angles are turned upwards. 
The apertures are sometimes square, and sometimes circular headed. 

108. China abounds in bridges ; but Du Halde and the missionaries have made more of 
them in their accounts than they appear to deserve. What they have described as a bridge 
of ninety-one arches between Soo-chow and Hang-chow, was passed by Lord Macartney, 
and found to be nothing more than a long causeway. Its highest arch, however, was sup- 
posed to be between 20 fr. and 30 fr. high, and its length about half a mile. Some of their 
bridges, however, as in the case of that observed by the late Sir George Staunton (vol. ii. 
p. 177.), are skilfully constructed, lliey have long been acquainted with the use of the 
arch composed of wedge-shaped voussoirs, perhaps long before it was known in Europe. 
Their great wall is one of their most remarkable monuments. It consists of an earthen 
mound, retained on each side by walls of brick and masonry, with a terraced platform of 
square bricks. Its total height is 20 ft., including a parapet of 5 ft. Tlie thickness at the 

base is 25 ft., and it diminishes 
to 15ft. at the platform. The 
towers on it, at intervals of about 
200 paces, are 40 ft. square at 
the base, diminishing to .SO ft. 
at the top ; and their height is 
about 37 ft. Some of the towers, 
however, are 48 ft. high, and 
consist of two stories. It ex- 
tends from the province cf Shen- 
Si to the Wanghay, and in a 
length of 1500 miles is con- 
ducted over mountains, valleys, 
and rivers, often in places inaccessible to an enemy. (See^y. 76.) 



Sect. IX. 

MEXICAN ARCHITECTURE. 

109. The architecture of the people who had possession of America before its discovery 
Uy Columbus has a considerable claim upon our attention. When a people appears to have 
had DO means of modelling their ideas through study of the existing monuments of older 
nations, nor of preserving any traces of the style of building practised by the race from 
which they originated, their works may be expected to possess some novelty in the mode of 
combination or in the nature of the objects combined ; and, in this point of view, American 
architecture is not without interest. It is, moreover, instructive in pointing out the bent 
of the human mind when unbiassed by example in the art. 

1 10. North America was found by the Spaniards advanced in agriculture and civilisation, 
and more especially so in the valleys of Mexico and Oaxaca. These provinces seem to have 
been traversed by different migratory tribes, who left behind them traces of cultivation. It 
is not our intention here to discuss the mode of the original peopUng of America ; but we 
must, in passing, observe that the vicinity of the continents of Asia and America is such as 
to induce us to remind the reader that one of the swarms, which we mentioned in the 
section on Druidical and Celtic Architecture, might have moved in a direction which ulti- 
mately brought them to that which, in modem times, has received the name of the New 
World. The Toultecs appeared in 648, making roads, building cities, and constructing 
great pyramids, which are yet admired. They knew the use of liieroglyphical paintings. 
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founded metals, and were able to cut the hardest stone. ( Humboldt^ New Spain . ) The Aztecs 
appeared in 1196, and seem to have had a similar origin and language. Their works, though 
they attest the infancy of art, bear a striking resemblance to several monuments of the most 
civilised people. The rigid adherence of the people to the forms, opinions, and customs 
which habit had rendered familiar to them, is common to all nations under a religious 
and military despotism. 

111. The edifices erected by the Mexicans for religious purposes were solid masses of 
earth of a pyramidal shape, partly faced with stone. They were called Teocallis (Houses 
of God). That of ancient Mexico, 318 ft. at the base and 121 ft. in height, consi^ed 
of five stories ; and, when seen at a distance, so truncated was the pyramid that the monu- 
ment appeared an enormous cube, with small altars covered by wooden cupolas on the top. 
The place where these cupolas terminated was elevated 177 ft. above the base of the 

edifice or the pavement of the 
enclosure. Hence we may ob- 
serve that the Teocalli was very 
similar in form to the ancient mo- 
nument of Babylon, called the 
Mausoleum of Belus. The pyra- 
mids of Teotihuacan (^Jig. 77.), 
which still remain in the Mexican 
Valley, have their faces within 52 
minutes of a degree of the cardi- 
nal points of the compass. Their 
interior is clay, mixed with small 
stones. This kernel is covered with a thick wall of porous amygdaloid. Traces are 
perceived of a bed of lime, which externally covers the stone. 

112. The great pyramid of Cholula (^jig. 78.), the largest and most sacred temple in 

Mexico, appears, at a distance, 
like a natural conical hill, wooded, 
and crowned with a small church ; 
on approaching it, its pyramidal 
form becomes distmet, as well as 
the four stories whereof it consists, 
though they are covered with 
vegetation. Humboldt compares 
it to a square whose base is four 

Fig, 78. ciia^T pvBAMio ok cholii.a. timcs that of the Place Vendome 

at Paris covered with bricks to a height twice that of the Louvre. The height of it is 177 ft. . 
and the length of a side of the base 1423 ft.. There is a flight of 1 20 steps to the platform. 
Subjoined is a comparative statement of the Egyptian and Mexican pyramids : — 


Dimensions. 

E«YPTI.\K. 

Mexican. 

Height in feet - 
Length of base in feet 

Cheops. 

448 

728 

Cephrencs. 

598 

6^ 

Mycerinus. 

162 

280 

Saccara 

(of five stories). 
150 

210 

Teotihu- 

acan. 

171 

615 

Cholula. 

172 

1355 


The Cholula pyramid is constructed with unbumt bricks and clay, in alternate layers. 
As in other TeoeaSis, there are cavities of considerable size, intended for sepulchres. In 
cutting through one side of it to form the present road from Puebla to Mexico, a square* 
chamber was discovered, built of stones, and supported by beams of cypress wood. Two 
skeletons were found in it and a number of curiously painted and varnished vases. Hum- 
boldt, on an examination of the ruins, observed an arrangement of the bricks for the purpose 
of diminishing the pressure on the roof, by the sailing over of the bricks horizontally. The 
area on the top contains 3500 square yards, and was occupied by the Temple of Quetzal- 
coatl, the God of Air, who has yielded his place to the Virgin. By the way, we may here 
mention that tumuli are found in Virginia, Canada, and Peru, in which there are galleries 
built of stone communicating with each other by shafts; but these are not surmounted by 
temples. 

113. In the northern part of the intenaancy of Vera Cruz, west from the mouth of the 
Rio Tecolutla, two leagues distant from the great Indian village of Papantla, we meet 
with a pyramidal edifice of great antiquity. The pyramid of Papantla remained unknown 
to the first conquerors. It is seated in the middle of a thick forest, and was only discovered 
by some hunters al)out thirty-five years ago. It is constructed of immense blocks of stone 
laid in mortar ; but is not so remarkable for its size as for its form and the perfection of 
its finish, being only 80 ft. square at the base, and not quite 60 ft. high. A flight of fiftv-seven 
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steps leads to the truncated pyramid. Like all the Mexican teocallis, it is composed of 
stages, six whereof are still distinguishable, and a seventh appears to be concealed by the 
vegetation with which its sides are covered. Tlie facing of the stories is ornamented 
with hieroglyphics, in which serpents and crocodiles, carved in relievo, are discernible. 
Each story contains a great number of square niches symmetrically distributed. In the 
first story twenty-four are on each side ; in the second, twenty ; and in the third, sixteen. 
The number of these niches in the body of the pyramid is .366, and there are twelve in the 
stairs towards the east. 

114. The military intrenchment of Xochiculco, near Tetlama, two leagues south-west 
of Cuernavaca, is another remarkable ancient monument. It is an insulated hill, .370 ft. 
high, surrounded with ditches or trenches, and divided by the hand of man into five terraces 
covered with masonry. The whole has the appearance of a truncated pyramid, whereof 
the four faces are in the cardinal points of the compass. Tlie masonry is of porphyry, very 
regularly cut, and adorned with hieroglyphics ; among which are to be seen a crocodile 
spouting up water, and men sitting cross-legged after the Asiatic fashion. On the plat- 
form, which is very large, is a small square edifice, which was most probably a temple. 

1 15. Though the province of Oaxaca contains no monuments of ancient Aztec architec- 

ture, which astonish by their colossal dimensions, like the houses of the gods of Cholula, 
Papautla, and Teotihuacan, it possesses the ruins of edifices remarkable for their symmetry 
and the elegance of their ornaments. The antiquity of them is unknown. In the district 
of Oaxaca, south of Mexico, stands the palace of contracted from Mignitlan, signi- 

fying, in Aztec, the fiace of woe. By the Tzapotec Indians the ruins are called leoha^ or luiva 
(burial, or tomb), alluding to the excavations found beneath the walls. It is conjectured to 
have been a palace constructed over the tombs of the kings, for retirement, on the death of 
a relation. The tombs of Mitla are three edifices, placed symmetrically in a very romantic 
situation. Tliat in the best preservation, and, at the same time, the principal one, is nearly 
130 ft- long. A staircase, formed in a pit, leads to a subterranean apartment, 88 ft. in 
length, and 26 ft. in width. Tliis, as well as the exterior part of tlie edihee, is decorated 
with fret, and other ornaments of similar character 79.). But the most singular 

feature in these ruins, as com- 
pared with other Mexican 
architecture, was the discovery 
of six porphyry columns, placed 
for the support of a ceiling, in 
the midst of a vast hall. They 
are almost the only ones which 
have been found in the new 
continent, and exhibit strong 
marks of the infancy of the 
art, having neither base nor ca- 
pital. The upper part slightly 
diminishes. Their total height 
is 19 ft., in single blocks of 
porphyry. The ceiling under 
which they were placed was 
formed by beams of Savine wood, and three of them are still in good preservation. The 
roof is of very large slabs. The number of separate buildings was originally five, and 
they were disposed with great regularity. The gate, whereof some vestiges are still dis- 
cernible, led to a court 150 ft. square, which, from the rubbish and remains of subter- 
ranean apartments, it is supposed was surrounded by four oblong edifices. That on the 
i^ght is tolerably preserved, the remains of two columns being still in existence. The prin- 
cipal building had a terrace, raised between three and four feet above the level of the court, 
and serving as a base to the walls it surrounds. In the wall is a niche, with pillars, four or 
five feet above the level of the floor. The stone lintel, over the principal door of the hall, 
is in a single block, 12ft. long and 3 ft. deep. The excavation is reached by a very wide 
staircase, and is in the form of a cross, supported by columns. The two portions of it, 
which intersect each other at right angles, are each 82 ft, long by 25 ft- wide. Tlie inner 
court is surrounded by three small apartments, having no communication with the 
fourth, which is behind the niche. The interiors of the apartments are decorated with 
paintings of weapons, sacrifices, and trophies. Of windows there are no traces. Humboldt 
was struck with the resemblance of some of the ornaments to those on the Etruscan vases 
of Lower Italy. In the neighbourhood of these ruins are the remains of a large pyramid, 
and other buildings. 

116. In the intendency of Sonora, which lies north-west of the city of Mexico, and in 
the Gulf of California, on the banks of the Rio Gila, are some remarkable ruins, known by 
the name of the Ca$a Grande, They stand in the middle of the vestiges of an ancient Aztec 
city. TTie sides are in the direction of the four cardinal points, and are 445 ft. from north 
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to south, and 276 ft. from east to west. The materials are unbumed brick, symmetrically 
arran^d, but unequal in size. The walls are 4 ft. in thickness. The building was 
three stones. The principal edifice was surrounded by a wall with towers in it at intervals. 
From vestiges which appear, it is supposed the town was supplied with the water of the 
Rio Gila, by an artificial canal. The plain in the neighbourhood is covered with broken 
earthen pottery painted in white, red, and blue colours. 

117. The capital of Mexico, reconstructed by the Spaniards, is undoubtedly one of the 
finest cities ever built by Europeans in either hemisphere. Perhaps there scarcely exists a 
city of the same extent which, for the uniform level of the grouud on which it stands, efor 
the regularity and breadth of the streets, and the extent of its great square, can be compared 
to the capital of New Spain. The architecture is pleasing. Ornament is sparingly applied 
to it ; and the sorts of stone employed, which are a porous amygdaloid called tetzontli, and 
a porphyry of vitreous feld-spath, without any quartz, give to the Mexican buildings an air 
of solidity, and sometimes even of magnificence. The wooden balconies and galleries which 
disfigure the European cities in both the Indies are discarded. The balustrades and gates 
are all of Biscay iron ornamented with bronze ; and the houses, instead of roofs, have terraces, 
like those in Italy and other southern countries. It must, however, be admitted, notwith- 
standing the progress of the arts there during the last thirty years, that it is less from the 
grandeur and beauty of the edifices, than from the breadth and straightness of the streets, 
and their uniform regularity and extent, that Mexico commands the admiration of Eu- 
ropeans. 


Sect. X. 

ARABIAN, MORESQUE, OR SARACENIC ARCHITECTURE. 

118. Before the appearance of Mahomet, in the seventh century, and the consequent 
establishment of Islamism, the Arabians were by no means celebrated for their skill in 
architecture. The beautiful country of Happy Yemen, wherein were seated the most 
ancient and populous of the forty-two cities of Arabia enumerated by Abulfeda, does 
not appear to have produced what might have been expected from the neighbours of the 
Egyptians, Syrians, Chaldeans, and Persians. The arts of the surrounding nations seem 
to have been lost upon them. Hiough a part of their time and industry was devoted to 
the management of their cattle, still they were collected into towns, and were employed in 
the labours of trade and agriculture. The towers of Saana, compared by Abulfeda to 
Damascus, and the marvellous reservoir of Merab, were constructed by the kings of the 
Homerites, who, after a sway of two thousand years, became extinguished in 502. The 
latter, the Meriaba, mentioned by Pliny as having been destroyed by tlie legions of Au- 
gustus, was six miles in circumference, and had not revived in the fourteenth century. 
“ But,” says Gibbon, “the profane lustre of these was eclipsed by the prophetic glories of 
Medina and Mecca.” Of the ancient architecture of Arabia there are so few examples 
remaining, that no satisfactory account can be given of it. Excavations, still seen in rocks, 
are said to be the houses of the people called Thamud ; but the Caaba of Mecca is the 
only one of the seven temples in which the Arabians worshipped their idols now in 
existence- It is a quadrangular building, about 56 ft. long, 34 ft. broad, and about 
40 ft. high. It is lighted by a door on the east side, and by a window, and the roof is 
supported by three octangular pillars. Since its adoption by Mahomet, it has been enclosed 
by the caliphs with a quadrangle, round which are porticoes and apartments for the pil- 
grims resorting to it. Here were the tombs of the eighty descendants of Mahomet and of 
his wife ; but, in 1803, they were destroyed by the Wahabees, who, however, respected 
and spared the Caaba and its enclosures. 

119. 'Fhe extraordinary conquests from the Indus to the Nile, under Omar, the second 
caliph, who, after a reign of ten years, died in a. d. 644, brought the victorious Moslems in 
contact with nations then much more civilised than themselves. As their empire extended, 
their love for the arts and sciences increased. The first mosque built out of the limits of 
Arabia is supposed to be that which was founded by Omar on the site of the ancient 
temple at Jerusalem. Under the dynasty of the Ommiades, of which race Omar was a 
member, the cultivation of architecture was carried on with success. The seat of the 
empire was removed to Damascus, which was considerably enlarged and improved. Amon«» 
its numerous splendid buildings was the celebrated mosque founded by AlwJid II. It 

he who introduced the lofty minaret, which, though an innovation at the time, seems, in later 
years, to have been as necessary a portion of the mosque as the main body of it. This 
caliph made considerable additions to the mosque at Medina, as he also did to that which 
had been built by Omar on the site of the Temple of Solomon, almve mentioned. His 
generals and governors of provinces seem to have been equally zealous in the cause of art 
and the prophet ; witness the mosque built by one of the former on taking Saraarcand, and 
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the universal improvement in the provinces under the sway of the latter. Great as were 
the works just mentioned, the removal of the seat of the empire to the western frontier of 
Persia, by the second caliph of the dynasty of the Abassides, gave a lustre to Arabian 
architecture which almost surpasses belief. Almansor, the brother and successor of Saffah, 
laid the foundations of Bagdad in the year 145 from the Hejira (a. d. 762), a city which 
remained the imperial seat of his posterity during a period of five hundred years. The 
chosen spot is on the eastern bank of the Tigris, about fifteen miles above Modain ; the 
double wall was of a circular form ; “ and such,” says Gibbon, “ was the rapid increase of a 
capital, now dwindled to a provincial town, that the funeral of a popular saint might be 
attended by eight hundred thousand men and sixty thousand women of Bagdad and the 
adjacent villages.” The magnificence displayed in the palace of the caliph could only be 
exceeded by that of the Persian kings ; but the pious and charitable foundation of cisterns 
and caravanseras along a measured road of seven hundred miles, has never been equalled. 

120. About A. i>. 660-5, the prudence of the victorious general Akbah had led him to 
the purpose of founding an Arabian colony in the heart of Africa ; and of forming a 
citadel that might secure, against the accidents of war, the wealth and families of the 
Saracens. With this view, under the modest title of a caravan station, he planted the colony 
of Cairoan, in the fiftieth year of the Hejira. “ When,” observes Gibbon, “ the wild beasts 
and serpents were extirpated, when the forest, or rather wilderness, was cleared, the vestiges 
of a Roman town were discovered in a sandy plain : the vegetable food of Cairoan is 
brought from afar ; and the scarcity of springs constrains the inhabitants to collect, in cis- 
terns and reservoirs, a precarious supply of rain water. These obstacles were subdued by 
the industry of Akbah ; he traced a circumference of three thousand and six hundred paces, 
which he encompassed with a brick wall ; in the space of five years the governor’s palace 
was surrounded with a sufficient number of private habitations ; a spacious mosque was 
supported by five hundred columns of granite, porphyry, and Numidian marble.” 

121. “In the West, the Ommiades of Spain,” says the same author, “supported with 
equal pomp the title of Commander of the Faithful. Three miles from Cordova, in honour 
of his frithful Sultana, the third and greatest of the Abdalrahmans constructed the city, 
palace, and gardens of Zebra. Twenty-five years, and above three millions sterling, were 
employed by the founder : his liberal taste invited the artists of Constantinople, the most 
skilful sculptors and architects of the age ; and the buildings were sustained by twelve 
hundred columns of Spanish and African, of Greek and Italian marble. The hall of 
audience was incrusted with gold and pearls, and a great bason in the centre was sur- 
rounded with the curious and costly figures of birds and quadrupeds.” The streets and 
houses at this place are hollowed out of the rock, which stands 1200 feet above them. 

122. Whether we contemplate the materials furnished by Babylon and its neighbour- 
hood, the dismantled towns of Syria, or the abundant ruins of Egypt, and from Tripoli to the 
Atlantic, it is curious, as the historian of the western Arabs has remarked, to observe that 
no people constructed, without recourse to the quarry, so many magnificent edifices. In 
Spain, this was most remarkably the case, whereof the reader will be convinced by reference 
to Murphy’s Arabian Antiquities, and Laborde’s Voyage Pittcresque de V Es-pagne. 

123. From the latter half of the eighth century to nearly the middle of the ninth, the 
progress of the Arabians in the sciences was wonderful. Tbeir merit, however, in the art 
which it is our province to investigate, was of a class inferior to that of the people who 
invented and carried into execution, though later, the principles which regulated the stu- 
pendous monuments of Gothic architecture in Europe. They certainly understood the 
science of architecture ; and works on it were written for the benefit of those whose occu- 
pations led them to take an interest in the art. 

124. We regret that our limits do not permit us to dwell on the progress in the sciences 
made by the Arabians, though some of them are intimately connected with our subject. 
But the information we omit will be much more satisfactorily obtained by the reader con- 
sulting the pages of the historian of the decline and fall of the Roman Empire. Our 
purpose is now to present a concise view of the architecture of the Arabians from I-aborde’s 
Voyage Pittaresque de TEspagne (vol. ii. part 1. xliii. et seq.); observing, by the way, that, 
from our own study of the subject, we are inclined fully to adopt it. In Spain there 
is a sufficient number of monuments of architecture to class them chronologically, and to 
assign an epoch to the different styles they exhibit. Though the species does not resemble 
that which has been denominated Gothic, which is clearly not an imitation, the one and the 
other sprung from the same source. The point of departure was the architecture of 
Byzantium, in which city, after the fall of Italy, a totally new style arose, whose develop- 
ment in different modes was the basis of all modern architecture. As though the Coliseum 
had furnished the hint, the immense edifices, in the style of the period, were constructed 
with a multiplicity of stories, — they were heavy without, though lightly and richly deco- 
rated within ; the artists employed in their erection seeming to aim at a transference to 
the architecture and sculpture on which they were engaged of the oriental profusion of 
ornament visible in the stuffs of India. This Byzantine school produced the Lombard and 
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Saxon styles in the North, on which we shall enlarge in the section on Gothic architecture ; 
and, in the South, it produced the Arabian, Saracenic, or Moresque style, by whicheTer name 
the reader may choose to distinguish it. Both were strongly impregnated with the vices 
and defects into which the Roman architecture of the period had fallen. For the sake of 
illustrating what we mean, we refer, as examples, to the Baths of Dioclesian, to that 
emperor’s palace at Salona, and to the buildings of Justinian and Theodosius, — from all 
which may be learned the abuses and incongruities which attended the fall, not only of 
architecture, but of all the other arts. We find in them arches springing from capitals, 
columns without entablatures, and even zigzag ornaments. But, with all this pervertion 
of taste, the general form of the plans of the edifices altered not : that of the temples 
more particularly continued unchanged. Some great convulsion was necessary before 
they could undergo alteration, and such was the introduction of Christianity. Thus, says 
Saint Isidore, the basilica suffered transformation into the Christian church : — “ Ba- 
silica: olim negotiis plcnae, nunc votis pro salute susceptis.” Of this, in a succeeding 
page, we shall have more to say. But the change was not confined to the basilica ; the 
palace and domestic dwelling equally partook of the alteration of wants. The Romans, 
whilst masters of the world, were careless in protecting their cities by walls. Defence was 
only necessary on their frontiers ; and there, walls and towers were constructed, from which 
was the first hint for the castle, of which the Roman villa, fortified^ is the type. When, 
however, Italy was invaded, the fate of war soon caused exterior decoration to be sacrificed 
to internal comfort and luxury ; and even Rome, under Belisarius, was surrounded by walls 
and towers. The people, whose prowess made these precautions necessary, soon found the 
convenience of adopting similar habits and buildings. 

1 25. The Arabians, whose wandering life could scarcely be imagined capable of such a 
change, ultimately established themselves in Roman castles, and turned the Christian 
churches, which, at the period, were extremely numerous, into mosques. For some time, 
the architecture of the Goths, of the Arabians or Moors, was, as respects plan, the same ; 
not less so was the character of the ornaments employed by both nations ; but it was not 
long before these diverged into styles which possessed each its peculiar beauties. Tlie 
Christians soon used the pointed arch ; and the style they adopted became slender and 
tall, whilst that of the Moslems, from the nature of the climate and their peculiar habits, 
was deficient in elevation, though in the end it acquired a lightness and elegance which it 
did not at its origin possess. But it is proper, here, to impress on the mind of the reader 
that Gothic and Arabian architecture have nothing in common between them, except their 
origin from a common source. It is an error to confound them, or to suppose that the 
pointed arch is found in any strictly Arabian edifices. That, as far as we can ascertain, did 
not exist before the eleventh century. It seems to have been a development in the parts of 
a style which, as it passed into more northern latitudes, became more acute in the roofs, 
from the necessity of discharging the rain and snow with greater facility. This pointed 
style spread itself over some parts of India ; but, there, none of the examples are older than 
the fourteenth or fifteenth century. Except in ornamental detail, whereof we append two 
specimens {Jigs. 80, 81.) from the Alhambra, the Arabs were not inventive. It is not 
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unlikely that their skill in geometry greatly assisted them in the extraordinary combination 
of lines to be found in their decorations, which nothing can surpass ; 
nor was it till the time of the Abassides that the Arabians became 
fully acquainted with what had been done by the Greeks. This 
knowledge was not confined to them, for there is abundant proo^ 
1. That all the modern arts, as well of the North, as of the West 
and South, had their origin from the Greek empire at Constantinople, 
which at that period gave the foshion in them, as did Italy five cen- 
turies afterwards. 2. That the plans of churches and mosques are 
traceable to that of the ancient basilica, as in the citadels of the 
middle ages, and the palaces of the Greek emperors, are to be found 
the types of the Gothic castle and of the Moresque alcazar. 3. That 
the Gothic and Saracenic styles attained their several perfection in very 
Fik.si cAPirAL.ALHAMHHA. Duanners as to the details of their distribution and ornament, 

and acquired peculiar characters, which in both may be divided into three periods, the last in 
each being lost in the change that took place in Italy on the revival of the arts. The 
periods of the Gothic will be noticed under the proper section. 

126. The first period in the history of Moresque architecture is from the foundation of 
Islamism to the ninth century, of which the finest example was the Mosque of Cordova in 
Spain. This was commenced in 770 by Abderahman, and finished by his son and successor, 
Hisham. Its plan is a parallelogram, whose longest side is 620 ft. by 440, formed by a wall 
and counterforts, both of which are embattled. The height of the wall varies from 35 to 
60 ft., and its thickness is 8 ft. The whole of the quadran^lar space is internally divided 
into two parts, viz. a court of 210 ft. in depth, the mosque itself covering the remainder of 
the area. The mosque consists of nineteen naves (of a portion of one whereof fig. 82. is a 

diagram) formed by seventeen ranks of columns, and a wall pierced 
with arches, from south to north, and thirty-two narrower naves from 
east to west. Each of these naves is about 1 6 ft. wide from north to 
south, and about 400 ft. long, their width in the opposite direction 
being less. Thus the intersection of the naves with each other 
produces 850 columns, which, with fifty-two columns in the court, 
form a total of upwards of ^X) columns. They are about 18 in. in 
diameter, the mean height of them is about 1 5 ft., and they are covered 
with a species of Corinthian and Composite capital, of which there 
are many varieties. The columns have neither socle nor base, and are 
connected by arches from one to another. The ceilings are of wood, 
painted, each range forming, on the outside, a small roof, separated from 
Fig. 82 . nosau* AT coKDoTA. adjoining by a gutter. Hie variety of the marbles of the columns 

produces an effect of richness which all agree is very striking. They were most probably 
procured from the Roman ruins of the city. It is impossible to pass over the description 
of this mosque without calling to mind the resemblance it bears in its arrangement to the 
basilicas at Rome. The reader who has seen St. Agnese and St. Paolo fuori le mura, we 
are sure, will think with us. After the conquest of Cordova in 1 236, this mosque was 
converted into a cathedral. In 1528, it was much disfigured by modern erections, which 
were necessary for better adapting it to the service of the Christian religion. These, 
however, have not so far ruined its ancient effect as to prevent an idea being formed of it 
when in its splendour. The decorations throughout are in stucco, painted of various colours, 
decorated with legends, and occasionally gilt like the churches of the Lower Empire. 

127. In the period, the style greatly improvea in elegance. It lasted till the close 

of the thirteenth century, just before which time was founded the royal palace and fortress 
^ the Alhambra, at Granada {fig- 83,), perhaps the most perfect model of pure Arabian 
architecture that has existed. During this period, no traces of the Byzantine style are to be 
found. An exuberance of well-tempered ornament is seen in their edifices, wh<^ distribution 
and luxury manifost the highest degree of refinement. Speaking of the interior of the building 
above mentioned, M. de Laborde says, that it exhibits “ tout ce que la volupte, la grace, 
rindustrie peuvent reunir de plus agr^able et de plus parfait.” After passing the principal 
entrance, you arrive at two oblong courts ; one whereof celebrated in Arabian history, called 
the Court of the Lions, is in fig. 84. represented on the following page. This court is 
KX) ft. long and 50 ft. broad, having 128 columns of white marble. Round these two courts, 
on the ground floor, are disposed tlie apartments of the palace. Those for state look out 
towards the country ; the rest, cooler and more retired, have openings for light under the 
interior porticoes. The whole is on one plane, the walls being placed so as exactly to suit 
the plateau of the rock ; its entire length is about 2300 ft., and breadth 600 ft. The doors 
are few and large, and the windows, except on the side where the landscape is most magni- 
ficent, are chiefly towards the interior. In one of the apartments, the Arabian architect 
has, in an inscription, given his reason for this adoption, in the following terms ; — “ My 
windows admit the light, and exclude the view of external objects, lest the beauties of 
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nature should divert your attention from the beauties of my work.” The walls are covered 
with arabesques, apparently cast in moulds, and afterwards joined together. The oma- 
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ments are in colours of gold, pink, light blue, and a dusky purple, the first colour being 
nearest the eye, and the last furthest from it ; the general surface, however, is white. The 

walls, to the height of four feet, were 
lined with variously figured and coloured 
porcelain mosaics, as were the floors. The 
Arabs of the Spanish caliphate appear 
to have known some mode of preventing 
the decay of paint and timber, for the 
paintings, in which the medium for the 
colour is not oil, retain the original fresh- 
ness of their colours, and the woodwork 
of the ceilings presents no symptoms of 
decomposition. It has been conjectured 
that the soundness of the wood through- 
out has arisen from the trees being lanced 
or drained of their sap at the time of felling ; but it may be, that the coating of paint has had 
some effect in producing the result. Description conveys no notion of this extraordinary 
edifice : the reader who wishes to obtain one must refer to Murphy*s work, already 
mentioned. 

1 28. The third period of Arabian architecture is from the end of the thirteenth century to 
the decline of the Saracen power in Spain. During a portion of this period, it was used by 
the Spaniards themselves, and like the Gothic, in the northern and middle parts of Europe, 
was engrafted on the style which crept from Italy into all countries till the Renaissanc^. 
During this period were built the castles of Benavento, Penafiel, and Tordesillas ; and the 
alcazars of Segovia and Seville. The plans continued much the same ; but Greek orna- 
ments began to appear, with Moresque arches on Corinthian columns. At this time, also, 
representations of the human figure arc to be seen, which, by the laws of Mahomet, were 
strictly forbidden. There was a charm about this architecture which makes one almost 
regret that reason and advance in civilisation have extinguished it. 

129. We are not to look to the works of the Arabians for the real grandeur which is exhi- 
bited in the works of Egypt, Greece, or Rome. Brick was the material most used. When 
stone was employed, it was covered with a coating of stucco. In their constructive com- 
binations there is nothing to surprise. The domes which crown their apartments are 
neither lofty nor large in diameter, neither do they exhibit extraordinary mechanical skilL 
The Arabian architects seem to have been unacquainted with the science of raising vaults 
on lofty piers. In the specimen cited at Cordova, the span, from pier to pier is less than 
20 ft., which would not have required much skill to vault, yet we find the ceilings of 
timber. The use of orders was unknown to them ; the antique columns which they intro- 
duced were employed as they found them, or imitations of them, without an acquaintance 
with the types from which they were derived, with their principles or proportions. In truth, 
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their columns are posts. We do not find, in the forms of Arabian art, that character of 
originality which can be traced from local causes. The Arabians had spread themselves 
out in every direction, far from their own country, in which they had never cultivated the 
arts ; hence their architecture was founded upon the models before them, which the 
Byzantine school supplied. Of the forms of their arches, 
some whereof are here exhibited {Jig- 85. ), the most favourite 
seems to have been the horse>shoe form. They may be 
ranged into two classes, — that just named, and the other, that 
wherein the curve is of contrary flexure, and described from 
several centres. Both classes are vicious in respect of con- 
struction, from the impossibility of gaining resistance to 
In masonry, such arches could not be executed on a large scale. 
In brick arches, however, the surface of the cement is so increased, that if it be good, and great 
care be used in not removing the centres till the cement is set, great variety of form in them 
may be hazarded. If the pleasure — perhaps we may say sensuality — of the eye is alone to be 
consulted, the Arabians have surpassed all other nations in their architecture. The exquisite 
lines on which their decorations are based, the fantasticness of their forms, to which colour was 
most tastefully superadded, are highly seductive. Their works have the air of fairy enchant- 
ment, and are only to be compared to that imagination with which the oriental poetry 
abounds. The variety and profusion wherewith they employed ornament impart to the 
interior masses of their apartments the appearance of a congeries of painting, incrustation, 
mosaic, gilding, and foliage ; and this was probably much augmented by the Mahometan 
law, which excluded the representation of the human figure. If a reason be unnecessary 
for the admission of ornament, nothing could be more satisfactory than the splendour and 
brilliancy that resulted from their combinations. One of their practices, that of introducing 
light into their apartments by means of openings in the form of stars, has a magical effect. 

130. We have principally confined ourselves, in the foregoing remarks, to the architecture 
of the Arabians as it is 
found in Spain, which, it 
is proper to observe, is 
only a class of the edifices 
in the style. There is so 
close a resemblance be- 
tween the buildings of 
that country and those of 
other places that were, 
and still are, under the 
dominion of the Moors, 

tliat, allowing only for difference of climate, we might have left 
the subject without further illustration, but that we think the re- 
presentation in Jigs, 86. and 87. of a Turkish house at Algiers, 
which we have extracted from Durand’s Parallele des Edijices, may 
give a better idea of Arabian architecture than a host of words. 

131. In MeccOf the city of the Prophet, the houses are of stone, 
and three or four stories in height. The material employed in- 
dicates solidity of construction. The streets are regular. The 
leading features are — the balconies covered with blinds ; fronts of the houses much orna- 
mented ; doors, with steps and small seats on both sides ; roofs terraced, with very 
high parapets, opened at intervals by a railing formed of brick, in which holes are left 
for the circulation of the air, at the same time giving an ornamental appearance to the front ; 
•staircases narrow and inconvenient ; rooms of good dimensions and well-proportioned, 
having, besides the principal windows, an upper tier. Damascus^ of which a slight view 
(Jig, 88.) is annexed, has been described as resembling a large camp of conical tents, which, 
on a nearer approach, are found to be small cupolas to the houses. Bnck, sun-dried, is the 
principal material, and the forms of the roofs mentioned are absolutely nece^ary to protect 
against the winter rains. Streets generally narrow, houses well supplied with fountains, 
and containing a large number of houses that may be ranked as palaces. Mosques, many 
in number, but presenting none that are very remarkable. The bazaars and baths of con- 
siderable size and splendour. In Bctgdad, there are many large squares. The gates erected 
by the caliphs are still in existence, and are fine specimens of Arabian art. Its walls of 
mud are 25 ft. in height, but within them are ramparts, carried on arches. In Bussorah^ 
the most remarkable feature is the mode in which they construct their arches, which is 
effected without centres. 

132. We do not think it necessary to detain the reader on the architecture of Moorish 
or Western Arabia. As in the eastern parts of the ancient empire, the houses usually 
consist of a court, whereof some or all of its sides are surrounded by galleries. Narrow 
rooms run generally parallel with the gallery, usually without any opening but the door 
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opening on to the gallery. Roofs are flat or terraced. Walls variously built, often of lime, 
plaster, and stones, carried up in a sort of casing, which is removed when the work is set. 


From want of good timber, the rooms are narrow. The mosques are by no means worthy 
of notice. Fezt an ancient Arabian city, contains some lofty and spacious houses. Its 
streets are narrow, and on their first floors have projections which much interrupt the light. 
In the centre of each house is an open quadrangle, surrounded by a gallery, communicating 
with a staircase. Into this gallery the doors of the apartments open. The ceilings are 
lofty, the floors of brick. All the principal houses are supplied with cisterns in the lower 
parts, for furnishing a supply to the baths, a luxury with which also every mosque is pro- 
videct In this town there are nearly two hundred caravanseras or inns, three stories high, 
in each of whose apartments, varying from fifty to one hundred, water is laid on for abliu 
tion. The shops, as in Cairo, are very small ; so much so, that the owner can reach all the 
articles he deals in without changing his posture. In Tripoli^ the houses rarely exceed one 
story in height ; but we must be content with observing that the character is still the same. 
“ Nec facies omnibus una, nee diversa tamen.” Though the late Sultan built a new palace 
in tlie Italian style at Coiistantinople, the Moslems will not easily relinquish a style inti- 
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mately ailiwl to their habits and religion, a style whereof fig. 89. will convey some idea to 
the reader. He is also referred to figs. 31, 32, and 33., as examples of the same style in 
Persia. ■' 
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Sect. XI. 

GRECIAN ARCHITECTURE. 


133. The architecture of Greece is identical with columnar architecture. Writers on 
the subject have so invariably treated the hut as the type on which it is formed, that, though 
we are not thoroughly satisfied of tbe theory being correct, it would be difficult to wander 
fr^m the path they have trodden. In the section on Egyptian architecture, we have alluded 
to the tombs at Beni*hassan, and we here present a representation of a portion of them 
from a sketch with which we were favoured many years since by Mr. Charles Barry 

^ {Jig- 90. ). The reader will, in it, be struck 

appearance of the Doric column, 
almost initspurity. Wilkinson {Manners 
and Customs of the Ancient Egyptians') is 
V, opinion that the date of these tombs is 

I ' ' ■ ■ '""^1 ! 1740 B. c., that is, in the time of the first 

Osirtasen, an a tiquity which can be as- 
jiji^ ! ' ! I , ■ signed to no example in Greece. These 

^ ** ii ! i tombs are excavated in a rock, a short dis- 

i i , \( tance from the Nile, on its right bank, about 

‘ forty-eight French leagues south of Cairo. 

I I -ijT; Two of them have architectural fronts like 
^ P'M above plate. The columns are five 

diameters and a half in height. Tlie num- 
■ _• • ber of the flutes, which are shallow, is 20, 

Fi(?. yo. TOMB At llB^^•HAssA^. ^od thc Capital consists of a simple abacus. 

There are no indications of a base or plinth. 
Above the architrave, which is plain, there is a projecting ledge of the rock, somewhat re- 
sembling a comice, whose soffit is sculptured, apparently in imitation of a series of reeds, laid 
transversely and horizontally. There certainly does, in this, appear some reference to 
imitation of a hut, and the refinement of the Greeks, in after ages, may have so ex- 
tended the analogy as in the end to account for all parts of the entablature. The tra- 
dition doubtless existed long before Vitruvius wrote, who gives us nothing more than the 
belief of the architects of his time. The point is not, at this time, likely to be answered 
satisfactorily ; if it could, it might be important, as leading to the solution of some points 
of detail, which limit the propriety or impropriety of certain forms in particular situations. 
Having thus cautioned the reader against implicit faith in the system we are about to 
develope, we shall preface it by the opinion, on this subject, of M. Quatremere de Quincy, 
an authority of great value in everything that relates to the art. Carpentry, says that 
writer, is incontestably the model upon which Greek architecture is founded ; and of the 
three models which nature has supplied to the art, this is, beyond doubt, the finest and most 
perfect of all. And again, he observes, whoever bestows his attention on the subject, will 
easily perceive that, by the nature of it, it includes all those parts that are effective for 
utility and beauty, and that the simplest wooden hut has in it the germ of the most mag- 
nificent palace. 

134. We must here premise that thb section is strictly confined to the architecture of 
Greece and its colonies. Much confusion has arisen from the want of strict limits to the 


term Grecian Architecture, one which has been indiscriminately applied to all buildings in 
which the orders appear. The orders were altered in their profiles, proportions, and details 
4>y the Romans ; and though between them and those of tbe Greeks there is a general resem- 
blance, and their members are generally similar, yet, on a minute examination, great differ- 
ence will be found. In tbe former, for instance, the contour of every moulding is a portion 
of a circle ; in the latter, the contours of the mouldings are portions of conic actions. In 
Roman architecture, we find the dome, which in Greek architecture never occurs. In the 
latter, the arch is never seen ; in the former, it is often an important feature. Indeed, the 
columnar style, as used by the Greeks, rendered arches unnecessary ; hence, in all imitation 
of that style, its introduction produces a discord which no skill can render agreeable to the 
educated eye. Attempts have been made by the modem German architects to introduce 
t^e use of the arch with Greek forms ; but they have been all signal failures, and that 
because it is incapable of amalgamation with the solemn majesty and purity of Greek com- 
position. Before such blending can be accomplished with success, the nature of pure Greek 
architecture must be changed. 

135. Following, then, the authors, ancient and modem, on the origin of the art, we now 
proceed to a development of its origin. The first trees or posts which were fixed in the 
earth for supporting a cover against the elements, were the origin of the isolated columns 
which afterwards became the supports of porticoes in temples. Diminishing in diameter 
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as they rose in height, the tree indicated the diminution of the column. No type, however, 
of base or pedestal is found in trees : hence the ancient Doric is without base. T!Tiis practice, 
however, from the premature decay of wood standing immediately on the ground, caus^ the 
intervention of a step to receive it, and to protect the lower surfoce from the damp. 
Scamozzi imaginps that the mouldings at the bases and capitals of column had their ori^n 
in cinctures of iron, to prevent the flitting of the timber from the superincumbent weight. 
Others, however, are of opinion that the former were used merely to elevate the shafts 
above the dampness of the earth, and thereby prevent rot. In the capital, it seems natural 
that its upper surface should be increased as much as poi^ible, in order to procure a grea^r 
area for the reception of the architrave. This member, or chief beam, whose name 
besp^ks its origin, was placed horizontally on the tops of the columns, being destmed, in 
effect, to carry the covering of the entire building. Upon the architrave lay the joists of 
the ceiling, their height being occupied by the member which is called the firieze. In Ae 
Doric order, the ends of these joists were called tiiglyphs, from their being sculptured ^th 
two whole and two half glyphs or ch a n n els. These, however, in the other orders in strictly 
Greek architecture, do not appear in the imitation of the type, though in Roman architec- 
ture it is sometimes otherwise, as in the upper order of the Coliseum at Rome, whwe 
they are sculptured into consoles. The space between the trigl^hs was, at an early period 
of the art, left open, as we learn from a passage In the Iphigenia of Euripide^ where 
Pvlades advises Orestes to slip through one of the metops, in order to gain admission into 
the temple. In after times, these intervals were filled up, and in the other orders they alto- 
gether disappear, the whole length of the frieze becoming one plain surface. The inclined 
rafters of the roof projected over the faces of the walls of the building, so as to deUver the 
rain clear of them. Their ends were the ori^n of the mutule or modillion, whereof the 
former had its under side inclined, as, among many other examples, in the Parthenon at 
Athens. The elevation, or as it is technically termed, pitch of the pediment, followed from 
the inclined sides of the roof, whose inclination depended on the nature of the climate. 
Thus authors trace from the hut the origin of the diJSerent members of architecture which 
a consideration of the annexed diagram will make more intelligible to the reader. Figs. 
91. ^nd 92. exhibit the parts of a roof in elevation and section: a a are the architraves or 
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trabest bb the ridge piece or catvmen; c the king-post or edlumnaof a roof ; d d the tie-beam 
or tranMtnm ; e tiie strut or capreolua; f f the rasters or cantkerii ; g g g g the purlines or 
templa ; h h the common rafters or cuseres. The form of the pediment became an object of 
so much admiration, and so essential a part of the temple, that Cicero says, if a temple were 
to be buUt in heaven, where no nun falls, it would be necessary to bestow one upon it.* 
** Capitolii &stigium illud, et csteramm sdium, non venustas sed necessitas ipsa fiibricata 
est. Nam cum ^set habita ratio quemadmodum ex utraque parte tecti aqua delaberetur 
utilitatem templi fasti^i dignitas consecuta est, ut etiam si in ceelo capitolium statueretur 
ubi imber esse non potest, nullam sine fastigio dignitatem babiturum fuisse videatur.** 
(De Oratore, lib. iii.) The inclination of the pediment will be hereafter discussed, when 
we speak on the article Roof, in another part of the work. Under the section on Cyclopean 
Architecture, mention has been made of the works at TIryns and Mycene. 'We do not think 
th^e is sufficient chain of evidence to connect those ruins with the later Grecian works, 
though it must be confessed that the temples of Sicily, especially at Selinus, and perhaps 
those at Psestum, are connecting links. Perhaps the sculptures at Selinus might be pro- 
perly called Cyclopean sculpture, in its more refined state. 

ISfi. Architecture, as well as all the other arts, could only be carried to perfection by 
slow steps. Stone could not have been used in building until the mechanical arts bad been 
well known. It is curious that Pliny gives the Greeks credit only for caves as their ori- 
ginal dwellings, from which they advanced to simple huts, built of earth and clay. His wonU 
are (lib. vii. s. 57.), “ Laterarias ac domes constituerunt primi Euryalus et Hyperbias 


Chap. II. 


GRECIAN. 


59 


fratres Athenis : antea specus erant pro domibus.** Tliis, perhaps, is no more than a tradi- 
tionary fable. Fables of this kind, however, c^ten have some foundation in fact. We are 
not always inclined to discard them, for we have little more than tradition for the early ex- 
cellence of the Athenians in civil^tion, a nation among the Greeks who first became a 
body politic, and whose vanity caused them to assume the name of Avrox^over, from a 
belief, almost sanctioned by Plato, that their ancestors actually rose from the earth. How 
strong the prevailing opinion was of the ori^nal superiority of the Athenians, may be 
gathered from Cicero, in bis oration for Flaccus. “ A^unt,” he says, ^ Athenienses, unde 
huimmitas, doctrina, religio, fruges, jura, leges ort£C, atque in omnes terras distributee 
putantur : de quorum urbis possessione, propter pulchritu^em, etiam inter deos certamen 
fuisse proditum est : quee vetustate ea est, ut ipsa ex sese suos cives genuisse dicatur."’ But 
we shall not attempt, here, an early history of Greece ; for which this is not the place, and, if 
accomplished, would little answer our views. The Greeks exhibited but little skill in their 
earliest edifices. The temple of Delphi, mentioned by Homer, in the first book of the 
Iliad (v. 404. et seq. ), which Bryant supposes to have b^n originally founded by Egyptians, 
was, as we l^m from Pausanias (^Pkocic. c. 5. ), a mere hut, covered with laurel branches. 
Even the celebrated Areopagus was but a sorry structure, as we learn from Vitruvius 
(lib. ii. cap. 1.), who judged of it from its nuns. The fabulous Cadmus — for we cannot 
help following Jacob Bryant in his conjectures upon this personage — has been supposed 
to have existed about 1519 b. c.,to have instructed the Greeks in the worship of the 
Egyptian and Phoenician deities, and to have taught them various useful arts ; but this 
carries us so far back, that we should be retracing our steps into Cyclopean architecture, if 
we were here to dwell on the period ; and we must leave the reader — as is our own, and as 
we apprehend will be the case with all who may succeed us — .to grope his way out of the 
darkness as best he may. 

137. The earliest writer from whom gleanings can be made to elucidate the architecture 

of Greece is the father of poets. To Homer we are obliged to recur, little as we approve 
of the architectural graphic flights in which the poet is wont generally to indulge. 'Hiough 
the Odyssey may not be of so high antiquity as the Iliad, it is, from internal evidence, of 
great age, for the poem exhibits a government strictly patriarchal, and it sufficiently proves 
that the chief buildings of the period were the palaces of princes. We may here, in 
passing, observe, that in Greece, previous to Homer and Hesi<^, the sculptor's art appears 
to have been unknown, neither was practised the representation of Gods. The words of 
Athenagoras (Xey. pro Christ xiv.) are— A/ 5’eucoi'es psxpi xKamxVt 'ca* 

ay^piayroxoiYirucfj ricav, ouSe fpofju^ojrro. The altar, which was merely a structure for sacred 
use, was nothing more than a hearth, whereon the victim was prepared for the meal ; 
and it was not till long after Homer's time that a regular priesthood appeared in Greece. 
In Sparta, the kings performed the office. In Egypt, the dignity was obtained by inherit- 
ance ; as was the case in other places. The Odyssey places the ^tar in the king's palace ; 
and we may reasonably assume that the spot was occasionally, perhaps always, used as the 
temple. From such premises, it is reasonable to conjecture that until the sacerdotal was 
separated from the kingly office, the temple, either in Greece or elsewhere, bad no existence. 
It may not be without interest to collect, here, the different passages in the Odyssey, which 
bear upon the nature and construction of the very earliest buildings of importance. 
Between the av\ri and the Sofujs there must have been a distinction. The former, from its 
etymology cuo, must have been a locus svbdialis ; and though it is sometimes used ( Iliad, Z. 
247. ) for the whole palace, such is not generally its meaning in the Odyssey. The catXti was 
the place in which the female attendants of Penelope were slain by Telemachus ( Odyss, X. 
446. ), by tying them up with a rope over the ^o\qs or ceiling. Hence we arrive at the 
conclusion that this i^oAos belonged to the OABovca or cloister, supposing, as we have done, 
f^at the ca/Kri was open at top, and the aiOovaa is described {Piad, T. 176.) as epiSoi/iros, that 
is, sonorous or echoing, and as circumscribing the open part of the ovXii. Ilie i&oXos was 
supported by Ktoves, posts or columns, and in the centre of the av\ri stood the fiopos or altar. 
If our interpretation be correct, the finro^fiau in this arrangement must be the spaces between 
the columns or posts, or the intercolumniations, as the word is usually translated ; and the 
pas^ge in the Odyssey (T. 37.), wherein Telemachus is said to have seen the light on the 
Halls, becomes quite clear. The passage is as follows : — 

£ uimii ftM vuxM xecXea -n 

EiXetrtnu Ti doacw, xeu Xfarif 
if8aXfjL«is . 

There seems no doubt that the word oidovao. will bear the interpretation given, and the 
arrangement is nothing more than that of the hypsethral, and even correspondent with the 
Egyptimi temple, particularly that of the temple at Edfou, described by Denon, and repre- 
sent^ in his plate 34. 

138. Before we quit this part of our subject, let us consider the description which 

Homer ( Ody^. H. 81, ) gives of the house of Alcinous as illustrative of Greek architecture. 
This dwelling, which Ulysses visited, had a brazen threshold, ouSos. It was or 
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lofty-roofed. The walls were brazen on every side, ftrom the threshold to the innermost 
part. This, however, is rather poetic. The coping ^ptyxos was of a blue colour. The 
interior dooi^ are described as gold. The jambs of them, araOfiot, were of silver on a brazen 
threshold. The lintel virepBvptov was silver, and the cornice Kopuvij of gold. Statues of 
dogs, in gold and silver, which had been curiously contrived by Vulcan himself, guarded 
the portal. Thus far, making all due allowance for the poet’s fancy, we gain an insight into 
what was considered the value of art in his day, more dependent, it would seem, on material 
than on form. Seats seemed to have been placed round the interior part of the house, on 
which seats were cushions, which the women wrought. But we must return to the in- 
struction of the av\7t, inasmuch as in it we find considerable resemblance to the rectangular 
and columnar disposition of the comparatively more recent temple. 

1 39. It would be a hopeless task to connect the steps that intervened between the sole 

use of the altar and the establishment of the temple in its perfection ; though it might, did 
our limits permit the investigation, be more easy to find out the period when the regular 
temple became an indispensable appendage to the religion of the country. It is closely 
connected with that revolution which abolished the civil, judicial, and military offices of 
kings leaving the sacerdotal office to another class of persons. Though in the palace of the 
king no portion of it was appropriated to religious ceremony, the spot of the altar only 
excepted, yet, as it was the depository of the iiimiture and utensils requisite for the rite of 
sacrifice, when the palace was no more, an apartment would be wanting for them ; and this, 
conjoined with other matters, may have suggested the use of the cell. Eusebius has con- 
jectured that the temple originated in the reverence of the ancients for their departed 
relations and friends, and that they were only stately monuments in honour of heroes, firom 
whom the world had received considerable benefit, as in the case of the temple of Fallas, at 
Larissa, really the sepulchre of Acrisius, and the temple of Minerva Polias at Athens, which 
is supposed to cover the re main s of Erichthonius. The passage in Virgil ii. v. 74.) — 

tumulum antiqua Cereris, sedemque sacratain 

Venimus — 

is explanatory of the practice of the ancients in this respect ; and, indeed, it is well known 
that sacrifices, prayers, and libations were offered at almost every tomb ; nay, the resting- 
place of the dead was an asylum or sanctuary not less sacred than was, afterwards, the temple 
itself. From Strabo (lib. ii.) it is clear that the temple was not always originally a struc- 
ture dedicated to a god, but that it was occasionally reared in honour of other personages. 

140, Before proceeding to that which is more accurately known, it may not be unin- 

structive to the reader to glance at the houses of the Greeks, as may be gathered from 
passages in the Iliad and the Odyssey. We shall merely remind him that Priam’s house 
had fifty separate chambers, though he lived in a dwelling apart from it. These houses 
were, in some parts, two stories, in heiglit, though the passages supporting that assertion 
(//lad, B. 514-16. 184.) have been pronounced of doubtful antiquity. There is, how- 
ever, not the slightest doubt that the dwellings of the East consisted of more than a 
single story. David wept for Absalom in the chamber over the gate (2 Sam, xviiL 33.). 
The altars of Ahaz were on the terrace of the upper chamber (3 Kinffs, xxiii. 12.). The 
summer chamber of Eglon had stairs to it, for by them Ebud escaped, after he had revenged 
Israel (Judges, iii. 20. ; 1 Kings, vi. 8.), In the Septuagint, these upper stories are all repre- 
sented by the word uwcpawv, the same employed by Homer. The Jewish law required 
(Deut. xxu. 8.) the terraces on the tops of their houses to be protected by a battlement ; 
and, indeed, for want of a r^ng ( Odyss, K. 552. et seq.) of this sort, Elpenor, one of the 
companions of Ulysses, at the palace of Circe, fell over and broke his neck. The use of 
the word icAy*o| in the Odyssey, connected with the words ayaSaivetv and Karaiaiyeiv, and 
the substantive is of frequent occurrence : it is either a ladder or a staircas^ and 

which of them is unimportant ; but it clearly indicates an upper story. To a comparatively 
late period, the Greek temple was of timber. Even statues of the deities were, in the 
time of Xenophon, made in wood for the smaller temples (lib. iv. c, 1.), where the revenue 
of them was not ad^uate to afford a more expensive material. But time and accidents 
would scarcely permit their prolonged duration, and none survived long enough to allow of 
a iH-oper description of them reaching us. The principle of their construction necessarily 
bore some relation to the materials employed, and the use of stone must have imparted new 
features to them. In timber, the beam (epistylitun), which was borne by the columns, 
would probably extend in one piece through each face of the building. But in a stone 
construction this could not take place, even bad blocks of such dimensions been procurable, 
and had mechanical means been at hand to place them in their proper position. From this 
alone follows a diminution of spaces between the columns. The arch, be it recollected, was 
unknown. It is curious to observe that the relaUve antiquity of the examples of Grecian 
Doric may be expressed in terms of the intercoluraniations; that is, the number of di^e- 
ters forming the intervals between the columns. There is, moreover, another point w^hy 
of notice, which is, that their antiquity may be also estimated by the comparison of the 
heights of the columns compared with their ^ameters. This, however, will require 
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further consideration when we come to treat of the orders : here it is noticed only inci- 
dentally. Though we are not inclined to place reliance on the account given by Vitruvius 
of the origin of the orders of architecture, we should scarcely be justified in its omission 
here. It seems necessary to notice it in any work on architecture ; and, after remarking 
that the age which that author assigns for their origin is long before Homer’s time, at 
which there seems no probability of their existence, from the absence of all reference to 
them in his poems, we here subjoin the account of Vitruvius (lib. iv. c. 1.) : — “ Dorus, son 
of Hellen and the Nymph Orseis, reigned over Achaia and Peloponnesus. He built a 
temple of this (the Doric) order, on a spot sacred to Juno, at Argos, an ancient city. 
Many temples similar to it were afterwards raised in the other parts of Achaia, though, 
at that time, its proportions were not precisely established. When the Athenians, 
in a general assembly of the states of Greece, sent over into Asia, by the advice 
of the Delphic oracle, thirteen colonies at the same time, they appointed a governor 
over each, reserving the chief command for Ion, the son of Xuthus, and Creusa, 
whom the Delphic Apollo had acknowledged as son. He led them over into Asia, 

where they occupied the borders of Caria, and built the great cities of Ephesus, 

Miletus, My us (afterwards destroyed by inundation, and its sacred rites and suffrages 
transferred by the lonians to the inhabitants of Miletus), Priene, Samos, Teos, Colophon, 
Chios, Erythr®, Phoc^ea, Clazomene, Lebedos, and Melite. This last, as a punishment for 
the arrogance of its citizens, was detached from the other states in the course of a war 
levied on it, in a general council, and in its place, as a mark of favour towards king 
Attains and Arsinoe, the city of Smyrna was received into the number of the Ionian states. 
These received the appellation of Ionian, after the Carians and Lelegae had been driven 
out, from the name of Ion, the leader. In this country, allotting different sites to sacred 
purposes, they erected temples, the first of which was dedicated to Apollo Panionius. It 
resembled that which they had seen in Achaia, and from the species having been first used 
in the cities of Doria, they gave it the name of Doric. As they wished to erect this 

temple with columns, and were not acquainted with their proportions, nor the mode in 

which they should be adjusted, so as to be both adapted to the reception of the superin- 
cumbent weight, and to have a beautiful effect, they measured a man’s height by the 
length of the foot, which they found to be a sixth part thereof, and thence deduced the 
proportions of their columns. Thus the Doric order borrowed its proportion, strength, 
and beauty from the human figure. On similar principles, they afterwards built the temple 
of Diana ; but in this, from a desire of varying the proportions, they used the female 
figure as a standard, making the height of the column eight times its thickness, for the 
purpose of giving it a more lofty effect. Under this new order, they placed a base as a 
shoe to the foot. They also added volutes to the capital, resembling the graceful curls of 
the hair, hanging therefrom, to the right and left:, certain mouldings and foliage. On the 
shaft, channels were sunk, bearing a resemblance to the folds of a matronal garment. 
Thus were two orders invented ; one of a masculine character, without ornament, the other 
of a character approaching the delicacy, decorations, and proportions of a female. The 
successors of these people, improving in taste, and preferring a more slender proportion, 
assigned seven diameters to the height of the Doric column, and eight and a half to the 
Ionic. That species, of which the lonians were the inventors, has received the appellation 
of Ionic. The third species, which is called Corinthian, resembles in its character, the 
graceful elegant appearance of a virgin, whose limbs are of a more delicate form, and 
whose ornaments should be unobtrusive. The invention of the capital of this order arose 
from the following circumstance. (^Fig. 93.) A Corinthian virgin, who was of mar- 
riageable age, fell a victim to a violent disorder ; after her 
interment, her nurse, collecting in a basket those articles to 
which she had shown a partiality when alive, carried them 
to her tomb, and placed a tile on the basket, for the longer 
preservation of its consents. The basket was accidentally 
placed on the root of an acanthus plant, which, pressed 
by the weight, shot forth, towards spring, its stems and 
large foliage, and in the course of its growth, reached the 
angles of the tile, and thus forftied volutes at the extremi- 
ties. Callimachus, who, for his great ingenuity and taste 
in sculpture, was called by the Athenians itaTaTexvor, hap- 
Fig. 93. ORJGW or toiuKnuAN capitai.. pening at this time to pass by the tomb, observed the basket 
and the delicacy of the foliage that surrounded it. Pleased with the form and novelty of the 
combination, he took the hint for inventing these columns, using them in the country about 
Corinth,” &c. Now, though we regret to damage so elegant and romantic a story, we 
must remind those who would willingly trust the authority we have quoted, that Vitruvius 
speaks of matters which occurred so long before his time, that in such an investigation as 
that before us we must have other authentication than that of the author we quote, and 
most especially in the case of the Corinthian capital, whose type may be referred to in a 
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vast number of the examples of Egyptian capitals, one of which, among many, is seen 
\nfig. 94. ... 

141. The progress of the art in Greece, whose inhabitants, in 
the opinion of the Egyptian priests in the time of Solon, were 
so ignorant of all science that they neither understood the mytho- 
logy of other nations nor their own (Plato, in TimtBo), cannot be 
satisfactorily followed between the period assigned to the siege of 
Troy and the time of Solon and Pisistratus, or about 590 b. c. But 
it is, however, certain that within four centuries after Homer’s time, 
notwithstanding their originally coarse manners, the Grecians attained 
the highest excellence in the arts. Goguet is of opinion the nurture 
of the art was principally in Asia Minor, in which country, he thinks, 
we must seek for the origin of the Doric and Ionic orders, whilst 
in Greece Proper the advancement was slow. The Corinthian order 
was, however, the last invented, and it seems generally agreed that its invention belongs to 
the mother country ; but this we shall not stop to discuss here. The Temple of Jupiter, 
at Olympia, one of the earliest temples of Greece (Pausanias, Eliac. Pr. c. 10.), was 
was built about 630 years before the Christian era ; and after this period were reared 
temples at Samos, Priene, Ephesus, and Magnesia, and other places up to that age when, 
under the administration of Pericles, the architecture of Greece attained perfection, and 
the highest l>eauty whereof it is supposed to be susceptible, in the Parthenon 95.) 
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at Athens. The date of the erection of the temple of Diana, at Ephesus, was really as 
remote as that of the temple we have just mentioned. If Livy had sufficiently our confi- 
i dence, and we concede that other writers corroborate his statement (lib. i. c. 45.), its date 
is as ancient as the time when Servius Tullius was king of Rome. Great, however, as wefe 
iJie works which the Grecians executed, the mechanical powers were, if one may judge from 
Thucydides (lib- iv.), not compendiously applied for raising weights. 

142. 'Fhe origin of the Doric order is a question not easily disposed 'of. Many provinces 
of Greece bore the name of Doria ; but a name is often the least satisfactory mewie of ac- 
counting for the birth of th^e thing which bears it. We have already attempted to account 
for the parts of this order by a reference to its supposed connection with the hut. The 
writer, in the Encychpedie Methodique., truly says that if the Doric had an inventor^ that 
inventor was a people whose wants were, for a long period, similar, and with whom a style 
of building prevailed suitable to their habits and climate, though but slowly modified and 
carried to perfection. At the beginning of this section, we have, however, sufficiently 
spoken on this matter. But there are some peculiarities to be noticed with respect to the 
l>oric order, which we think will be better given here than in the third book, where we 
propose to treat of the orders more fiilly ; and these consist in the great differences which 
are found in its proportions and parts in different examples. For this purpose, several 
buildings have been arranged in the following table, wherein the first column exhibits the 
name of the building; tiie second the height of the column, of the example as a nume- 




Ch\p. II. 


GRECIAN 


63 


rator, and its lower diameter as a denominator, both in English feet ; the third is the 
quotient of the second, showing the height of the column, expressed in terms of its lower 
diameter ; the fourth column shows the height of the entablature in terms of the diameter 
of the column ; the fifth column gives the distance between the columns in the same 
terms ; and the sixth shows the height of the capitals also in the same terms : — 


Example. 

# 

Height divided | 
bjr lower Diameter i 
in English Feet. 

Diameten 

high. 

Height of 
Entablature 
in Tenni ot 
Diameter. 

Interco* 

lumoiations. 

Hdght of 
Capital 
in terms of 
Diameter. 



23'713 


4^ 


1*362 

*405 



5-83 




Hyp«thrai Temple at Psstum 

- 

28950 

too 

=S 

4*134 

1*741 

1*167 

•549 

Enneastjle Temple at Pmstum 

- 

21*000 

4*85 

= 

4*329 

1*140 

1*064 

-500 

Greater Hexastyle Temple at Sclintia 

- 

32*678 

7*49 

= 

4-361 

2*200 

1*490 

•490 

Temple of Minerva at Syracuse 

- 

29*665 

6*50 

= 

4-410 



*486 

Octastyle Hypaethral Temple at Selious 

- 

49*585 
■ 10*62 

= 

4-572 

2-038 

, 1*023 

•450 

Temple of Juno Lucina at Agrigentum 


21*156 

4*59 

= 

1 

4-605 



*570 

Temple of Concord at Agrigentum 


22*062 


4-753 

1*976 

1-071 

■487 


4-64 




20-383 


4*795 

1-917 

1-lU 

•564 



4-24 


Temple of Jupiter Panhellenius at Egina 

- 

17-354 

3-22 

= 

5*395 


1*680 

■486 

Parthenon - - - - 

- 

34-232 

6*15' 

= 

5-566 

1*977 

1*275 

•459 

Temple of Theseus at Athens 

- 

18*717 

3*^ 


6-669 

1*964 

1*250 

■602 

Temple of Minerva at Sunium 

- 

19*762 

3*34 


5-899 

1-928 

1*472 

■372 

Boric Portico of Augustus at Athens 

- 

26*206 

4*33 

= 

6-042 

1*724 

1*046 

•374 

Temple of Apollo, Island of Delos • 

- 

18*721 

30j2 

= 

6-052 

1 900 

1 500 

•555 

Temple of Jupiter Neraeus - 

- 

33 932 

522 

= 

1 6-515 

1*560 

1*348 

•383 

Portico of Philip of Macedon 

- 

19*330 

2-86 

= 

j 6*535 

1*867 

2-700 

■460 

1 


143. Casting our eye down the third column of the above table, we find the height of 
the column in terms of its lower diameter varying from 4 065 to 6*535. Lord Aberdeen 
{Inquiry into the Principles of Beauty in Greek Architecture, 1822) seems to prefer the pro- 
portion of the capital to the column, as a test for determining its comparative antiquity ; 
but we are not, though it is entitled to great respect, of his opinion, preferring, as we do, 
a judgment from the height as compared with the diameter to any other criterion ; although 
it must be admitted that it is not an infallible one. The last columns shows what an in- 
constant test the height of the capital exhibits. There is another combination, to which 

reference ought to be made, the height of the entablature, which forms the third column 

of the table, in which it appears that the most massive is about one third the height of the 
whole order, and the lightest is about one fourth, and that these proportions coincide with 
the thickest and the thinnest columns. 

144. The entasis or swelling, which the Greeks gave to their columns, and first veri- 
fied by tiic observations of Mr. Allason, was a refinement introduced probably at a 
late period, though the mere diminution of them was adopted in the earliest times. 
The practice is said to have its type in the law which Nature observes in the formation 
of the trunks of trees. This diminution varies, in a number of examples, from one 
fifth to one third of the lower diameter ; a mean of sixteen examples gives one fourth. 
The mere diminution is not, however, the matter for consideration ; but the curved 
outline of the shaft, which is attributed to some refined perception of the Greeks, 
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relative to the apparent diminution of objects as their distance from the eye was increased, 
which Vitruvius imagines it was the object of the entasis to correct. It cannot l>e denied 
that in a merely conical shaft there is an app^rance of concavity, for which it is difScult 
to account, llie following explanation of this phenomenon, if it may be so called, is 
given by our esteemed and learned friend, Mr. Narrien, in the Encyc. Metropol. art. Ar- 
chitecture. “ When,” he observes, “ we direct the axis of the eye to the middle of a tali 
column, the organ accommodates itself to the distance of that part of the object, in order 
to obtain distinctness of vision, and then the oblique pencils of light from the upper and 
lower parts of the column do not so accurately converge on the retina : hence arisies a 
certain degree of obscurity, which always produces a perception of greater magnitude than 
would be produced by the same object if seen more distinctly. The same explanation 
may serve to account for the well-known fact, that the top of an undiminished pilaster 
appears so much broader than the body of its shaft ; to which, in this case, may be added 
some prejudice, caused by our more frequently contemplating other objects, as trees, which 
taper towards their upper extremities.” Connected in some measure with the same optical 
deception is the rule which Vitruvius lays down (book iii. chap. 2.) for making the 
columns, at the angles of buildings, thicker than those in the middle by one fiftieth part 
of a diameter, — a law which we find followed out to a much greater extent in the temples 
of the Parthenon and of Theseus, at Athen^ where the columns at the angles exceed in 
diameter the intermediate ones by one forty-fourth and one twenty-eighth respectively. 
Where, however, the columns were viewed agmnst a dark ground, some artists think that a 
contrary deception of the eye seems to take place. 

145. In the investigation of the Doric order, among its more remarkable features are to 
be noted the longitudinal striae, called flutes, into which the column is cut ; every two 
whereof unite, in almost every case, in an edge. Their horizontal section varies in different 
examples. In some, the flutes are formed by segments of circles ; in others, the form ap- 
proaches that of an ellipsis. The number all round is usually twenty; such being the case 
at Athens ; but at P®stum the exterior order of the great temple has twenty-four, the lower 
interior order twenty, and the upper interior sixteen only. It has been strangely imagined, 
by some, that these flutings, which, be it remembered, are applied to the other orders as 
well as to the Doric, were provided for the reception of the spears of persons visiting the 
temples. The conjecture is scarcely worth refutation, first, because no situation for the 5ovpo- 

(place for spears) would have led to their more continual displacement from accident ; 
and secondly, because of the sloping or hemispherical form in the other orders, the foot of 
the spear must have immediately slid off. Their origin may probably be found in the 
polygonal column, whose sides received a greater play of light by being hollowed out,— .a 
refinement which would not be long unperceived by the Greeks. 

146. We shall now notice some of the more important Doric edifices, as connected with 
the later history of the Doric order, which was that most generally used by the European 
states of Greece, up to their subjugation by the Romans. The temple of Jupiter Pan- 
hellenius, at Egina, is probably one of the most ancient in Greece. The story, however, of 
Pausanias, that it was built by ^acus, before the war of Troy, is only useful as showing 
us its high antiquity. ( Fiy. 96, ) The proportions of its columns and entablature are to be 
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fouad ia a preceding page. Hie sculpture with which this builcHng was decorated is now 
at Municfa. Hiough, perlu 4 >s, not so old as the huildit^ itself, it is an antiquity coeral 
with the P^ian invasion. The n^zie of the ^hitect of this temple was libon, of whom 
no other work is known ; its age is, p^haps, from about 600 years before Christ. The 
l>cH*ic temple at Corinth, of which fire columns, with their architrave, are still in existence, 
is a very early specimen Grecian architecture. The assertion that it was dedicated to 
Venus is unsupported by testimony. 

147. Tlie Gr^ian temples in Sicily were erected at periods which it is not easy to fix ; 
and^ilh resf^ct to them, we can only, from circumstances connected with the island, reason 
on the dates to be assigned to them. The founding of the city of Selinus or Selinuns, on 
the south-west coast of the island, has usually attributed to a colony from Megara ; 
but we are of opinion with the Baron IHsani (^Memoria svUe Metope Sdinuntine) that it 
existed as a Pbcenician city long previous to the settlement there by the Megarsans. The 
style and forms of the sculpture of the Selinuntine temples seem to bear marks of a 
remoter than is usually allowed to them, that is, 500 years b. c. Of the means and 
the ch%umstai»es und^ which they were rai^d we are ignmant ; but their ruins sufficiently 
indicate the wealth and power that were em^oyed upon them, as well as a considerably 
advanced state of the art 

148. The temple of Jupiter Olyrapius, the largest in the island, and one of the most 
stupendous monuments of antiquity, was, as we learn from Diodorus (lib. xiii. p. 82.), 
never completed. Hie Agrigentines were occupied upon it when the city was t^en by 
Hamiicar, in the 93d Olympiad. Its columns were on such a scale that their fiutes 
were sufficiently large to receive the body of a man. The temples of Peace and of 
Concord, in the few vestiges that remain of them, attest the ancient magnificence of the 
city of Agrigentum, and are among the most beautiful as well as the best preserved 
remains of antiquity. A Corinthian colony established itself at Syracuse, as is said, 750 
B. c. ; but no details of the history of the city fiimish us with the means of ascertaining 
when the first temples there were erected. Its riches and magnificence were, however, 
such that it «)on becmne an object of temptation to the Carthaginians. Its temple of 
Minerva is evidently of very remote antiquity. 

149. The great Hyp®thral temple at Paestum was probably constructed during the 
period that the city icas under the power of the Sybarites, who dispossessed its original 
inhabitants, enjoying, for upwards of two hundred years, the fruits of their usurpation. 
Marks of Greek art are visible in it, and the antiquity of the Hypasthral temple itself is 
confirmed by the example. The city fell into the hands of the Lucanians about 350 years 
B.C. ; after which, in about 70 years, it was a municipal town of the Roman empire. The 
following is perhaps the chronological order of the principal building of Sicily and Magna 
Graecia ; viz. Syracuse, Paestum, Selinus, Segesta, and Agrigentum. 

150. The dates of the edifices at Athens zxe, without difficulty, accurately fixed. The 
I^opyheum 97 and 98.) was commenced by Mnesicles about 437 b.c,, and, at a great 
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expense^ was completed in five years. It is a specimen of the military architecture of the 
period, and at the same time forms a fine entrance to the Acropolis of Athens. At the rear 
of its Doric portico the roof of the v^tibule was supported within by two rows of Ionic 
columns, whose bases still remain. By the introduction of these an increased height was 
obtained for the roof, the abaci of the loiuc capitals being thus brought level with the ex« 



As well as the building last mentioned, it was reared at the period when Pericles had the 
management of public afifairs, and was without a rival in Athens. Phidias was the super- 
intendent sculptor employed ; and many of the productions which decorated riiis magnifi- 
ed edifice have doubtless become known to riie reader in bis visits to riie British Museum, 
where a large portion of them are now deposited. Nearly coeval with the Propylaeum and 
Parthenon, or periiaps a little earlier, is the temple '^eseus (Jig. 101.), which was, it 
is supposed, ^ected to receive the ashes of Bie national faer^ when r^aoved from Scyros 
to Athens. The ruins of the architectural monuments of this city attest that the boasted 
power and opulence of Greece was iK»t an idle tale. Pericles, indeed, was charged by his 
enemies with having brought disgrace upon the Athenians by removing the public trea- 




Chap. If. 


GRECIAN 


67 


sures of Greece from Delos, and lavishing them in gilding their city, and ornamenting it 

with statues and temples that 
cost a thousand talents, as a 
proud and vain woman tricks 
herself out with jewels. (P/w- 
iarch’s Life of Pericles,) The 
temple of Minerva, at Sunium, 
was probably by Ictinus ; but 
one of the happiest efforts of 
this architect was the temple 
of Apollo Epicurius, in Arca- 
dia, still nearly entire. Tlie 
peculiarities found in it we will 
shortly detail. The front has 
six columns, and instead of 
thirteen in each flank (the usual 
number) there are fifteen. In 
the interior, buttresses on each 
side, to the number of six, re- 
turn inwards from the walls of the cell, each ending in semicircular pilasters of the Ionic order. 
These seem to have been brought up for the facility of supporting the roof, which was of 
stone. With the exception of the temple of Minerva at Tegea, its reputation for beauty was 
such, that it surpassed, if that be a true test, all other buildings in Peloponnesus. Its situ- 
ation is about three or four miles from the ruins of Phigalia, on an elevated part of Mount 
Cot 3 'lus, commanding a splendid landscape, which is terminated by the sea in the distance. 

151. About 370 B.C., Epaminondas restored the Messenians to independence, and built 
the city of Messene. The ruins still extant prove that the art at that period had not ma- 
terially declined. Its walls, in many parts, are entire, and exhibit a 6ne example of Grecian 
military architecture in their towers and gates. At no distant time from the age in ques- 
tion the portico of Philip of Macedon, at least his name is inscribed on it, shows that tne 
Doric order had undergone a great change in its proportions. This portico must have been 
erected about 338 8.c., and after it the Ionic order seems to have been more favoured and 
cultivated. The last example of the Doric is perhaps the portico of Augustus, at Athens. 

152. Before proceeding to the investigation of the Ionic order, it may here, perhaps, be 
as well to speak of the proportions between the length and breadth of temples, as compared 
with the rules given by Vitruvius (book iv. chap. 4.), that the length of a temple shall be 
double its breadth, and the cell itself in length one fourth part more than the breadth, in- 
cluding the wall in which the doors are place*^ lliough in the Greek examples these 
proportions are approximated, an exact conformity with the rule is not observed in any. The 
length, for instance, of the temple of Jupiter, at Selinus, is to the breadth as 2*05 to 1 ; in 
the temple of Theseus, as 2 '3 to 1 ; and from the mean of six examples of the Doric order, 
selected in Greece and Sicily, is 2*21 to 1. If the flanks be regulated in length by making 
the number of intercolumniatlons exactly double those in front, it will be immediately seen 
that the proportions of Vitruvius are obtained on a line passing through the axes of the 
columns. But as in most of the Greek temples the central intercolumniation in front is 
wider than the rest, the length of the temple would necessarily be less than twice the width. 
In the earlier specimens of the Doric order the length is certainly, as above mentioned in 
the temple of Jupiter at Selinus, very nearly in accordance with the rule ; but in order to 
counteract the effect of the central intercolumniation being wider, the number of columns, 
instead of intercolumniations on the Hank, is made exactly double those in front. In 
^he later examples, however, as in the temples of Theseus and the Parthenon, and some 

others, the number of intercolumniations on the flank was made double the number of 
columns in the front, whence the number of columns on the flanks was double the number 
of those in front and one more ; so that the proportion became nearly in the ratio of 2*3 to 1. 
The simplicity which flowed from these arrangements in the Grecian temples was such 
that it seems little more than arithmetical architecture, — so symmetrical that from the three 
data, the diameter of the column, the width of the intercolumniation, and the number of 
col umns in front, all the other p^s might be found. 

153. Hie Ionic order, at first chiefly confined to the states of Asia Minor, appears to have 
been coeval with the Doric order. The most ancient example of it on record is the temple 
of Juno, at Sam<^ Herodotus (^Euterpe) says, it was one of the most stupendous edifices 
erected by riie Greeks. In the Ionian Antiquities (2d edit. vol. i. c. $,) is to be found an 
account of its ruins. It was erected about 540 years b.c., by Rh^us and Theodorus, two 
native of the island. The octastyle temple of Bacchus, at Teos, in whose praise Vitruvius 
■was lavish, shows by its ruins that the old master of our art was well capable of appre- 
ciating the beauties of an edifice. Hermogenes, of Alabanda, was its architect, and be 
seems to have been the promoter of a great change in the taste of his day. Vitruvius 
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(Rbw IT. ^ 3.) tetls us that Hermogenes, " after having prq}ared a lai^ quantity of marble 
fyr a 0orto temple, changed bis mind, and, with the materials collected made it of the 
Ionic <wder, in honour of Bacchus. ” We are bound, howev^, to observe upon this,^ that 
the stiMry is not confirmed by any other writer. It is probable that this splendid building 
was raised after the Persian invasion ; for, according to Strabo (lib. xiv.), all the sacred 
edifices of the Ionian cities, Ephesus excepted, were destroyed by Xerxes. Brides this 
octastyle temple, those of Apollo Didymsus, near MDetus, built about 376 B.C., and of 
Minerva Polias, at Prien^ dedicated by Alexander of Macedon, are the chief temples of 
this (^der of much feme in the colonies. We shall therrfore ccmfine our remaining re- 
marks to the three Ionic temples at Athens, and shall, as in the Doric order, subjoin a 
^noptical view of their detail. 


Sample. 

Height divided 
b> lower Dixmeter, 
la Engbsh Feet. 

jDiameten 

hi^ 

Heijait of 
Entablatore 
in terms of 
Diameter. 

Intecco- 

lonmiations. 

Heii^taf 
Capital in 
terms of 
IKameter. 

Upper 
Diameter^ 
lower Diam. 
bting l*00a. 

Temi^e cm the Iljssus 

14 694 _ 
1783 

8 241 


2*090 


-850 

Tonple of Minerva Polias - 

2.‘i-387 

2786 

9119 


3*500 


•833 

Temple of Erectheus 

21*625 _ 
2317 

9*337 


2*000 

0*773 

•816 


154. We here see that the Ionic column varies in height from eight diameters and nearly 
a quarter to nearly nine and a half, and the upper diameter in width between and 
The dissimilarity of the capitals renders it impossible to compare them. The mean height 
of the entablature is about a fourth of the height of the whole order. The height of the 
Grecian Ionic comice may be generally considered as two-ninths of the whole entablature. 

155. The age of the double temple of Minerva Polias {Jiff. 202.) and Erectheus has 
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oot beCT accurately ascertained. From the earliest times these personages were held in 
high veneration hy the Athenians, and it is more than likely that a confusion has arisen 
between tte ancient and modern ediSces. The former was partially destroyed by Xerxes, 
and there is no certainty that the latter was restored by Pericles. 

156. In the bases applied to the order in the Athenian buildings there are two ion, with 
a Ke«a <» troekiba between them, a fillet below and above the scotia separating it” from 
the tori. The lower fillet generally coincides with a vertical line let fell from the extreme 
projection of the upper torus. In the temple on the llyssus the lower fillet projects about 
hJf the distance between the hollow of the scotia and the extremity of the inferior torus. 
The height of the two tori and scotia are nearly equal, and a bead is placed on the upper 
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torus for the reception of the shaft of the column. The temples of Erectheus and that on 
the llyssus have the lower tori of their bases imcut, whilst the upper ones are fluted hori- 
zontally. In that of Minerva Polias, the upper torus is sculptured with a guilloche. The 
base just described is usually denominate the Attic Base, though also used in the 
colonies. The bases, however, of the temples of Minerva Folias at Priene, and of Apollo 
Didymseus near Miletus, are very differently formed. 

157. The Volute, the great distinguishing feature of the order, varies considerably in 
the different examples. In the edifices on the llyssus and at Priene, as well as in that of 
Apijllo Didymsus, the volute has only one channel between the revolutions of the spiral ; 
whilst in those of Erectheus and Minerva Polias, at Athens, each volute is furnished with 
two distinct spirals and channels. In the temple on the llyssus, the capital is terminated a 
little below the eye of the volute ; in the others it reaches below the volutes, and is de- 
corated with honeysuckle flowers and foliage. The number of flutes, which on the plan 
are usually elliptical, is twenty-four, and they are separated by flllets from each other. In 
some examples they descend into the apophyge of the shaft. 

158. The tomb of Theroii, at Agrigentum, in which Ionic columns and capitals are 
crowned with a Doric entablature, has, by some, been quoted as an example of the Ionic 
order ; but we do not believe it to be of any antiquity, and, if it were, it is so anomalous 
a specimen that it would be useless to pursue any inquiry into its foundation. 

159. In the anta or pilasters of this order, as well as of the Doric, their capitals differ 
in profile from the columns, and are never decorated with volutes. Their breadth is usually 
less than a diameter of the column, and they are not diminished. 

160. The highest degree of refinement of Greek architecture is exhibited in its examples 
of the Corinthian order, whose distinguishing feature is its capital. We have, in a pre- 
ceding page (139), given Vitruvius’s account of its origin ; but we much doubt whether 
Callimachus was its inventor. 

161. The capitals of Egyptian columns are so close upon the invention, that we ap- 
prehend it was only a step or two in advance of what had previ- 
ously been done. The palm leaf, lotus flower, and even volutes, 
had been used in similar situations in Egypt, and the contour of 
the lotus flower itself bears no small resemblance to the bell of 
the Corinthian capital. 

162. We are inclined to assign the period of the latter part of 
the Peloponnesian war as that in which the order first came into 
use. We find from Pausanias {Arcad. c. 45.) that Scopas, the 
celebrated architect of Paros, rebuilt the temple of Minerva at 
Tegaea, which was destroyed by fire about 4(X> years b.c., and that, 
according to that author, it was the largest and most beautiful 
edifice in the Peloponnesus. The cell, which was hyp»thral, was 
surrounded by two ranks of Doric columns, which were surmounted 
by others of the Corinthian order. The peristyle of this temple 
was Ionic. 

163. The delicacy of formation of this order has, doubtless, 
subjected its examples to earlier destruction and decay than have 
attended the other orders : hence our knowledge of it is almost 
confined to the examples we meet of it in the Tower of the Winds, 
and the Choragic monument of Lysicrates {Jig. 103.), both at 
Athens; the former whereof can scarcely be considered Corinthian, 
and the latter not very strictly so. It was erected about 330 years 
B.C., as appears from the inscription on the frieze. These Choragic 
buildings, usually of small dimensions, were erected in honour of 
those who, as choragi or leaders of the chorus in the musical games, 
were honoured with the prize, which was a tripod. The following 
are the proportions observed in the Choragic monument of Ly- 
sicrates ; — 



Height of columns in English feet 

Height of columns in terras of lower diameter 
Height of capital in terms of lower diameter 
Upper diameter of shaft in terms of the lower diameter 
Height of the architrave in terms of the lower diameter . 
Height of the frieze in terms of the lower diameter 
Height of cornice in terms of the lower diameter 

Total height of entablature in terms of the lower diameter 


. U-637 
. 10*318 
. 1-216 
. 0-833 

0 850 
0-483 
0-833 

2166 


From which it appears that the entablature is less than a fifth of the total height of the 
order. The intercolumniations are 2*200 diameters. The base is little different from that 
used in the Ionic order. 

164. In the ornaments applied for the decoration of the sacred edifices of the Greeks, 
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they imitated the real and symbolical objects used in their worship. Thus, at the temple 
of Apollo at Teos, the lyre, tripod, and griffin occur ; in the Temple of the Winds at 
Athens, the winds are personified on the walls ; the Choragic monument of Lysicrates ex- 
hibits the consequences of a contempt of music ; on the temple of Victory, at the entrance 
of the Acropolis, was recorded, on the very spot, the assault and repulsion of the Amazons ; 
the Lapithse are vanquished again in the temple of Theseus, the founder of the city ; and 
lastly, in the Parthenon is brought before the eye, on a belt round the cell of the temple, 
the Panathenaic procession, which, issuing from the door of the cell, biennially perambulated 
the edifice, whilst its pediment perpetuates the contest between Neptune and Minerv% for 
the honour of naming the city, and calls to remembrance the words of Cicero, “ He quorum,” 

( Atheniensium,) “urbis possessione, propter pulchritudinem etiam inter deos certamen 
Aiisse proditum est,” &c. In the capitals of the Corinthian examples just noticed the leaves 
are those of the olive, a tree sacred to the tutelary goddess of Athens, and on that account as 
well as its beauty of form and simplicity adopted by a people whose consistency in art has 
never been excelled. 

165. Besides the method of supporting an entablature by means of columns, the em- 
ployment of figures was adopted, as in the temples of Erectheus and Minerva Polias before 
mentioned (see^^. 102.). They were called Caryatides ; and their origin, according to the 
account of it by Vitruvius (lib. i. c. 1 . ), was that Carya, a city of Peloponnesus, having as- 
sisted the Persian against the Grecian states, the latter, when the country was freed from 
their invaders, turned their arms against the Caryans, captured their city, put the males to 
the sword, and led the women into captivity. The architects of the time, to perpetuate the 
ignominy of the people, substituted statues of these women for columns in their porticoes, 
faithfully copying their ornaments and drapery. It is, however, certain that the origin 
of their application for architectural purposes is of far higher antiquity than the invasion of 
Greece by the Persians, and in the above account Vitruvius is not corroborated by any 
other writer. Herodotus (Po/ymnta), indeed, observes that some of the states whom he 
enumerates sent the required offering of salt and water to Xerxes ; but no mention is made 
of Carya, whose conduct, if punished in such an extraordinary manner, would have been too 
curious a matter to have been passed over in silence. Whether the use of statues to perform 
the office of columns travelled into Greece from India or from Egypt, we will not pretend 
to determine. Both, however, will furnish examples of their application. In the latter 
country we find them employed in the tomb of King Osymandyas {Diodorus^ tom. i, f. 56. 
Wesseling). Diodorus also, speaking of Psammeticus, says that having obtained the whole 
kingdom, he built a propylseum on the east side of the temple to the god at Memphis, 
which temple he encircled with a wall ; and in this propylaeum, instead of columns, substi- 
tuted colossal statues (icoXorrous vKoaritCas) twelve cubits in height. 

1 66. The application of statues and representations of animals is a prominent feature in the 
architecture of Egypt, whereof the temple at Ibsambul is a striking example, though in 
that the figures do not absolutely carry the entablature (see^p. 71.). In India many in- 
stances of this use of statues occur, as in the excavations of the temple near Vellore 
described by Sir C. Mallet (Asiat. Bes. vol. vi.), wherein heads of lions, elephants, and 
imaginary animals apparently support the roof of the cave of Jugnath Subba ; and at 
Elephant where colossal statues are ranged along the sides as high as the underside of the 
entablature (see Jig, 39.). But as the settlement of the claims of either of these countries 
to the invention is not our object, we shall proceed to consider how they obtained in 
Greece the name that has been applied to them long before the period of which Vitruvius 
speaks. 

167. Kapva, the nut tree (Nux JuglcTis'), which Plutarch (Sympos, lib. ii.) says received 

its name from its effect (Kopor, sopor) on the senses, was that into which Bacchus, after co- 
habitation with her, tranrformed Caiy a, one of the three daughters of Dion, king of Laconi*, 
by his wife Iphitea. The other daughters, Orphe and Lyco, were turned into stones for 
having too closely watched their sister’s intercourse with the lover. Diana, from whom 
the Lacedemonians learnt this story, was on that account, as well perhaps as the excellence 
of the fruit of the tree, therefore worshipped by them under the name of Diana Caryatis. 
(Servius, note on 8th Eel. of Virgil, edit, Burman.) Another account, however, not at all 
affecting the hypothesis, is given of the name of Diana Caryatis in one of the old commen- 
tators of Statius (Barthius, lib. iv. v. 225.). It is as follows. Some virgins threatened 
with danger whilst celebrating the rites of the goddess, took refuge under the branches of 
a nut tree (Kopya), in honour and perpetuation whereof they raised a temple to Diana 
Caryatis. If this, however, be an allusion to the famous interposition of Aristomenes in 
protecting some Spartan vir^ns taken by his soldiers, it is not quite borne out by the 
words of Diodorus. Salmasius (Exercit. Pliniance, f. 603. et seq.) says, that Diana was 
worshipped at Carya, near Sparta, under the name of Diana Caryatis ; and that at her temple 
and statue the Lacedemonian virgins had an anniversary festival, with dancing, according to 
the custom of the country. ® 

168. But to return more closely to the subject, we will give the words of Pausanias ( Loco- 
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me*) cm the temple to the goddess at Carya. “ The third turning to the right leads to Carya. 
and tibe sanctuary Gia^; for the neighbourhood of Carya is sacred to that goddess and 
her nymphs. The statue of IHana Caryatis is in the open mr; and in this pl^e the Liu;e- 
demonian virgins celebrate an anniversary festival with the old custom of the dance.** 
Kuhnius on the passage in question, after reference to Hesychius, says, ** Caryatides etiam 
dicuntur Laceenas saltantes, sinistr^ ansats, uti solebant Caryatides puelUe in bonorem 
Dianie.** 

169. From the circumstances above menUoned, we think it may be £drly concluded that 
Hke statues called Caryatids were originally applied to or used about the temples of Diana i 
and that instead of representing captives or persons in a state of ignominy, they were in 
fact representations of the virgins engaged in the worship of that goddess. It is probable 
that a^r their first introduction other figures, in building appropriated to other divinities, 
were gradually employed ; as in the Pandroseum (attached to the temple of Minerva Polias), 
for instance, where they may be representations of the virgins 
called Canephors, who assisted in the Panathenaic procession. 
Fig. 104. is a representation of one of those used in the Fan> 
droseum (see also fig. 102.); and fig. 105. is from the Townley col- 
lection, now in the British Museum. Piranesi conjectured that 
this last, with others, supported the entablature of an ancient 
Roman building restored by him from some fragments found near 
the spot where they were discovered, which is rather more than a 
mile beyond the Capo di Bove, near Rome. Four of the statues 
were found; and on one of the three, piurchased by Cardinal Albani, 
ilie following inscription was found: — KPITON KAI NIKOAAO^ 
EOOIOTN ; showing that it was the work of Greek artists. 

170. The republican spirit of Greece tended to repress all ap- 
pearance of luxury in their private dwellings. The people seem to 
have thrown all their power into the splendour and magnificence of 
their temples ; and it was not till a late period that their houses received much attention. 
Except in the open courts of them, it is difficult to conceive any application of the orders. 
It is certain that they frequently consisted of more than one story ; but beyond this all is 
conjecture. In the time of Demosthenes ( Orat adv. Ayistoeratem) the private houses had 
begun to be increased in extent ; and the description of them by Vitruvius, wh^ knew 
Athens well, proves that they were then erected on an extent implying vast luxury. 

171. Within the last few years discoveries have been made at Athens, which would lead 
us to the belief that it was the practice of the Greeks to paint in party colours every portion 
of their temples, and that in violently contrasted colours. Tliis has received the name of 
polychrome architecture. It is rather strange that no ancient writer has spoken of the prac- 
tice, and the only way to account for the omission is by supposing it to have been so com- 
mon that no one thought of mentiomng it. From the information of M. Schaubert, the 
government architect at Athens, it appears that every part of the surface the Parthenon 
had a coating of paint. That the Coffers of the ceiling were painted, and its frieze ornamented 
with a fret in colours, was, he observes, known ; but the whole building, he continues, as 
well as other temples, was thickly p^ted, in the metopse, in the pediment, on the drapery 
of the figures, on the capitals, and on ail the mouldings. So that, as he says with great 
simplicity, with its moul^ngs and carvings variously coloured, the simple Doric temple of 
Theseus was in effect richer than the most gorgeous example of Corinthian ; and it would 
be worth the trouble to restore with accuracy a polychrome temple. From M. Quast 
(^WtOieUungen iiber Alt and Neu AtheUj Berlin, 1834]^ we learn that the colour was not used 
in a fluid state merely for the purpose of staining the marble, but in a thick coat, so that 
the material was completely covered ; and that in the temple of Theseus this is more 
traceable than in any other. Though the colours, that of blue smalt more especially, 
have left but a grey crust, yet their original tone is still apparent. In this buildmg deep 
blui» and reds are the predominant colours, so as to relieve one smother. The corona was 
deep blue, and the gutUe of a brown red ; the foliage of the cymatium was alternately 
streaked with blue and red, the ground being green, which colour is applied to the smaU 
leaves on some of the lesser moulding^. Some of the coffers are coloured of a red incUn|ng 
to purple, on which the ornament is given ; others exhibit a blue ground, with red stars. 
The architrave of the portico was a bright red ; the figures in the frieze were painted in 
their proper natural colours : traces of the colour show that the walls were green. It 
was not discovexed that in the columns more th^ the arrises of the flutes were pmnted, 
although the echinus was. We do not doubt the accuracy of MM. Semper and Quast ; 
but after all it is possible that all this pmnting may have b^n executed at a period much 
later thw that of the buildings themselves. 

172, The most ancient theatres of Greece were constructed in a temporary manner ; but 
the little security from acrident they afforded to a large concourse of persons soon made the 
Greeks more cautious for their security, and led to edifices of stone, which, in the end, ex- 
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eerded in magnitude all thmr other buildings. Their form on fl>e plan (see^. 106.) was 
rathOr mme than a smninrele> and conssted of two parts j the team, and KoiAae, 
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eama. The scena was at first merely a partition for the actors reaching quite across the 
stage, dressed with boughs and leaves, but in after times was very difterently and more 
expensiTely constructed. It had three principal gates, two on the sides and one in the 
centre t at which last the principal characters entered. The whole scene was divided into 
several parts, whereof the most remarkable were — the 0pov7fioy, broniaum, under the floor, 
where were deposited vessels fiill of stones and other materials for imitating the sound of 
thunder ; tiie anaKhyu>v, epiicatium, a place on the top of the scene, in which were placed 
the nadines tot chang^g the various figures and prospects ; the fapaeieiiyioy, parasceninm, 
wbiidi served the actors as a dressing room ; the tpoffi^yioy, proscenium, or stage, on which 
tile perfimners acted : the ofy^cnfo, orchestra, was the part in which the performers danced 
and aamg, in the middle whereof was the Turyewy or puljntum; the vnooiciiyioy, 

hfpsteemhat, was a partition under thegfulpitum, where the music was placed ; the Koihoy, 
emea, was ftir the reception of the spectators, and consisted of two or three divisions of 
several seats, each rising above one another, the lowest division being appropriated to 
persmis rank and magistrates, the middle one to the commonalty, and the upper one to 
the women. Round the caves porticoes were erected for shelter in rainy weather, the 
theatre of the GA*ks having no roof or covering. The theatre was always dedicated to 
Bacchus and Venus, the deities of sports and pleasures ; to the former, indeed, it is said 
they owe their origin : hence, the plays acted in them were called Aioyvauuca, Dionysiaca, 
as bdim^ng to Aianaos, or Bacchus. Every citizen shared by right in the public diver- 
aimi and public debate ; the theatre was therefore open to the whole community. 

173. The Athenian or ybro, were numerous; but the two most celebrated were the 
old and new forum. Ihe old forum was in the Cerainicus within the city. The assemblies 
of the people were held in it, but its principal use was as a market, in which to every 
trade was assigned a particular portion. 

174. The supply of water at Athens was chiefly ftom wells, aqueducts being scarcely 
known there before the time of the Romans. Some of these wells were dug at the public 
expense, others by private persons. 

175. The first gymnasia are said to have been erected in Lacedemonia, but were after- 
wards much improved and extended, and became common throughout Greece. The gym- 
nasium conasted of a number of buildings united in one enclosure, whereto large num- 
b«s resorted &» distent purposes. In it the philosophers, rhetoricians, and professors of all 
Rie oflier smences, delivered their lectures ; in it also the wrestlers and dancers practised and 
exercised ; all which, from its space, they were enabled to do without interfering with one 
another. The chief parts (^. 107.% following Vitruvius (lib. v, cap. II.),are — a, thewe- 
fUFTuhioy,peristgUum, which included thea^migurrhpmy, spho^sterium, and vahaiar pa, palestra; 
1, 2, 3, are the araat, portieut, with a a, eieSpai, exhedree, where probably the scholars used 
to meet ; 4, 4, is the double portico looking to the south ; c, ecpiigasoy, ephabeum, where the 
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ephebi or youths exercised, or, as some say, where those that designed to exercise met and 
agreed wfakt kind of exercise they should contend in, and what should be the victor’s re- 
ward ; D, is the coryceum ; *, the KoviarTipiov^ conisteriuniy where the dust was kept for 
sprinkling those that had been anointed ; p is the cold bath {jrigida lavatio') ; g, the cAoxo- 

deaiov, ehsothesium, or place for 
anointing those that were about 
to wrestle ; h, the frigidarium^ or 
cold chamber ; i, passage to the 
propigneurtif or furnace ; t, the 
propigneum ; m, the arched 
datio, for sweating ; n, the laco- 
nicum ; o, the hot bath {calida 
lavatio') ; 5, 7, the two porticoes 
described as out of the palxcstra, 
of which 7 forms the jrygtuSf and 
6 a double portico ; a a, the mar- 
ginesy or semitcB of the xystus, to 
separate the spectators from the 
wrestlers ; bby the middle part 
excavated two steps, c c, down ; 
Q Q, gardens ; d d, walks ; e e, sta- 
tiones for seats ; r r, ffJxrra, xysta^ 
sometimes called 'TrepxSpo/uSer, for 
walking or exercises ; s, the sta- 
diuTHy with raised seats round it. 

176. The roofe of the edifices 
of Athens vary from 14^ to 15^ 
degrees in inclination, a subject 
which will be hereafter fully con- 
sidered, when we come to investi- 
gate the principles of constructing 
roofs. In Rome, as will hereafter 
be seen, the inclination is much 
more. Tliere is nothing to war- 
rant us in a belief that the arch 
was known to the Greeks till after 
the age of Alexander. Indeed, 
the want of a name for it in a 
language so generally copious as 
the Greek, suffices to show that 
they were unacquainted wdth it. 
It was most probably in much earlier use in Italy. Tlie words doAoy, capis, and x^c&Air, are 
not used in a sense that signifies an arch until after the reign of the above-named mo- 
narch ; nor is any description extant from which may be conceived the construction of an 
arch on scientific principles. 

177. From the time of Pericles to that of Alexander, all the arts, and most especially 
that of architecture, seem to have attained a high state of perfection. Every moral and 
physical cause had concurred in so advancing them. But perfection, when once reached 
in the works of man, is only the commencement of their falling away from it. Liberty, 
the love of country, ambition in every department of life, bad made Athens the focus of the 
arts and sciences : the defeat of the Persians at Marathon and other celebrated victories 
had brought peace to the whole of the states of Greece. In the space of time preceding 
the Peloponnesian war, there seems to have been, as it were, an explosion of every species of 
talent, and it was at this period that they set about rebuilding the temples and other edifices 
that the Persians had thrown down, of which a wise policy had preserved the ruiris, so that 
the contemplation of desolation and misfortune aflforded them an eloquent reminiscence of 
the peril in which they continually stood. It was indeed orJy after the flight of the ge- 
neral of Xerxes, and the victory gained by Themistocles, that a general restoration of their 
monuments and the rebuilding of Athens were set about. These were the true trophies of 
the battle of Salamis. About 335 years b.c. Alexander became master of Greece. Fired 
with every species of glory, and jealous of leaving to posterity monuments that should be 
unworthy of his greatness and fame, or other than proofe of the refinement of his taste, 
this prince gave a new impulse to genius by the exclusive choice that he made of the 
most skiliul artists, and by the liberal rewards he bestowed upon them. The sacking of 
Corinth by the Romans in less than two centuries (about 146 b.c.) was the first disaster 
that the fine arts encountered in Greece ; their overthrow there was soon afterwards com- 
pleted by the country becoming a Roman province. At the former occurrence Polybius 
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(cited by Strabo) says, that during the plunder the Roman soldiers were seen casting 
their dice on the celebrated picture of Bacchus by Aristides. Juvenal well describes such 
a scene ( Satire xi. 100. ) : — 

Tunc mdis et Graias mirari nesciua artes, 

Urbibus eversis, praedaruna in parte reperta 
Magnorum artificOm frangebat pocula miles. 

The well-known story of the consul Mummius shows either that the higher ranks among 
the Roman citizens were not very much enlightened on the arts, or that he was a singular 
blockhead. We have now arrived at the period at which Greece was despoiled and R#me 
enriched, and must pursue the history of the art among the Romans ; incidental to which a 
short digression will be necessary on Etruscan architecture. 


Sect. XII. 


ETRUSCAN ARCHITECTURE. 

178. The inhabitants of Etruria, a country of Italy, now called Tuscany, are supposed 
to have been a colony from Greece. They certainly may have been a swarm from the 
original hive (see JDruidiealt Celiict 13.; and Cyclopean ArcMtecture, 32.) that passed through 
Greece iu their way to Italy, llie few remains of their buildings still existing show, from 
their construction, that they are coeval with the walls of Tlryns, Mycenae (Jigs. 9. and 10.), 
and other works of a very early age ; and it is our own opinion that the wandering from that 
great central nation, of which we have already so much spoken, was as likely to conduct the 
Etrurians at once to the spot on which they settled, as to bring them through Greece to the 
place of their settlement. It is equally our opinion that, so far from the country whereof we 
now treat having received their arts from the Greeks, it is quite as possible, and even likely, 
that the Greeks may have received their arts from the Etruscans. The history of Etruria, 
if we consult the di^erent writers who have mentioned it, is such a mass of contradiction and 
obscurity, that there is no sure guide for us. It seems to be a moving picture of constant 
emigration and re-emigration between the inhabitants of Greece and Italy. The only point 
upon which we can surely rest is, that there were many ancient relations between the two 
countries, and that in after times the dominion of the Etruscans extended to that part of 
Italy which, when it became occupied by Grecian colonies, took the name of Magna 
Grscia. The continual intercourse between the two countries lessens our surprise at the 
great similarity in their mythology, in their religious tenets, and in their early works of 
art. We are quite aware that the learned Lanzi was of opinion ( Saggio di Lingua Etrusea'), 
that the Etruscans were not the most ancient people of Italy. We are not about to dispute 
that point. He draws his conclusion from language ; we draw our own from a comparison 
of the masonry employed in both nations, from the remains whereof we should, if there be 
a difference, assign the earliest date to that of Hetruria. This, to be sure, leaves open the 
question whether the country was preoccupied; one which, for our purpose, it is not ne- 
cessary to settle. We have Winkelman and Guam^ci on our side, who from medals and 
coins arrived at the belief that among the Etruscans the arts were more advanced atr^avery 
early age than among the Greeks ; and Dr. darkens reasoning tends to prove for them a 
Fhcenician origin. 

179. Great solidity of construction is the prominent feature in Etruscan architecture. 
Their cities were surrounded by walls consisting of enormous blocks of stone, and usually 
very high. Remains of them are still to be seen at Volterra (Jig> 108.), Cortona, Fiesole 
(Jig. 109.), &c. “ Moenibus,*’ says Al* 

berti (De Re ^dijic. lib. vii. c. 2.) “ve- 
terum prsesertim populi Etruriae quad- 
ratum eumdemque vastissimum lapidem 
probavere.” In the walls of Cortona 
some of the stones are upwards of 22 
Roman feet in length, and from 5 to 6 ft:, 
high, and in them neither cramps nor 
cement appear to have been employed. 

The walls of Volterra are built after the 
same gigantic fashion. In the earliest 
specimens of walling, the blocks of stone were of an irregular polygonal form, and so dis- 
posed as that all their sides were in close contact with one another. Of this species is the 
wall at Cora, near Velletri. The gates were very simple, and built of stones of an oblong 
square form. The gate of Hercules, at Volterra, is an arch consisting of nineteen stones • a 



tig. 108 . WAU, AT VOLTUXA. 




Chap. II. 


ROMAN. 


75 


circumstance which, if its antiquity be allowed to be only of a moderately remote period, 
would go far to disprove all Land’s reasoning, for, as we have noticed in the preceding ar- 
ticle, the arch was unknown in Greece till after the time of Alexander. According to Gori 
{Museum Etruscum'), vestiges of theatres have been discovered among the ruins of some of 
their cities. That ^ey were acquainted with the method of conducting theatrical represent- 
ations is evident ti’om Livy, who mentions an occasion on which comedians were brought from 
Etruria to Rome, whose inhabitants at the time in question were only accustomed to the 
games of the circus. The gladiatorial sports, which were afterwards so much the delight of 
theiRomans, were also borrowed from the same people. They constructed their temples 
peripterally ; the pediments of them were decorat^ with statues, quadrigse, and bassi 
rilievi, in terra cotta, many whereof were remaining in the time of Vitruvius and Pliny. 
Though it is supposed that the Etruscans made use of wood in the entablatures of their 
temples, it is not to be inferred that at even the earliest period they were unacquainted 
with the use of stone for their architraves and lintels, as is sufficiently proved in the Piscina 
of Volterra. 

180. The Romans, until the conquest of Greece, borrowed the taste of their architecture 
from Etruria. Even to the time of Augustus, the species called Tuscan was to be seen by 
the side of the acclimatised temple of the Greeks. 

181. The atrium or court, in private houses, seems to have been an invention of the 
Etruscans. Festus derives its name from its having been first used at Atria, in Etruria : 
“ Dictum Atrium quia id genus edificii primum Atriae in Etruria sit institutum.” We 
shall, however, allude in the next section to Etruscan architecture as connected with 
Roman ; merely adding here, that in about a year after the death of Alexander the nation 
fell under the dominion of the Romans. 


Sect. XIII. 

ROMAN ARCHITECTURE. | 

182. The Romans can scarcely be said to have had an original architecture ; they had 
rather a modification of that of the Greeks. Their first instruction in the art was received 
from the Etruscans, which was probably not until the time of the Tarquins, when their 
edifices began to be constructed after fixed principles, and to receive appropriate decoration. 
In the time of the first Tarquin, who was a native of Etruria, much bad been done to- 
wards the improvement of Rome. He brought from his native country a taste for that 
grandeur and solidity which prev^led in the Etruscan works. After many victories he 
had the honour of a triumph, and applied the w^lth he had acquired from the conquered 
cities to building a circus, for which a situation was chosen in the valley which reached 
from the Aventine to the Palatine Hill. Under his reign the city was fortified, cleansed, 
and beautified. The wills were built of hewn stone, and the low grounds about the Forum 
drained, which prepared the way for the second Tarquin to construct that Cloaca Maxima, 
which was reckoned among the wonders of the world. The Forum was surrounded with 
galleries by him ; and his reign was further distinguished by the erection of temples, schools 
for both sexes, and halls for the administration of public justice. This, according to the 
best chronologies, must have been upwards of 610 years b. c. Servius Tullius enlarged 
the city, and among his other works continued those of the temple of Jupiter Capitolinus, 
which had been commenced by his predecessor ; but the operations of both were eclipsed 
}fy monuments, for which the Romans were indebted to Tarquinius Superbus, the seventh 
king of Rome. Under him the Circus was completed, and the most efifective methods 
taken to finish the Cloaca Maxima. This work, on which neither labour nor expense was 
spared to make the work everlasting, is of wrought stone, and its height and breadth are 
so considerable, that a cart loaded with hay could pass through it. Hills and rocks were 
cut through for the purpose of passing the filth of the city into the Tiber. Pliny calls 
the Cloacae, ** openim omnium dictu maximum, suftbssis montibus, atque urbe pensili, sub- 
terque navigata.” The temple of Jupiter Capitolinus was not finished till after the ex- 
pulsion of the kings, 508 b. c. ; but under Tarquinitis Superbus it was considerably ad- 
vanced. In the third consulship of Poplicola, the temple was consecrated. As the name, 
which was changed, imports, this temple stood on the Mons Capitolinus, and embraced, ac- 
cording to Plutarch, four acres of ground. It was twice afterwards destroyed, and twice 
rebuilt on the same foundations. Vespasian, at a late period, rebuilt it ; ^d upon the 
destruction of this last by fire, Domitian raised the most splendid of all, in which the 
gilding alone cost 12,000 talents. It is impossible now to trace the architecture of the 
Romans through its various steps between the time of the last king, 508 b. c., and the sub- 
jugation of Greece by that people in the year 145 b. c., a period of 363 years. The 
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disputes in which they were continually engaged left them little leisure for the arts of 
peace ; yet the few monuments with which we arc acquainted show a power and skill 
that mark them as an extraordinary race. Thus in the year 397 b. c., on the occasion of 
the siege of Veii, the prodigy, as it was supposed, of the lake of Alba overflowing, when 
there was little water in the neighbouring rivers, springs, and marshes, induced the au- 
thorities to make an emissarium, or outlet for the superfluous water, which subsists to this 
day. The water of the lake Albano, which runs along Castel Gondolfo, still passes through 
it. A few years after this event an opportunity was afforded, which, with more care on 
the part of the authorities, might have considerably improved it, after its demolitioft by 
Brennus. This event occurred 389 b. c., and was nearly the occasion of the population 
being removed to Veii altogether, a place which offered them a spot fortified by art and 
nature, good houses ready built, a wholesome air, and a fruitful territory. The eloquence, 
however, of Camillus prevailed over their despondency. Livy (b. vi.) observes, that in 
the rebuilding, the state furnished tiles, and the people were allowed to take stone and 
other materials wherever they could find them, giving security to finish their houses 
within the year. But the haste with which they went to work caused many encroach- 
ments on each other’s soil. Every one raised his house where he found a vacant space ; so 
that in many cases they built over the common sewers, which before ran under the streets. 
So little taste for regularity and beauty was observed, that the city, when rebuilt, was even 
less regular than in the time of Romulus ; and though in the time of Augustus, when 
Rome had become the capital of the world, the temples, palaces, and private houses were 
more magnificent than before, yet these decorations could not rectify the fault of the plan. 
Though perhaps not strictly within our own province, we may here mention the temple 
built in honour of Juno Moueta, in consequence of a vow of L. Furius Camillus when 
before the Volsci. Tliis was one of the temples on the Capitoline hill. The epithet above 
mentioned was given to the queen of the gods, a short time before the taking of Rome by 
the Gauls. It was pretended that from the temple of Juno a voice bad proceeded, ac- 
companied with an earthquake, and that the voice had admonished the Romans to avert 
the evils that threatened them by sacrificing a sow with pig. She was hence called Moneta 
(from monere). The temple of Juno Moneta becoming afterwards a public mint, the 
medals stamps in it for the current coin took the name of Moneta (money). This temple 
was erected about 345 years b.c., on the spot where the house of Marcus Manlius had stood. 

183. In the time that Appius Claudius was censor, about 309 b. c., the earliest paved 
road was made by the Romans. It was first carried to Capua, and afterwards continued 
to Bnindusium, a length altogether of 350 miles. Statius calls it repina viarum. Paved 
with the hardest stone, it remains entire to the present day. Its breadth is about 14 ft. ; 
the stones of which it is composed vary in size, but so admirably was it put together that 
they are like one stone. Its bed is on two strata ; the first of rough stones cemented with 
mortar, and the second of gravel, the thickness altogether being about 3 ft. To the same 
Appius Claudius belongs the honour of having raised the first aqueduct. The water with 
which it supplied the city was collected from the neighbourhood of Frascati, about 100 ft. 
above the level of Rome. The Romans at this time were fast advancing in the arts and 
sciences ; for in about nineteen years afterwards we find Papirius, after his victory over the 
Samnites, built a temple to Quirinus out of a portion of its spoils. Upon this temple was 
fixed ( Fliny, b. vii. c. 60. ) the first sun-dial that Rome ever saw. For a long while the 
Romans marked only the rising and setting of the sun ; they afterwards observed, but in a 
rude clumsy manner, the hour of noon. When the sun’s rays appeared between the rostra 
and the house appointed for the reception of the ambassadors, a herald of one of the consuls 
proclaimed with a loud voice that it was mid-day. With the aid of the dial they now marked 
the hours of the day, as they soon after did th<^ of the night by the aid of the clepsydra 
or water-clock. Hie materials for carrying on the investigation are so scanty, and moreover^ 
as in the case of Grecian architecture, without examples whereon we can reason, that we 
will not detrin the reader with further speculations, but at once proceed to that period 
(145 B.C.) when Greece was reduced to a Roman province. Art, in the strict application 
of that word, was not properly understood by the victorious Romans ; and a Imrrenness 
appears to have clung about that whereof we treat, even with all the advantages that Rome 
possessed. It may be supposed that the impulse given to the arts would have been imme- 
diate ; but, like the waves generated by the ocean storm, a succession of them was necessary 
before the billows would approach the coast. Perhaps, though it be only conjectural, the 
first effect was visible in the temple reared to Minerva at Rome, out of the spoils of the 
Mitfaridatic war, by Pompey the Great, about sixty years b.c., after a triumph unparalleled 
perhaps in the histoiy of the world ; after the conclusion of a war of thirty years’ duration, 
in which upwards of two millions of his fellow-creatures had been slain and vanquished ; 
after 846 ships had been sunk or taken, and 1538 towns and fortresses had been reduced 
to the power of the empire, and all the countries between the lake M^tis and the Red 
Sea had been subdued. It is to be regretted that no remains of tf»is temple exist. The 
inscription ( Plin. lib. vii. c. 26. ) was as follows : — — 
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CN . FOMPEIUS . CN . F . MAGNUS . IMP . 

BELLO . XXX . ANKORUM . CONFECTO . 

FUSTS . FUGATIS . OCCISIS . IN . DEDITIONEM . ACCEPTIS . 

HOMIKUM . CENTIES . VICIES . SEMEL . CENTENIS . 

LXXXIII . M . 

DEPRESSIS . AUT . CAPT . NAVIBUS . DCCCXLVI 
OFPIDIS . CASTELLIS . MDSXXVIll 
IN . PIDEM . RBCEPTIS . 

9 TERRIS . A . MAEOri . LACU . AD . RUBRUM . MARE 

SUBACTIS . 

VOTUM . MERITO . MlNERViE . 

184. The villas of the Romans at this period were of considerable extent; the statues 
of Greece had been acquired for their decoration, and every luxury in the way of decora- 
tion that the age could afford had been poured into them from the plentiful supply that 
Greek art afforded. To such an extreme was carried the determination to possess every 
thing that talent could supply, that we find Cicero was in the habit of employing two 
architects, Chrysippus and Cluatius {ad Atticuniy lib. iii. epist. 29. and lib. xii. epist. 18.); 
the first certainly, the last probably a Greek. Their extent would scarcely be credited but 
for the corroboration we have of it in some of their ruins. 

185. Until the time of Pompey no permanent theatre existed in Rome : the ancient dis- 
cipline requiring that the theatre should continue no longer than the shows lasted. The 
most splendid temporary theatre was that of M.iSmilius Scaurus, who, when sdile, erected 
one capable of containing 80,000 persons, which was decorated, from all accounts, with sin- 
gular magnificence and at an amazing cost. History {Pint, xxxvi. 15.) records an extra- 
ordinary instance of mechanical skill, in the theatre erected by Curio, one of Caesar’s par- 
tisans, at the funeral exhibition in honour of his father. Two large theatres of timber 
were constructed back to back, and on one side so connected with hinges and machinery 
for the purpose that when the theatrical exhibitions had closed they were wheeled or 
slung round so as to form an amphitheatre, wherein, in the afternoon, shows of gladiators 
were given. Returning, however, to the theatre erected by Pompey, which, to avoid 
the animadversion of the censors, he dedicated as a temple to Venus : the plan ( Pliny^ 
vii. 3. ) was taken from that at Mitylene, but so enlarged as to be capable of containing 
40,000 persons. Round it was a portico for shelter in case of bad weather : a curia 
or senate house was attached to it with a basilica or hall for the administration of jus- 
tice. The statues of male and female persons celebrated for their lives and characters 
were selected and placed in it by Atticus, for his attention to which Cicero {Epi&t, ad 
Attic, iv. 9. ) was commissioned by Pompey to convey his thanks. The tqpiple of Venus, 
which was attached to avoid the breach of the laws committed, was so contrived that the 
seats of the theatre served as steps to the temple ; a contrivance which also served to escape 
the reproach of encountering so vast an expense for mere luxury, for the temple was so 
placed that those who visit^ the theatre might seem at the same time to come for the 
purpose of worshipping the goddess. At the solemnity of its dedication the people were 
entertained with the most magnificent shows that had ever been exhibited in Rome. We 
cannot prolong the account of this edifice by detailing them, — indeed that would be foreign 
to our purpose ; but we may add, that such a building presents to us a genuine idea of the 
vast grandeur and wealth of those principal subjects of Rome, who from their own private 
revenues could rear such munificent buildings, and provide for the entertainment of the 
people shows to which all the quarters of the globe contributed, and which no monarch 
now on earth could afford to exhibit. This theatre was finished about 54 b.c. 

f 186. In the year 45 b.c. Rome witnessed a triumph not less extraordinary than that we 
have just recorded, — that of Julius C«sar on his return from Utica. From the commence- 
ment of the civil war that had raged he had found no leisure for celebrating the triumphs 
which induced the people to create him dictator for ten years, and to place bis statue in the 
Capitol opposite to that of Jupiter, with the globe of the earth under his feet, and the in- 
scription “To Caesar the Demi- God.’* We need scarcely remind our readers that his 
first triumph was over the Gauls ; that this was followed by that over Ptolemy and Egypt ; 
the third over Phamaces and Pontus ; and the fourth over Juba. The triumph recorded 
these appropriately ; but we leave that — merely observing, by the way, that the fruit of his 
victories amounted to 65,000 talents and 2822 crowns of gold, weighing together 20,414 
Roman pounds, — to state that on this occasion the Circus was enlarged, a lake sunk for the 
exhibition of Egyptian and Tyrian galleys, and that in the same year he dedicated a temple 
to Venus Genetrix, and opened his new forum. Warriors are not often inclined to call in 
the aid of the arts, except for commemorating their own actions. Not so with Caesar. In 
the year 44 b.c., after his triumph over the sons of Pompey, we once more find him engaged 
in the arts of peace. A temple to Clemency was erected by him, in which his statue was 
placed near to that of the goddess, and joining hands with her. In the next year he laid 
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the foundations of what at the time were considered two ma^ficent edifices for the orna- 
ment of the city : a temple to Venus, which for grandeur it is supposed would ^bave sur- 
passed every example of that kind in the world ; and a theatre of very gigantic dimensions, 

— >both which were afterwards completed by Augustus. But the projects he conceived were 
only equalled by those of Alexander. He began the rebuilding and repair of many towns 
in Italv ; the drainage of the Pontine marshes, the malaria of which is the curse of Rome 
to the present day ; the formation of a new bed for the Tiber from Rome to the sea, for the 
purpose of improving the navigation of that river ; the formation of a port at Ostia for the 
reception of first-rate ships ; a causeway over the Apennines from the Adriatic to Rogie ; 
the rebuilding of Corinth and Carthage, whither colonies had been sent by him, a scheme 
afterwards perfected by Augustus ; a canal through the Isthmus of Corinth to avoid the 
navigation round the Peloponnesus ; and lastly, the formation of an exact geographical 
map of the Roman empire, with the roads marked thereon, and the distances of the towns 
from each other. Such was Csesar, whom to eulogise would be impertinent. 

187. Augustus deprived the Romans of their liberty, and in return for the deprivation 
consoled them with all the gratification the arts could supply. Tie victorious Romans 
had known little of the arts in their highest state of refinement, and the degraded Greeks 
were constrained to neglect them. They were in a state of barrenness during a portion of 
the last age of the Roman republic ; nor did they exhibit any signs of friiitftilness until 
C;esar bad established the empire on the ruins of the expiring republic, and his successor, 
giving peace to the universe, closed the temple of Janus, and opened that of the arts. By 
him skdful artists, puplb of the great masters, were invited from Greece, where, though 
languishing, they were yet silently working without fome or encouragement. Some who 
had been led into slavery, like Rachel of old, carried their gods with them — the gods of the 
arts. Encouraged by the rising taste of their masters, they now began to develop the 
powers they possessed, and their productions became necessary to the gratification of the 
people. Thus it was that our art, among the others, bom and reared in Greece, made 
Italy its adopted country, and there shone with undiminished splendour, though perhaps 
less happy and less durable. Though the exotic might have lost some beauties in the soil to 
which it was transplanted, the stock possessed such extraordinary vigour that grafts from 
it still coutlnue to be propagated in every quarter of the globe. 

188. The Greek architects who settled in Italy executed works of surprising beauty: 
they raised up pupils, and founded a school. It must be conceded that it was more an 
imitative than an original school, wherein it was necessary to engraft Roman taste which 
was modified by different habits and climate, on Greek art. And here we cannot refrain 
from an observation or two upon the practice in these days of comparing Greek and Roman 
architecture. Each was suitable to the nation that used it ; the forms of Greek columns, 
their intercolu^iinations, the inclination of the pediment, were necessarily changed in a 
country lying between four and five degrees further north from the equator. But the su- 
perficial writers, whose knowledge occasionally appears to instruct the world, never take 
these matters into their consideration ; and we regret, indeed, to admit that in this country 
the philosophy of the art is little understood by the public, from the professors being ge- 
nerally too much engaged in its practice to afford them leisure for diffusing the knowledge 
they possess. 

189. The Romans were trained to arms from their cradle; and that they were very averse 
to the cultivation of the arts by their youth, the passage in the jSneid (b. vi. v. 847. ), which 
has been so often quoted, is a sufficient proof : — 

Excudent alii spirantia rooUius sra 

Credo equidem, vivos ducent e marmore vultus. 

» « » * • 

Tu regere Imperio populos, Romane, memento ; 

tibi erunt artes. • 

1 90. They were at all times anxious to subjugate for their own purposes those nations 
that successfully cultivated the arts ; a motive which, joined to the desire of aggrandisem«it. 
Induced them at a very early period to carry their arms against the Etruscans, who were in 
a for higher state of cultivation than themselves. This was also one motive to their con- 
duct in Sicily and Asia Minor ; whence, as well as from Greece, they drew supplies of 
artists for Rome, instead of employing their own citizens. Though in Rome archit^ture 
lost in simplicity, it gained in magnificence. It there took deeper root than the other arts, 
from its affording, by the dimensions of its monuments, more splendour to the character of 
so dominating a nation. Its forms are more susceptible of real grandeur than those of the 
other arts, which are put in juxtaposition with nature herself ; and hence they were more 
in keeping with the politics of the people. Tie patronage of the fine arts by Augustus 
has never before or since been equalled. Tiey followed his good fortune, they dwelt in 
tl^ palace, and sat on the throne with him. His boast was not a vain one, when he asserted 
that he found his capital built of brick and left it of marble. By him was reared in the 
capital in question the temple and forum of Mars the Avenger ; the temple of Jupiter 
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Tonans, on the Capitol ; that of Apollo Palatine, with public libraries ; the portico and 
basilica of Cuus and Lucius ; the porticoes of Livia and Octavia ; and the theatre of Mar- 
cellus. ** The example,” says Gibbon, ** of the sovereign was imitated by his ministers 
and gen^als ; and his friend Agrippa left behind him the immortal monument of the Pan> 
theon.” 

191. Under Tiberius and Caligula architecture seems to have been in a state of languor, 
nor do we know of any thing in the reign of Claudius the fifth Cssar, save the completion 
of one of the finest aqueducts of Rome, that of Aqtta Claudia, whose length is 4fi m., in 
more than ten whereof the water passes over arches raised more than 100 it. from the sur* 
face of the ground. Nero’s reign, though his ^te bordered more on show than intrinsic 
beauty, was on the whole favourable to architecture. Much could not be expected of a 
man who covered with gilding a statue of Alexander, and decapitated fine statues for the 
purpose of substituting his own head for that of the original. The colossal statues of him- 
self .which he caused to be sculptured indicate a mind prone to vice and excess. The same 
taste for exaggeration was carried into his buildings. His prodigality in every way was 
inexhaustible ; he seems rather to have left monuments of expenditure than of taste. A 
palace, which from its extraordinary richness has been called the Domus Aurea, was erected 
for him by his architects Severus and Celer, than which nothing could be more brilliant 
nor gorgeous ; beyond it no pomp of decoration could be conceived. In the midst of so 
much wealth the only object of contempt was its possessor. The reader may form some 
notion of it when told ( Plin. lib. xxxvi. ) that in finishing a part of it Otho laid out a sum 
equivalent to near 404,000/. sterling. 

1 92. Galba, Otho, and Vitellius can scarcely be said to have reigned. It was reserved 
for Vespasian and his son Titus, the tenth and eleventh Caesars, to astonish the city, and 
indeed the world, by such masses of building in amphitheatres and baths as we may predict 
it will never again see reared. The Coliseum (^. HO.), so named, according to some, 

from its gigantic dimensions, but 
according to others, with more 
probability, from its proximity to 
a colossal statue of Nero, was com* 
menced by the father, and finished 
by the son. According to Justus 
Lipsius, the seats would hold 
87,000 persons; to this number 
Fontana adds 10,000, which the 
upper porticoes would contain, 

' and 12,000 more in other parts; 
making a total of 109,000 spec- 
tators who could view at their 
ease the sports and combats in 
the arena. We do not think there 
is much, if any, exaggeration in Fontana’s statement, seeing that the building covers nearly 
six Fnglish acres of ground. Tlie reader will from the above description identify the 
structure mentioned by Martial ; — 

Omnis Caesareo cedat labor amphitheatro, 

Unum pro cunctis fama loquatur opus. 

“ Biennio post ac menses novem amphitbeatri perfect© opere,” is the expression of Victor 
in respect to the time employed in its construction. Though the monument itself be 
astonishing, still more so is it that such a mass should have taken only two years and nine 
months in building, even with all the means that the emperors had under their power. We 
'shall reserve a more particular description of it for a subsequent page. In spite of tbe^ ra- 
v ag pg of time, and the hands, ancient and modern, which have despoiled it for its materials, 
enough still remains completely to exhibit the original plan, and to enable the spectator 
to form a perfect idea of the immense mass. The Baths of Titus were another of the 
wonders of the age. The remains of them are not so perfect as others, but they are still 
majestic. Besides the edifices erected by Vespasian and his son, they made it a part of 
their duty to take measures for the preservation of those which existed, and were in need 
of repair and restoration. 

1 93. The last Caesar, Domitian, was of a disposition too wicked to be of service to his 
country : his reign was, fortunately for it, but short. In the year 98, on the death of Nerva, 
Trajan became master of the empire. He bad served against the Jews under \ espasian 
and Htus, and probably acquired from them and their example a great ^^te for archi- 
tecture, in which he shed a lustre upon the country as gr^t as his splendid victories over 
the Persians and Dacians gained for it in the field. Of his works, which, as Gibbon says, 
bear the stamp of his genius, his bridge over the Danube must have been a surprising 
effort. According to Dio Cassius, this bridge was constructed with twenty stone piers in 

» 
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the river, 150 ft. high and 60 feet wide, bearing arches of 170 ft. span. It was destroyed 
by Hadrian, his successor : some say out of envy ; but the plea was, that it served the bar- 
barians as an inlet to the empire, as much as it facilitated the passage of its troops to keep 
them in subjection. His triumphal arches, his column {Jig. 111.), and forum, and other 

works, attest the vigour and beauty of the art under the 
reign of Trajan. The forum was a quadrangle sur- 
rounded by a lofty portico, into which the entrance was 
through four triumphal arches, and in the centre was the 
column. Apollodorus was his principal architect, py 
whom was erected the column above mentioned, which 
was not only the chef-d’oeuvre of the age, but has never 
been surpassed. It is 110 ft. high, thus marking the 
height of the hill that had been cut away to receive the 
forum. “ The public monuments with which Hadrian 
adorned every province of the empire were executed 
not only by his orders, but under his immediate inspec- 
tion. He was himself an artist ; and he loved the arts, 
as they conduced to the glory of the monarch. They 
were encouraged by the Antonines, as they contributed 
to the happiness of the people. But if they were the 
first, they were not the only architects of their domi- 
nions. Their example was universally imitated by their 
principal subjects, who were not afraid of declaring to 
the world that they had spirit to conceive and wealth 
to accomplish the noblest undertakings. Scarcely had 
the proud structure of the Coliseum been dedicated at 
Rome, before edidces of a smaller scale indeed, but of 
the same design and materials, were erected for the use 
and at the expense of the cities of Capua and Verona. The inscription of the stupendous 
bridge at Alcantara attests that it was thrown over the Tagus by the contribution of a few 
Lusitanian communities. When Pliny was entrusted with the government of Bithynia and 
Pontus, provinces by no means the richest or roost considerable of the empire, he found 
the cities within his jurisdiction striving with each other in every useful and ornamental 
work that might deserve the curiosity of strangers, c^r the gratitude of their citizens. It 
was the duty of the proconsul to supply their deficiencies, to direct their taste, and some- 
times to moderate their emulation. The opulent senators of Rome and the provinces 
esteemed it an honour, and almost an obligation, to adorn the splendour of their age and 
country ; and the influence of fashion very frequently supplied the want of taste or 
generosity. Among a crowd of these private benefrctors, we select Herodes Atticus, an 
Athenian citizen, who lived in the age of the Antonines. Whatever might be the motive 
of his conduct, his magnificence would have been worthy of the greatest kings.” We make 
no apology for so long a quotation from the historian of the Decline and FaUf whose ex- 
pressions are so suitable to our purpose. The frmily of Herod was highly descended ; but 
his grandfrther had suffered by the hands of justice ; and Julius Atticus, his father, must 
have died, in poverty, but for the discovery of an immense treasure in an old house, the 
only piece of his patrimony that rerarined. By the law this would have been the property 
of the emperor, to whom Julius gave immediate information. Nerva the Just, who wa& 
then on the throne, refused to accept it, desiring him to keep it and use it. The cautiou^^ 
Athenian hesitatingly replied, that the treasure was too large for a subject, and that he 
knew not how to use it. The emperor replied, ** Abuse it then, for *tis your own.” He 
seems rerily to have followed the monarch’s bidding, for he expended the greatest part of^ 
it in the service of the public. This man’s son, Herodes, had acquired the prefecture of the 
free cities of Asia, among which the town of Troas being ill supplied with water, he ob- 
tained from the munificence of Hadrian a sum equivalent to 100,000/. sterling for con- 
structing a new aqueduct, l^e work on execution amounted to double the estimate ; and 
on the officers of the revenue complaining, Atticus charged himself with the whole of the 
additional expense. Some considerable ruins still preserve the ffime of his taste and muni- 
ficence. The Stadium which he erected at Athens was 600 ft, in length, entirely of white 
marble, and capable of recei ing the whole body of the people. To the memory of his 
wifr, R^illa, he dedicated a theatre, in which no wood except cedar was employed. He 
restored the Odeum to its ancient beauty ana magnificence. His boundless liberality was 
not, however, confined within the city of Athens. “ The most splendid ornaments,” says 
Gibbon, “ bestowed on the temple of Neptune in the Isthmus, a theatre at Corinth, a 
stadium at Delphi, a bath at Tliermopylae, and an aqueduct at Canusium in Italy, were 
insufficient to exhaust his treasures. The people of £piru% Thessaly, Euboea, Bceotia, 
and Peloponnesus experienced his ffivours, and many inscriptions of the cities of Greece 
and Asia gratefully style Herodes Atticus their patron and benefactor.’' 
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194. Architecture was stili practised with success under the Antonines, the successors of 
Fladrian, among whom Marcus Aurelius was a great patron of the arts. On these history 
almost instructs us, that the effect of the individual character of the sovereign, and the 
general and leading circumstanoes of his reign^ are so inffuential as to enable us from the 
two last to estimate the prosperity of the first. 

] 95. The rapidity with which after the time of Commodus, that most unworthy son of 
a worthy father, the emperors succeeded each other, was as unfavourable for the arts as for 
their country. A little stand was made against their rapid decline, under Septimius 
Sevefbs, whose triumphal arch still remains as a link in the chain of their decay, and 
perhaps the first. It is difficult to conceive how in so short a period from the time of 
Marcus Aurelius, not thirty years, sculpture had so lost ground. In the arch commonly 
called tliat of the Goldsmiths, the form and character of good architecture is entirely 
obliterated. Its profiles are vicious, and its ornaments debased and overcharged. 

196. The art was somewhat resuscitated under Alexander Severus, but it was fast follow- 
ing the fate of the empire in the West, and had become almost lifeless under Valerian 
and his son Gallienus, whose arch is an index to its state in his reign. The number of com- 
petitors for the purple, and the incursions of the barbarians, were felt. Aurelian and 
Probus suspended its total annihilation ; but their reigns were unfortunately too short to 
do it substantial service. Tlie extraordinary structures at Baalbec and Palmyra have been 
referred, on the authority of a fragment of John of Antioch, surnamed !Malala, to the age 
of Antoninus Pius ; but we are inclined to think the style places them a little later than 
that period. Baalbec, or, as its Syrian meaning imports, the City of Baal, or the Sun, is 
situate at the north-eastern extremity of the valley of Becat or Beka, near that place 
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uhere tlie two Lebaiions unite, about fifty miles to the north-west of Damascus. The 
I’ll St traveller who described it witli accuracy was Maundrel), in his Journey from Aleppo 



to Jerusalem, in 1697. It has, 
however, been since visited, as well 
as Palmyra, by Messrs. Wood and 
Dawkins, in 1751, and by M. 
Volney at a later period. Tlie 
principal building, the temple, is 
of a rectangular form, and is seated 
in the centre of the western ex- 
tremity of a large quadrangular 
enclosure, two of whose sides were 
parallel to those of the temple ; and 
parallel to its front was the third. 
To this was attached an hexagonal 
court, serving as a vestibule, in 
front of which was the grand en- 
trance portico. The length of the 
quadrangle is about 360 ft. and 
breadth about 350 ft. ( See/y. 112.) 
The temple, marked A, is, in round 
numbers, 200 ft. in length, and 
100ft. in breadth; it was dipteral, 
and had ten columns in front 


and nineteen on the sides. That the reader may form some idea of the style, which was 
to the last degree debased, and would not justify by any utility the extending this ac- 
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count, we have mfig^ 113. given the sketch of a circular temple standing near the above. 
Of Emesa, the other celebrated Coelo- Syrian city, not a vestige remains. 

197. Of Tadmor, or Palmyra, denoting both in Syriac as well as Latin a multitude of 
palm-trees, Solomon was said to have been the original fbunder. It lies considerably to 
the east of Baalbec, and upwards of 200 miles from the nearest coast of Syria. Situate 
between the Roman and Parthian monarchies, it was suffered to observe a humble neu- 
trality until afrer the victories of Trajan ; when, sinking into the bosom of Rome, it 
flourished more than 150 years in the subordinate though humble rank of a colony. “ It 
was during that peaceful period,” observes Gibbon, “ if we may judge from a few remain- 
ing inscriptions, that the wealthy Palmyrenians constructed those temples, palaces, and 
porticoes, whose ruins, scattered over an extent of several miles, have deserved the curiosity 
of our travellers.” The ruins of it were discovered by some English travellers towards 
the end of the 17th century, and were more lately visited by the Messrs. Dawkins and 
Wood, already mentioned. The power of Zenobia, who wished to shake off the sub- 
jection to Rome, was insufficient to withstand the forces of Aurelian, and Palmyra 
fell into his hands about the year 237. A slight sketch of the ruins {Jig. 114.) is here 

given. The style of architecture 
is almost the same as that of Baal- 
bec \ and, like that, so vitiated in 
almost every profile, that we do 
not think it necessary longer to 
dwell upon it, although great the 
extent of its ruins. In the same 
way, we must pass over those of 
Djerash, which were visited by Mr. 
Barry, and of other considerable 
cities, though some are said to con- 
tain examples in a better and purer 
Fig. 114. news OF style. 

1 98. The reign of Dioclesian was extended, and was ill ustrious from his military exploits. 
It was also remarkable for the wisdom he displayed in dividing with others the discharge 
of duties he could not himself perform ; as well as, finally, by his abdication and retirement 
to Spalatro. Architecture was, however, too far sunk for him to raise it ; and, though mo- 
numents of great grandeur were reared by him in Rome and his native town of Salona, they 
were degenerated by innovation and a profusion of ornaments which sometimes proved dis- 
astrous to those beneath, upon whom they occasionally fell, but the taste for which, among the 
Romans, had increased by their intercourse with the East. At a period when no sculptor 
existed in Rome, this monarch raised the celebrated baths there which bear his name. His 
palace at Spalatro(^y. 115.)covered between nine and ten English acres. Its form was quad- 
rangular, flanked with sixteen towers. Two of the sides were 600 ft., and the other 700 ft. 
in length. It was constructed of stone little inferior to marble. Four streets, intersecting 
each other at right angles, divided the several parts of the edifice ; and the approach to the 
principal apartment was from a stately entrance, still called the golden gate. By compar- 
ing the present remains with the Treatise by Vitruvius, there appears a coincidence in the 
practice here with the precepts of that author. The building consisted of only one story, 
and the rooms were lighted from above. Towards the south-west was a portico upwards 
of 500 ft. long, ornamented with painting and sculpture. We do not think it necessary to 
follow up further the decay of the arts in the West; it is sufficient to add that the fifth 
century witnessed the contemporaneous fall of them and of Rome itself. 

1 99. Towards the year 330, the seat of the Roman empire was removed to Constantinople, 
where the reign of Constantine, though brilliant, was unsuccessful in restoring the arts, 
upon which religious as well as political causes had begun to act. The establishment of 
Christianity had less effect on architecture than on her sister arts. The new species of 
worship could be performed as well in the old as in temples of a new form, or the old 
columns might be employed in new edifices, in which, indeed, they were eminently ser- 
viceable ; but statues of the gods were no longer wanted, and the sculptor’s art was aban- 
doned. The removal, however, of the government to the Bosphorus retarded the decline 
of the empire in the East. Byzantium, on whose foundations was placed the city of Con- 
stantinople, owed its origin to a colony of Megarians ; and little was it to be imagined that 
its disasters would have closed in so glorious a termination as occurred to it. The ancient 
city still continued to possess some splendid productions of the schools of Asia Minor, which 
it ^most touched, and in common with which it enjoyed the arts. Constantine profited 
by the circumstance, restored the monuments, and transported thither the best examples of 
s^pture. 

200. Architecture was called in by the emperor to aid him in affording security, conveni- 
ence, and pleasure to the inhabitants of the new metropolis. Vast walls surrounded the city; 
superb porticoes, squares of every kind, aqueducts, baths, theatres, hippodromes, obelisks. 
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triumphal arches, stately and magnificent temples, were provided for the public. Schools 
of architecture, which none but persons of good birth were allowed to enter, were esta- 
blished, with professors and prizes for the meritorious. With all this care, one might have 
supposed a plentiful harvest would have been reaped. But, alas ! with all the expense, with 
all the fine marbles that were employed, with the bronze and gold lavished on the 
construction and decoration of the edifices erected, the art was not re-establtthed on its 
true principles. Every thing was rich ; but, notwithstmding the exaggerated praises of 
the ignorant writers of the day, every thing was deficient in real beauty. Bmhness of 
material wUl never compensate for want of elegance in form. “ "^e buildings of the new 
city,” observes Gibbon, “ were executed by such artificers as the reign of Constantine could 
afford ; but they were decorated by the hands of the most celebrated masters of the age of 
Pericles and Alexander. To revive the genius of Phidias md Lysippus surpassed, indeed, 
the power of a Roman emperor ; but the immortal productions which they had bequeaths 
to posterity were exposed without defence to the rapacious vanity of a despot. By his 









8^ 


HISTORY OF ARCHITECTURE. 


Book I. 


comnyinds the nties of Greece and Asia were despoiled of their most valuable ornaments. 

trophies of memorable wars, the objects of religious veneration, the most finished 
statecs (^&e gods and heroes of^the sages and poets of ancient times, contributed to the 
splendid triumph of Constantinople, and gave occasion to the renuurk of the historian 
Cedrcaius, who observes, with some enthusiasm, that nothing seemed wanting except the souls 

the illustrious men whom th(»e admirable monuments were intended to represent.” 

201. In Rome, the triumphal arch erected in honour of Constantine presenl^ to this day, 
an example of the barbarous and tastel^s spirit of the age. It is nothing less than an 
incongruous mixture in sculpture and architecture, of two periods remote from each otner. 
But, discordant as the styles are, the absurdity of placing on it part of the triumphs of 
Tn^an, whose arch was robbed for the occasion, is still greater. Not only was Trajan’s arch 
^^oiled of its bas reliefs, but the columns and capitals, which the architect, from ignorance 
scarcely knew bow to put together, were stolen for the occasion. We have used the term 
ignorance of the architect who, (if the monument were not standing, the &ct could scarcely 
be credited,) with the finest models before his eye^ placed modillions with dentils in the 
cornice, and has used the same parts in his impost. 

202. The partition of the empire at the death of Constantine was injurious as well to the 
arts as to the empire; and at its reunion by Constantiiis in 353, he exhibited but little soli- 
citude about their prosperity. On a visit of thirty days to Rome, he presented the rity with 
the obdisk that now stands in front of the Basilica of S. Giovanni Laterano. It been 
intraded by Constantine for his new city ; and, after being brought down the Nile from the 
Temple the Sun at Heliopolis, was conveyed to the banks of the Tiber ingtoad of tiiose 
of the Bosphorus. After bemg landed about three miles from the city, it was first elevated 
in the Circus Maximus. This piece of granito is about 115 ft. in length. 

203. Julian’s name is in bad odour with the Christian world ; but he ought, neverthe- 
less, to bare justice rendered to him for his administration of the affairs of the empire, bis 
love of freedom, and his patronage of the arts. This emperor, at Constantinople, con- 
structed some porticoes and improved the port ; and, even at so remote a spot as Paris, there 
still remain the mins of a palace and baths of his constmction ; a circumstance which should 
make lus memory an object of respect, perhaps veneration, to the inhabitants of that city. 

204. Under Valentinian and Valens the arts received little attention, though the former 
manifested some care for them. Gratian was entitled to a sort of ilegative praise for 
leaving the empire of the West to his brother Valentinian II., and that of the East to Theo- 
dosius; who, after the death of the former, held the sway of the whole empire, patronising 
architecture, and erecting many large edifices in Constantinople. After this the empire was 
lastingly divided. On the death of Theodosius, Arcadius succeeded bun in the East, and 
in the West Honorius, under whom, whilst he was ingloriously enjoying the pleasures and 
luxuries of his palace at Ravenna, Alaric, king of the Vid^oths, entered and pillaged Rome 
in the year 410. Honorius raised or repaired several of the Basilicas at Rome ; amnng 
them that of S. Paolo fiiori le Mura ; and, in honour of the two emperors, a triumphal arch 
was erected in the city in 406, but of this no remains are in existence. 

205. After tius time, for rixty years the empire of the West was in a state of distraction. 
Nine princes filled the throne during that period, on and off the stage, rather lifcA actors 
than monarchs. But the extinction of the Roman name could be no longer protracted. 
In 455, Genseric, king of the Vandals, gave up Rome for pillage to his solders for the 
space of three days, and some years after, his example was followed by Ricimer. In 476, 
the Roman ^npire in the West was annihilated. 

206. We l^ve tbu^ in this and the preceding section, shortly traced the history of Roman 

architecture from its dawn among the Etruscans to the close of the regal power in Rome ; 
and from tiiat period to the time of Its culmination under Augustus, an age of great splen« 
dour in the art, comparable even with the best days of Athens, if allowance be for 

the respective habits of the nations and the climates under which they were placed. From 
the zenith we have followed it in its setting under Hioclesian, and after tl^ through its 
crepuseulum, which, in 476, was succeeded by total darkness ; a darkness, however, not 
witoout meteors and coruscations which occasionally enabled us to enlighten the reader in 
the journey he has undertaken with us. The revolutions, however, of empires, like those of 
tile globe on its axis, bring oth^ dawns : such, is the case with the arts, which follow those 
revolutions ; and we shall hereafter have to record another dawn of them, which, like the 
light of our great luminary, had its day-spring in the east, whence came the architects of 
Vemce «id ^sa. But, b^bre we approach tbM period, it will be necessary to take a cur- 
sory ^ance at those monuments of Rome and other places under its dominion, in which the 
mins alone attest the extraordinary power and magnificence of that State, and to examine 
the details of thrir construction as respects what amply presents itself to the eye. 

207. We now, therefore, proceed to a view, 1. Of the religious buildings of the Ro- 
mans in q u ad ra ngular and circolar temples ; 2. Of their public buildings in fora, triumphal 
arel^ bndges, aqueducts, theatres, amfdiitheatres, and baths and circi ; 3. Of t^ir private 
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houses and tombs ; confining ourselves to those ruins in the city, and occasionally the pro- 
vinces, which best illustrate the subject. 

208. Temples. — 1. The quadrangular Roman temple partook very much of its Greek, or 
perhaps Etruscan, original ; though occasionally, as in the Temple of Peace, there is a very 
considerable deviation from the type. But the exceptions to the general rule are very 
few indeed in number. The most beautiful temple of the Corinthian order that per- 
haps ever existed in the world was the Temple of Jupiter Stator, in the Campo Vaccino 
(Forum), at Rome. We adopt the name of Jupiter Stator, because by that, though 
its propriety cannot be now ascertained, it is generally known. Recent excavations have 
proved that it was an octastyle peripteral temple, with twelve columns in Hank, and that 
the cell occupied eight columns with their intercolumniations in depth. No Greek work 
could surpass in elegance and beauty the profile of the Corinthian order employed in this 
edifice. The papital, whether we consider it in design or execution, is unparalleled. At 
the same time we must admit that it bears every mark of the improvements that had been 
effected through the medium of Greek artists. Only three columns of it remain ; these 
are 47*65 ft. high, their lower diameter being 4*84 ; so that, in terms of the diameter, the 
columns are 9*8 diameters high. The height of the entablature is a small fraction less than 
one quarter the height of the column. The intercolumniations are, as nearly as possible, 
1 *5 diameter of the column ; whence the size of the temple will be easily determined. 

209. Almost at thefoot of the Capitol, not far from the Temple of Jupiter Stator, stands the 
Corinthian Temple of Jupiter Tonans, reputed to have been built by Augustus, of which, 
as of the last, only three columns remain. This was an hexastyle peripteral (except on the 
side towards the rock) temple, 1 15 ft. long and 92 ft. wide, measured from outside to outside 
of column. The columns are 47*08 ft. high, and their lower diameter is 4*60 ft. ; their 
height, therefore, in terms of the diameter, is very nearly 10^ diameters. The height of 
the entablature is 9*77 ft., or not quite one fifth of the height of the column. The inter- 
columniations are 1*56 diameter. There is a tale in Suetonius, that Augustus had bells 
suspended round this temple for the purpose of scaring the birds away, which their agita- 
tion by the wind effected. The style of this temple is inferior to that last described, yet it 
is not without beauty, though we must allow the cornice is, as compared with it, deficient 
in efiTect. 

2!0. The Temple of Mars Ultor was one of those erected by Augustus. Its profile ex- 
hibits a fine and bold example of the Corinthian order. Its whole length was about 116 ft., 
and its breadth about 73 ft. The cornice of the entablature is wanting. The intercohimnU 
ations are about diameter. 

211. In the Campo Vaccino are the remains of a Corinthian temple, built by M. Aurelius 
in honour of Antoninus, his predecessor, and Faustina, the daughter of that emperor and wife 
of M. Aurelius. It was prostylos and hexastylos * the columns are 46*10 ft. high; the 
entablature 11*03 ft. ; diameter of the columns 4*85 ft. ; and the intercolumniations, except 
the centre one, which is wider thau the others, are 1^ diameter of the columns. From 
the above it follows that the columns are 9^ diameters high, and the entablature rather less 
than one fourth the height of the column. The frieze is ornamented with griffins and 
candelabra in a very good style of art. It is not our intention to describe more than the 
principal temples, with their parts, but to afford to the reader in this place a general view 
of the art ; we shall therefore merely mention those of the Maison Carree at Nismes, and 
the little edifice at Trevi, which last is erected in a very vitiated style : both are of the 
Corinthian order, and quadrangular in form. 

21 2. Rome is very poor in examples of Ionic temples, the only two remaining being that 
of Fortuna Virilis and that of Concord ; the first not very pure in its detail, and the latter in 
the very worst style. The Temple of Fortuna Virilis is of the species called prostyle and te- 
trastyle ; that is, with four columns in front and seven on the sides, whereof the cell occupies 
four intercolumniations. The height of the columns is 27*35 ft. ; the lower diameter of the 
columns 3*11 ft.; and the height of the entablature 6*78 ft. A peculiarity has been no- 
ticed in this example of the different centres of the ornamented members being ranged so 
as to fall with exactness over the axes of the columns. 

213. The Temple of Concord, which is a restoration, as the inscription on it proves, of a 
former temple that stood on the spot, is most probably of the age of Constantine, and scarcely 
deserves the notice here taken of it, except as a connecting link in the chain of art. It was 
hexastyle and peripteral. The eight columns which remain are of red and white granite 
of different diameters. The bases are .Attic, and without plinths, except those of the angular 
columns. The capitals are inelegant and clumsily sculptured. The mouldings of the 
architrave have been chiselled away to form a plane surface for containing the inscription. 
ModilUons and dentils are met with in the cornice, and the frieze in the interior was 
sculptured. The height of the columns is 42*86 fl., and their lower diameter 4-48 ft.; so 
that they are about 9^ diameters high. The height of the entablature is 7*2 ft., or about 
one sixth of the height of the column. 
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214. The circular temples of Home and its neighbourhood will next be mentioned. Two 
of them, that of Vesta at Rome and of the Sybil at Tivoli, of the Corinthian order, are of 
considerable antiquity. Their cells are cylindrical, and are supposed to have been covered 
with domes resting on the walls, though that is by no means certain. The Temple of 
Vesta is raised on three steps, whilst that of the Sybil is raised on a circular basement 
about five feet high. Both tlie cells are encircled about with a colonnade of the Corinthian 
order. Tlie capitals of the Temple of the Sybil are extraordinary ^s pieces of effective art. 
The leaves of the capital, instead of being apptiquees to the bell, as in other examples, are 
in this cut into it, and impart a magical appearance to it. The tout ensemble 8f this 
temple seems to have been conceived with an eye to its situation, and the order seems 
calculated only for the spot on which it stands (see Jig. 116.). The circular Temple 



of Bacchus is of a late date. In its exterior there is nothing to remark, except that it has 
lost a portico at its entrance which originally belonged to it. It consists of a central cir- 
cular cell, if such it may be called, surrounded by a circular aisle, the former being 
separated from the latter by twelve pairs of double columns, coupled in the direction of the 
radii of the plan; from which columns arches spring, carrying a cylindrical wall 39*36 ft. 
diameter, covered with a hemispherical dome 65*6 ft. high from the pavement. The 
aisle or corridor is 14*75 ft. wide, surrounding, as we have said, the double colonnade, 
from which to the exterior wall is a semicircular vault, whose sofite is 32 ft. high from 
the pavement. The Temple of Minerva Medica is in a very ruined state ; little more than 
half of it is standing. It was, when perfect, of a cylindrical shape, 1 10 ft. in diameter ; but 

the interior was formed 
into ten plane vertical 
faces, each whereof a 
semicircular recess open 
towards the centre of the 
building. A hemispherical 
brick dome covered the 
temple, whose vertex is 
113ft. from the pavement. 
A semicircular wing, co- 
vered byahemispherically 
formed vault, stood on 
each side of the building, 
but they are now in ruins. 
Fig. 117. shows the ruin 
as it was in 1816, from a 
memorandum we then 
made. A rectangular ves- 
tibule with four Corin- 
thian columns formed the 
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entrance, and was surmounted by a pediment roof. The temple now stands in a private 
garden. 

21 5. We have reserved for the last example of a circular temple the celebrated Pantheon, 
supposed to have formed at one time a portion of the baths of Agrippa ; but whether with 
truth we must decline investigating, as unconnected with our present purpose. Our own 
belief is, that the body of the temple was erected in the time of the republic with simple 
large niches, as in^^s. 118. and 119., in the left sid^ whereof it is shown as originally built, 

and on the right sides as now standing, 
and that the portico was appended 
by Agrippa about a. d. 14, at which 
time the columns were added to the 
niches, and other alterations made, as 
seen on the right half of the plan 
and section. The interior is circular, 
and about 139 ft. diameter, measuring 
from inside to Inside of the columns, 
which are about 33 ft. high. At a 
height of 75 ft. from the ground in 
the interior springs the hemispherical 
dome, which has five horizontal ranks 
of caissons or panels, the top of the 
dome being terminated by what is 
technically termed an eye, or circular 
opening, about 27 ft. diameter. All 
that is found in the temple is of the 
Corinthian order. 

(216.) Fiff. 120. is an elevation of 
the Pantheon, with the portico of the 
Parthenon below it, for the purpose 
of comparing the relative sizes of the 
porticoes of the two buildings. The 
portico, it will be seen, is octastyle, 
and projects 62 ft. from the circum- 
ference of the circular part of the 
edifice. The shafts of the columns 
are plain, and the portico is sur- 
mounted by a pediment similar 
to that on the wall of the building. 
The columns are 47 ’03 ft. high, and 
their lower diameter 4*79 ft. The 
fifth of tlie height of the column, llie 
profile of the order is bold and well 
conceived, and the execution in a 
good style. It has been stripped of 
its ornaments, many whereof were 
bronze, by the cupidity of the pos- 
sessors of power at various times. 
Though the present interior is com- 
paratively modern, we think it right 
to give the following particulars of 
the order : — The columns are 34*67 
ft. high, the lower diameter being 
3*64 ft. The shafts are fiuted, and 
have what are called cablings up one 
' third of their height. It will be seen 
on inspection of the plan that these 
columns are placed in front of the 
great niches. We are not aware that 
the circumstance whereto vre are 
about to advert has been heretofore 
noticed, and we give the result of our 
calculation in round numbers only, as an approximation to the truth. The rules for 
lighting apartments will form the subject of a fiiture section. We sh^l here merely observe, 
that the contents of the builcUng, measuring round the inner convexity of the columns, and 
not calculating the niches, is about 1,787,300 cubic feet, and that the area of the eye of the 
dome is about 32 square ft., from %vhich it follows that 2226 cubic ft. of space in this 
building are lighted by 1 foot superficial of light. The building is neither gloomy nor 
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dark ; on the contrary a pleasant l^ht is diffused throughout, and darkness is not found in 
any corner of it. This is a subject well worthy of consideration, and one which we pro- 
pose hereafter to turn to practical account. 




F]g. 120. rORTiCo or farthbror. 


217. The Temple of Peace has been reserved by us to close the notices of the Roman tem- 
ples, because of its deviation from the general form of other Greek and Roman temples, which 
ill the quadrangular species are so formed on one general plan that ah uno disce omnes is the 
expression applicable to them. The^^s. 121. and 122. represent the plan and section of this 

building. The former will be seen 
to have been rectangular, with a 
porch extending along the whole 
breadth of the building in front. 
This was vaulted, the summit in- 
teriorly being 35 ft. high ; and id 
front were seven semicircular-headed 
apertures serving as entrances. The 
length of the temple outside, not 
including the depth of the porch, 
was 294 ft. ; depth of the porch 30 
ft. ; width of the building 197 ft. The 
temple was longitudinally divided 
into three nearly equal parts, whereof 
the central one was a rectangular 
salone of the whole length of the 
temple, whose breadth was one third 
of its length. The roof of this was 
a vault with three groins, formed 
by the intersection of semicylindrical 
vaplts at right angles to the cen- 
tral one. The height of the vaulting from the pavement was al>out 116 ft., and 
appears to have been decorated with sunk panels. We shall not liowever pursue the 
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verbal description of this edifice, which will be much better understood by an inspection of 
the diagrams. We will only add, that although the columns in the interior are entirely 
gone, and the building is in a sad state of dilapidation, enough has been discovered to prove 

that the restoration here submitted 


to the reader is not very far from the 

_ ^ truth. In many cases the restorations 

Z' \ ' Palladio, whose works it is the 
' i fashion amongst half-instructed archi- 

• 4 . L- " “ ' i*X tects and still less informed amateurs 

; ■ - , ’ decry, are not to be wholly relied 

I : M on in his capacity of antiquary, and 

■ ! i certainly must not be taken for granted ; 

I but his restoration of this temple cannot 

■ B_ widely differ from the truth. It ap- 

- ^ pears to have been founded by Claudius, 

TEMPLE o» PEACE. fimshcd by Vespasian after the 

conquest of Judea, and seems to have been the depository of the spoils of the temple at 
Jerusalem. It is uncertain by what accident in the reign of Commodus it was destroyed, 
but it is conjectured it was restored during his reign. It may not be here altogether out 
of place to notice that the temple in question seems in some measure to have furnished the 
hint for the nave of the Italian Duomo with its side aisles. It was but in the addition 


of the transepts and choir, whose type is indicated even in the basilicze of the first 
Christians, that a variation is to be seen. If the cross, however, be not sufficiently apparent 
in the basilica, it cannot be mistaken in the churches but little later. 

218. Fora, — 2. The Forum of the Romans is described generally in Vitruvius (Book vi. 
chap. 1.). He directs that it should be a large rectangular area, whose breadth is to be 
about two thirds of its length. The basilica or court of justice, serving also as an exchange 
for the merchants, is to be attached to it. The forum in a Roman city was the arena on 
which business, politics, and pleasure were equally transacted, discussed, and enjoyed. 
Among the Greeks it was called the ayopay signifying a place in which the citizens were 
collected. It is here to be observed, that the fora of the Romans were of two sorts : Fora 
Civilia and Fora Venalia ; the former whereof were designed as well with the object of 
ornamenting the cities in which they were erected, as for admitting a site for the public 
courts of justice, and other public buildings ; the latter were intended to provide for the 
necessities and conveniences of the inhabitants, and no doubt bore a resemblance to our 


markets, 'fhe great Forum at Rome was seated between the Palatine and Capitoline 
hills. Though its boundary cannot now be satisfactorily traced, there seems little doubt 
that it included the Arch of Septimius Severus, the Temple of Concord, and the Curia or 
senate house, as well as the building of the Temple of Jupiter Stator, which has been above 
noticed. Restorations of this have been imagined by more than one artist, and more par- 
ticularly by an ingenious French artist of the name of Caristie, who has published a thin 
folio volume on the subject, well deserving the attention of the architectural student ; but 
as we shall presently place before the reader a forum from Pompeii in which less uncertainty 
exists, we shall not stop here in our enumeration of the other fora of Rome. The Forum 
of Nerva is said to have been 367 ft. long, and 164 ft. wide. At one end were five arched 
entrances, and at the other the Temple of Nerva. The Forum of Trajan, built by the 
emperor whose name it bears, was erected from the foreign spoils taken by him in his 
wars. The coverings of its edifices were all of brass, and the porticoes and their columns 
constructed in an exceedingly splendid style of execution. Ammianus Marcellinus {Hist. 
lib. xvL) describes, with much force, the delight of Constantius on contemplating it when 
he made his triumphal entry into Rome. The representations make its length 1 1 50 ft. , 
and its mean breadth about 470 ft. In it was the emperor’s magnificent column (Jig. 111.), 
at one end was the Temple of Trajan, and at the other his Triumphal Arch. This Forum 
contained the celebrated and splendid Basilica Ulpiana. The other example we shall 
mention was at Fano, and we mention it because it contained a basilica by Vitruvius him- 
self. He describes the portico of the Temple of Augustus as joining that side of the 
basilica which was furthest from the centre of the Forum, and a temple of Jupiter as 
standing at the opposite end. He goes on to describe the Treasury, Prison, and Curia, 
as placed on the longer sides of the Forum exteriorly to the shops which surrounded the 
area. The commentators on Vitruvius have been at considerable pains to make out the 
plan of the basilica of this building ft’om the verbal description of it by the author, — 
perhaps none of them with greater success than old Daniel Barbaro. 

219. But no words convey the description of a place so well as a diagram of the object 
under consideration; and as there exists at Pompeii a forum so perfect, that all the rules 
given by our great master are exemplified in it, we here place the plan {Jig. 123.) of the 
forum there before the reader, so that he may have a complete notion of the arrangement. 
Entering from the gate of Herculaneum, the principal street leads to its north-west corner. 
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whence the access to it is hy a flight of steps downwards, through an arch in a brick wall, 
still partially covered with stucco. It has been conjectured with probability, that the en- 
trances to it were occasionally closed, from the remains of iron gates having been found 
at some of them. A smaller passage occurs to the right of the arch just mentioned, and 
a fountain attached to the w^l between them. A is supposed to have been a temple of 
Venus ; B, a public granary ; C, a temple of Jupiter ; D, probably a Senaculum, or 
council chamber ; E, a temple to Mercury ; F, a Chalcidicum ; GG, curiae; H, treasury; 
I, triumphal arch ; K, araeostyle portico with ambulatory above. 



221 . Bruges. — There is perhaps no single point in the history of architecture by which 
the civilisation of a pwple is so eiily recogni^ as by that of theb bridges. Latterly, in 
this country, the division of science as well as labour has so changed, that it seems almost 
nece^ry to refer to other works for knowledge on this subject ; but as this is one in which 
architecture in all its branches must be considered, we shall here, as in the other sections 
of this work relating to the point in question, treat it in such manner as to give the 
reader some notion of the subject. The history of the bridges in every nation is conneeted 
with local causes, which have great influence on their construction ; and though in other 
respects a nation may in the arts have attained a high pitch of excellence, yet it is possible 
that in bridge building their progress may be very limited as respects science The matter 
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will depend entirely on the nature of the country. In our view of Grecian Architecture 
tins subject has not been even mentioned, and it is nearly certain that Greece boasts no 



Fig. Iii4. F{.AN AND Vtstv OF rilB ABCH OF COI«iTANTIN8. 

bridge whose date is anterior to its occupation by the Romans. But, independent of its 
want of acqumntance with the arch, the circumstance may be accounted for by the country 
not being intersected by any river of magnitude. Those to which one might be inclined 
to attach the name of river, are rather mountain torrents than sheets of water rolling their 
streams down to the ocean. A single arch in most cases would be all that was necessary 
to connect opposite banks, and the rocks themselves would form abutments for the single 
arch that was to connect them, without danger of failure. 

222. In Italy, however, a country watered by many and considerable rivers, the study of the 
architecture of bridges was indispensable, as well for the accommodation of the cities with 
which it abounded, as for the service of the constant military expeditions of the restless and 
craving people who inhabited its surface. From its very earliest foundation, no city in the 
*world would sooner have been placed in the predicament of requiring bridges than Rome 
ber^lf; besides which, skill was required in their construction over a river like the Tiber, 
rapid and liable to be swelled by sudden floods. The earliest bridges of the Romans were of 
timber ; such was that which joined the Janiculum to the Mons Aventinus, called the Pons 
Sublicius from the subUetB, stakes ( Liv. i. c. 33. ), whereof it was composed. It is not here our 
intention to enumerate the ancient bridges of Rome; but the ruins of those which have come 
under our observation exhibit skill and science not inferior to the most extraordinary ex- 
amples which modern art can exhibit ; witness the Pons Narniensis on the Flaminian way 
near Nami, about sixty miles from Rome. It was built by Augustus, and at the present 
day there remains, as though standing to mock modern science, an arch of a span of 150 ft., 
whose intrados is 100 ft. above the level of the river below. But of the works of this 
kind executed by the Romans we know of none, either in ancient or modern times, that is 
comparable with that erected by Trajan over the Danube, whose piers from their foun- 
dation were 150 ft. in height, and the span of whose arches was 170 ft., and to the 
number of twenty. The bridge was 60 ft. in w’idth. Tliis work, whose existence is 
scarcely credible, putting in the background all that of which in the present day it is our 
habit to boast, is reputed to have been destroyed by Hadrian, the successor of its founder, 
under a pretence that if the barbarians became masters of it, it might serve them as well 
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for making incursions on the empire, as for the empire in repressing those incursions. But 
other less creditable motives have been attributed to Hadrian for its destruction, one of 
them the envy he had of the name of its founder. There are still partial remains of an 
ancient Roman bridge over the Tagus near Alcantara. This consisted of six arches, each 
80 ft. span, extending altogether 800 ft. in length, and some of them 200 ft. high above 
the river. We do not, in closing our brief view of the bridges of the Romans, more than 
mention the extraordinary temporary bridge which Casar threw over the Rhine. 

223. Aqueducts. — It is obvious that of all the requisites for a city, the supply of 
wholesome water is only equalled by that of discharging it, which latter we have before 
seen was well provided for in the Eternal City. The aqueducts by which the Romans 
supplied their cities with this necessary element, are among the largest and most mag- 
nificent of their works. Their ruins alone, without other testimony, supply the means 
of estimating their extraordinary power, skill, and industry. ^ They are works which sink 
into nothingness all other remnants of antiquity, not even excluding the amphitheatres, 
which -we shall soon have to notice, because they were for the comfort, not the pastime, of 
the people. The earliest aqueduct was that of Appius Claudius, which we have above 
noticed as constructed in the 442d year of the city. It conveyed the Aqua Appia to 
Rome, from a distance of between seven and eight miles, by a deep subterraneous channel 
upwards of eleven miles in length. We shall here digress for a moment, by observing that 
upon the discovery of good water at a distance from the city at a much higher level than 
the service therein indicated, it was the practice to supply by means of a channel raised at 
any height as the case needed, through a stone-formed trough raised on the tops of arches 
as the course of it required over valleys, and otherwise became necessary from the nature of 
the face of the country, such a quantity as the source would afford. Hence the arcades 
raised to carry this simple trough of supply were often of stupendous height, and their 
length was no less surprising. In the present day, the power of steam has afforded other 
means of supplying a great city with water; but we much question whether the supply 
afforded by all the concealed pipes of this vast metropolis can compete in refreshment 
and general utility to its inhabitants with those at the present day poured into Rome, 
without becoming a burthen to the respective inhabitants, and this principally from the 
means which their predecessors provided. 

224. The aqueduct of Quintus Martius, erected 312 years before Christ, is among the 
most extraordinary of the Roman aqueducts. Commencing at a spring thirty>three 
mUes distant from Rome, it made a circuit of three miles, and then, after being conveyed 
through a vault or tunnel of 16 ft. in diameter, continued for thirty-eight miles along a 
series of arcades 70 ft. in height. It was formed with three distinct channels, one above the 
other, conveying the water from three different sources. In the upper one was the Aqua 
Julia, in the next the Aqua Tepula, and in the lowest the Aqua Martia. The Aqua 
Virginia was constructed by Agrippa, and in its course passed through a tunnel 800 paces in 
length. The Aqua Claudia, begun by Nero, and finished by Claudius, of which fig. 125. 

shows several arches, conveyed water to 
Rome from a distance of thirty-eight 
miles ; thirty miles of this length was 
subterraneous, and seven miles on arcades, 
and it still affords a supply of water to the 
city. The Anio was conveyed to Rome 
by two different channels : the first was car- 
ried over a length of forty-three miles, 
and the latter of sixty-three, whereof six 
miles and a half formed a continued series of arches, many of them upwards of 100 ft. in 
height above the ground on which they stood. At the beginning of the reign of Nerva,* 
there were nine great aqueducts at Rome. That emperor, under the superintendence of 
Julius Frontinus, constructed five others, and at a later period there were as many as 
twenty. According to Frontinus (de Aquaeductibus) the nine earlier aqueducts supplied 
14,018 quinaria daily, which are equal to 27,743,100 cubic ft. ; and it has been computed 
that when all the aqueducts were in delivery, the surprising quantity of 50,000,000 of 
cubic ft. of water was aflPorded to the inhabitants of Rome, so that, reckoning the popula- 
tion at one million, which it probably never exceeded, 50 cubic ft. of water were allowed for 
the consumption of each inhabitant. More magnificent Roman aqueducts are, however, to be 
found in the provinces than those that supplied the city. That of Metz, whereof many of 
the arcades rem^, is one of the most remarkable ; extending across the Moselle, a river 
of considerable breath where it crosses it, it conveyed the water of the Gorse to the city 
of Metz. From the reservoir in which the water was received, it was conducted through 
subterranean channels of hewn stone, so spacious that in them a man might stand upright. 
The arches appear to have been about fifty in number, and about 50 ft. in height. TTiose 
in the middle of the river have been swept away by the ice, those at the extremities re- 
m^ing entire. In a still more perfect state than that at Metz is the aqueduct of Segovia. 
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of which one hundred and fifty of the arches remain, all formed of large blocks unconnected 
by cement, in two ranks of arcades one above the other. 

225. It has been conjectured that the causes for not carrying these aqueducts in straight 
lines were first to avoid excessive height, where low grounds were crossed, and, secondly, to 
diminish the velocity of the water, so that it might not be delivered to the city in a turbid 
state. Along the line of an aqueduct, according to Montfau 9 on, at certain intervals, re- 
servoirs called Castella were formed, in which the water might deposit its silt; these were 
round towers of masonry raised of course as high as the aqueduct itself, and sometimes highly 
ornamented. The same author observes that below the general bed of the channel, pits 
were sunk for the reception and deposit of the earthy particles which the water contained. 
Vitruvius directs the channels to be covered over to protect the water from the sun’s rays, 
and (lib. viii. chap. 7.) he moreover directs that when water-pipes are passed across a 
valley, a venter should be formed, which is a subterranean reservoir wherein the water may 
be collected, and by which its expansion may be diminished, so that the hydrostatical 
pressure will not burst the joints. He also recommends that open vertical pipes should 
be raised for the escape of the air which accompanies the water, a practice which the mo- 
derns have found it necessary to adopt wherever it is necessary to bend pipes upwards, and 
thus permit the escape of air, which would impede, and even stop altogether, the movement 
of the water in them. 

226. " Theatres, — The earliest stone theatre of Rome, as we have before stated (185.), 
was that of Pompey ; but it must be recollected that as there are notices in history of this 
theatre having been more than once consumed by fire, there can be little doubt that a 
portion, probably the seats and scenes, were of wood. The second theatre of stone was 
raised by Julius C®sar, after which Augustus reared one in honour of Marcellus, the son of 
his sister. The scanty ruins of this last enable one to do little more than trace its elevation, 
and from their curve to compute its extent. There was no essential difference between the 
form of the Roman and Greek Theatre, of which latter we have given a diagram in Jig. 106. 
We nevertheless think it right here to present the reader with one of the Roman Theatre 
Jig. 126.), as nearly as it can be made out from the description of Vitruvius. (Book v. 

Chap. 6. The form of 
a theatre,” according to 
that author, “ is to be 
adjusted so, that from the 
centre of the dimension 
allotted to the base of 
the perimeter, a circle 
is to be described, in 
which are inscribed, at 
equal distances from 
each other, four equi- 
lateral triangles whose 
points must touch the 
circumference of the cir- 
cle.” — “ Of these tri- 
angles the side of that 
which is nearest the 
scene determines the 
face of it, in that part 
where it cuts the cir- 
cumference of the circle. 
A line drawn parallel 
to it through the centre 
Thus the pulpitum be- 
comes more spacious and convenient that that of the Greeks, because our actors remain 
chiefly on the scena. In the orchestra are assigned seats to the senators : the height of its 
pulpitum must not exceed 5 ft., so that the spectators in the orchestra may have a clear view 
of the motions of the actors. The portions between the staircases {cunei) of the theatre are 
to be so divided that the vertices of the triangles, that touch the circumference, may point to 
the directions of the ascents and steps between the cunei on the first pr<£cinction or story. 
Above these the steps are placed alternately and form the upper cunei in the middle of those 
below. The angles thus pointing to strircases will be seven in number, and the remaining 
five will indicate certain points on the scene. That in the centre, for instance, is the situ- 
ation for the royal door,- those on the right and left the doors of the guests, and those at the 
extremities the points at which the road diverges. The seats (gratis) for the spectators 
are not to be less than 20 in. in height nor more than 22. Their width is not to be 
more than ft. nor less than 2ft.” Besides the theatres named, that of Cornelius 
Balbus, built by him in honour of Augustus, was on a scale of considerable magnificence. 
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will separate the pulpitum of the proscenium from the orchestra. 
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227. The large theatre at Pompeii, as was frequently the case, was formed upon the slope 
of a hill, the corridor being the highest part, whence the audience descended to their seats, 
and staircases were saved. The gradus at this theatre were about 1 ft. 3 in. high, and 2 ft. 
4 in. wide, and from a part which is divided and numbered off, 1 ft. in. appear to have 
been allotted to each spectator. There still remain some of the iron rings, for the reception 
of the masts from which the velarium or awning was suspended. 

228. Amphitheatres The amphitheatre was unknown to the Greeks. At an early period, 

however, in Rome, human beings were compelled to fight for the amusement of spectators.’ 
The taste for such spectacles increased with its indulgence ; but it was nevertheless Slot 
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uucii me lime oi tne em- 
perors, that buildings were 
erected solely for exhibi- 
tion of gladiatorial shows. 
The principal amphithe- 
atres, of which remains 
still exist, are one at Alba, 
a small city of Zatium; 
another near the Tiber at 
Otricoli ; one of brick 
near the banks of the Ga- 
rigliano ; one at Puzzuoli, 
wherein parts of the ar- 

, ^ . cades and caves for wild 

beasts stul remam; one at Capua; another at Verona; a very fine one at Pola in Istria 
{fig. 127.). In France, Arles, Saintes Autun, Nisraes, and Nice possessed amphitheatres. 
Ill short, wherever the Romans went, they erected those extraordinary monuments of their 
po^er and skill. But all that we have enumerated were far surpassed by the Coliseum, 
which has been already briefly mentioned by us at page 79. The form of this building on 
the plan is an ellipse, whose transverse exterior axis is 615 ft. and its conjugate 510 ft., 
covering therefore nearly six English acres of ground. The whole mass b placed on an 
ascent of six stages, which encircle its whole cbcumference. In the centre is the arena, a 
name which it received from being strewed with sand, the transverse and conjugate axes 
whereof are 281 and 176 ft. respectively. Round the arena was a wall on which was the 
p^tum or fence ; and immediately behind this wall all round was a row of cells in which 
the beasts were placed preparatory to their entrance into the arena. In the rear of the 
cells was a corridor from which vaults radiated in directions perpendicular or nearly so 
to the curve of the ellipse, and serving to support the first mcenianum or interior range 
of seats. In some of these vaults were steps leading to the podium ; others were merely 
passages between the first corridor and the next towards the interior. The second corridor 
was lighted by apertures cut through its vault to the pnecincHo which separated the first 
and second horizontal division of the seats. In rear of the second corridor, vaults again 
radiated, in some whereof were steps leading to the second divbion of the seats, and in others 
galleries which led from the corridor to the double arcade, surrounding the whole 
edifice. The description will be better comprehended by reference to Jigs. 128. and 129., 
in the latter whereof a portion of the exterior side is removed, to exhibit the section. ' 

229. About the whole exterior of the building, there are three orders of columns' rising 
a^ve each other, and one of pilasters crowning the whole. The columns are of equal 
diameter, and are filled in between with eighty arcades in each story. The arches of these 
arcades have all archivolt mouldings round them. Four of the arcades in the lower tier 
were reserved for the admission of distinguished personages, the remainder for the populace* 
these last were called vomitoria, serving both for ingress and egress to and from the places 
of the spectators, by means of steps under the vaults that supported the seats. The piers 
which support the arches are 7 ft. 4. in. wide ; on each is a half column projecting from 
the general fece of the wall. The opening between the piers is 17 ft. 36 in. Impost 
mouldings are placed at the springing of the arches, and encircle the building except where 
interrupted by the columns and openings. The lower order resembles the Doric 
except that the frieze b without triglyphs and the cornice without mutules. Desgodetz’ 
makes the height of the columns 27-63 ft., and them lower diameter 2-91 ft. Their 
diminution b very small. The height of the entablature is 6-64 ft., and the height, 
therefore, of the whole order above the pavement is 34-27 ft. The second order is 
Ionic, and stands on a dado 6 ft. high, broken under the columns to receive their 
projection from the wall. The columns are 25-73 ft. high. The volutes of the capitals 
are mthout ornament; the eye being merely marked by a cbcle. The entablature is 
6-64 tk high, and its subdivbions are like that in the order below. There are neither 
modillions nor d^tils in the cornice. The height of the whole order is 38*37 ft. The 
third order b Corinthian, standing on a dado 6-39 ft. high. The columns are 25-58 fi. high 
the entablature 6-59 ft., and the height of the entire order, including the dado, b 38 -57 ft 
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The upper story is decorated with a series of Corinthian pilasters on subplintbs 2 -79 ft. 
high, placed on a dado of the height of 7 ft. The height of the pilasters, which are not 
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Pig. 128 riuui or countun. 

diminished, is 28 ft., and the height of their entablature is 7*37 ft. The frieze and archi- 
trave are broken vertically in each interpilaster over three corbels, on which it is supposed, 



running through the back part of the cornice, poles were placed for holding the velarium, 
which was occasionally stretched over the building to protect the spectators from the sun 
or rain. The whole height of the fa 9 ade above the steps was 162 ft. The columns project 
rather more from the walls than their semidiameter; and the faces of the walls are not in 
the same vertical plane, but recede from it towards the interior of the building. The widths 
of the piers vary in the different stories, being respectively from the lower part upwards as 
8*71, 8-38, and 7-28 ft. Between the pilasters, in the fourth order, are square windows. 
The velarium was attached to the poles round the circumference with a fall towards the 
interior, so that the rain was delivered into the arena. The following has been supposed 
as a method of spreading the velarium, of which Fontana gives a representation, but no de- 
scription. A cable being placed round the edge, and following the curve of the podium, 
strong ropes were attached to it in the direction of the radiating walls on the plan, and 
passing through pullies in the poles at the top of the building, which were 240 in number, 
resting on the corbels before mentioned, so that the whole might be raised to the required 
height. It would follow the inclination of the seats, and the cloth, of whatever fabric or 
materials it might be, being formed in gores equal on the outer edges to the distance of the 
masts from each other, might move on the radiating ropes by rings attached to the edges of 
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each gore, so as to be moved backwards and forwards by persons stationed on the parapet. 
Marine soldiers were employed for this purpc^e. The velarium was sometimes of silk, but 
more usually yellow or brown woollen cloth. Nero once had a purple velarium stretched 
across the building, representing the heavens with stars of gold on it, and a design em- 
broidered thereon of the Chariot of the Sum 

230. It has been conjectured by some Roman antiquaries that the arena was boarded ; 
and, from the changes that could be made on it in a very short period, the conjecture is 
highly probable. Domitian covered it with water for the purpose of exhibiting marine 
shows and naval fights. Sometimes it was changed into the representation of a forest ^ith 
wild beasts roaming about. These alterations were eflTected by means of machines called 
pegviata. In particular parts of the building, pipes were provided for the distribution of 
perfinnes, which it was a common practice to sprinkle in showers ; but, on particularly 
great occ^ions, the perfumes were allowed to flow down the steps or gradus of the amphi- 
theatre. 

23 1 . The conjecture relative to the boarded floor of the arena has been corroborated by 
the discoveries made while the French had possession of Rome. They excavated the arena, 
and found vaults and passages under its whole area. It is much to be regretted that these 
inquiries were not carried on, owing to an accumulation of waters, for which no drainage 
having been provided, they became unwholesome from stagnancy, and it therefore was 
necessary once more to close it again by obvious means. Great care was bestowed on the 
drainage of this edifice, which was encircled by a large sewer for the reception of the 
water of the interior drains, that were all conducted into it. Another drain, 30 inches 
wide, was carried round under the second corridor, into which are conveyed the water 
from the perpendicular conduits and that from the third corridor, whose drain is 3 fr. in 
depth and 17 inches in width. The sides of these drains are lined with tiles. Another 
drain runs on the outer side of the third corridor, and is of the same size as the last named. 
Other drains communicate with these towards the arena in various directions. 

232. Paoli thinks that amphitheatres were first used by the Etruscans, and by them 
introduced into Rome ; that the people in question first exhibited their games in narrow 
valleys, and that the spectators were ranged around on the sides of the hills j that when these 
sports were exhibited in cities, an arena was dug into the level ground, and the earth thrown 
out was formed into seats ; and that when the community became rich enough, or the games 
came to be held in greater esteem, the amphitheatre was enclosed with a wall, and the seats 
formed of wood or stone. It certainly appears to us that Paoli’s conjecture is reasonable, 
and that Etruscan buildings or formations were the original type. 

233. The amphitheatre at Nismes was capable of containing 17,000 persons : it was 400 ft. 
long and 320 ft. broad. That at Verona, upon whose age antiquaries are divided in opinion, 
some maintaining that it was built in the time of Augustus, and others as late as the time 
of Maxlmian, Maffei making somewhat of a mean between the two periods, is of an ellip- 
tical form, 508 ft. long and 403 ft. broad. It is in much better preservation than the 
Coliseum. Its exterior wall has three stories of Tuscan pilasters on the fece of the wall, 
the two upper whereof stand on podia. Between these pilasters are arcades of semi- 
circular-headed apertures. Maffei says, that allowing a foot and a half of room for each 
person, this edifice would seat 22,000 spectators. 

234. Baths. — Publius Victor says that the city of Rome contained public and private 
baths to the amazing number of 850. Some of these we know, from their ruins, were 
buildings of great extent and magnificence. They were all constructed, we mean the public 
ones, on plans very similar; and, in order to a description of them, we give in Jig. 130. a 
restored plan of the baths of Caracalla, at Rome. 'Hiose of Titus and Hioclesian may 
also be traced ; the chief others being those of Agrippa, Nero, and Domitian. The baths 
of Antoninus Caracalla are thus described by Eustace (vol. i. p. 226.): “ Repassing the 
Aventine Hill, we came to the baths of Antoninus Caracalla, that occupy part of its de- 
clivity, and a considerable portion of the plain between it, Mons Caliolus and Mons 
Caelius. No monument of ancient architecture is calculated to inspire such an exalted 
idea of Roman magnificence as the ruins of their thermse, or baths. Many remain in a 
greater or less degree of preservation ; such as those of Titus, Dioclesian, and Caracalla. 
To give the untravelled reader some notion of these prodigious piles, I will confine my 
observations to the latter, as the greatest in extent and as the best preserved ; for, though 
it be entirely stripped of its pillars, statues, and ornaments, both internal and external, yet 
ite walls still stand, and its constituent parts and principal apartments are evidently distin- 
guishable. The length of the thermae was 1840 ft., its breadth 1476.' At each end were 
two temples; one to Apollo, and another to Esculapius, as the tutelary deities (^genii tvte- 
lares') of a place sacred to the improvement of the mind and the care of the body. The 
two other temples were dedicated to the two protecting divinities of the Antonine family, 
Hercules and Bacchus. In the princip^ building were, in the first place, a grand circular 
vestibule, wth four halls on each side, for cold, tepid, warm, and steam baths : in the 
centre was an immense square for exercise, when the weather was unfavourable to it in the 
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Open air ; beyond it a great hall, where 1600 marble seats were placed for the convenience 
of the bathers ; at each end of this hall were libraries. This building terminated on both 
sides in a court surrounded with porticoes, with a spacious odeum for music, and in the 
middle a spacious basin for swimming. Round this edifice were walks shaded by rows of 
trees, particularly the plane ; and in its front extended a gymnasium for running, wrestling, 
&c. in fine weather. The whole was bounded by a vast portico, opening into exedrae, or 
spacious halls, where the poets declaimed and philosophers gave lectures to their auditors. 
This immense fabric was adorned within and without with pillars, stucco work, paintings 
and statues. The stucco and paintings, though faintly indeed, are yet in many places per- 
ceptible. Pillars have been dug up, and some still remain amidst the ruins ; while the 
Farnesian bull and the famous Hercules, found in one of these halls, announce the multi- 
plicity and beauty of the statues which adorned the thermae of Caracalla. The flues and 
reservoirs of water still remain The height of the pile was proportioned to its extent, and 
still appears very considerable, even though the ground be raised at least 1 2 fr. above its 
ancient level. It is now changed into gardens and vineyards ; its high massive wails form 
separations, and its limy ruins, spread over the surface, burn the soil and check its natural 
fertility.” 

235. Returning to the plan of the baths in question, we have now to explain that the 

circular apartment, lettered A, was called the solar cell. It was 111 ft. in diameter, and 
contained the different lahra of the baths. This solar cell, Spartianus says, could not be 
equalled by the best architects of that age. The dome was lined with brass, of which ma- 
terial also were the lattices to the windows. B, the apodyterium^ or undressing room. 
C, a xystus, or apartment for exercise in unfavourable weather. D contained the piscina, 
or large reservoir for swimming. E, vestibule for spectators and the dresses of the bathers. 
F, entrance vestibule of the therm®, having libraries on each side. G G, rooms wherein 
the*athlet® prepared for their exercises. H, a court, having a piscina for bathing in the 
centre. I, epheheum, place of exercise for the youth. K K, the elceotherium, or aparfrnent for 
anointing the bathers with oil. L L, vestibules. M, laconicum^ an apartment so called, as 
it is said.' from the name of the stove by which it was heated, and from the custom of the 
sudatiOf or sweating, having originated in Laconia. N, caldarium, or hot water bath, which 
was most frequent^ O, tepidarium, or tepid water bath. P , frigidarium^ or cold water 
bath. Q,, exedrtB for seats for the use of the philosophers and their scholars. W, rwms for 
conversation. R R, exedree, or large recesses for the use of the philosophers. Y, conitterium, 
or place where, after anointing, the wrestlers were sprinkled with dust. ^ ^ 

236, We have just given the common explanation to the word laconicum; but it is right 
the reader should know that its true meaning is in some doubt. Galiani considers it a great 
chamber wherein the people underwent sweating. To this Cameron adds, “ for myself 
hold it certmn that the apartment for this purpose has been by some authors improperly 
termed ; the laconicum is nothing more than a little cupola which covered an aperture in 
the pavement of the hot bath, through which the vivid flame of the hypocaustum, or 
furnace, passed and heated the apartment at pleasure. Without this means, continues that 
author, “ the hot bath would not have had a greater heat than the other chambers, the 
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temperature of which was milder. I haTe been induced to form this opinion, not only 
from the ancient psuntings found in the baths of Titus, but also by the authority Vitru- 
vius, who says that the hot bath (concamerata sudatio') had within it, in one of the comers, 
or rather ends, the laconicum. Now, if the laconicum was in the corner of the hot bath, 
it is clear that it is not the bath itself, but merely a part of it ; and i^ as others have thought, 
it was the hot bath itself, to what purpose served the concamerata sudatio ? ” 

237. The baths and thermse of the Romans, like the gymnasia of the Greeks, were highly 
ornamented with bassi relievi, statues, and paintings. The basins were of marble, and the 
beautiful mosaic pavements were only equalled by the decorations of the vaults and 
cupolas. Nothing more strongly proves the magnificence and luxury of the ancient 
Romans than the ruins of the baths still to be seen in Rome. Agrippa decorated his baths 
with encaustic paintings, and covered the walls of the caldarium with slabs of marble, in 
which small paintings were inserted. All these luxuries were introduced under the em- 
perors ; and the mere act of bathing, as described by Seneca in the instance of Scipio 
Africanus, appears to have been almost lost in the effeminacy of the later practice. The 
splendour of the places may be judged of by calling to the remembrance of the reader 
that the celebrated statue of the Laocoon w^ one of the decorations of the baths of Titus, 
and that of the Farnese Hercules of the baths of Caracalla. 

238. We have, in the section on Aqueducts (224.), stated the extraordinary quantity of 
water with which the city was supplied by them, and there can be no doubt that the baths 
caused a very great consumption of that n^essary article of life. After the removal of the 
empire to Constantinople, we hear of no therms being erected ; and it is probable that at 
that period many of those in the city fell into decay. The aqueducts by which they were 
supplied were, moreover, injured by the incursi<ms of invaders, another cause of the destruc- 
tion of the baths. Remains of !l^man baths have been discovered in this country, for 
descriptions whereof the reader is referred to the Archaologia. 

239. We shall conclude our observations on the Roman baths by the mention of some 
curious paintings in the baths of Titus, very similar in their features to those found in 
places on the walls of Pompeii ; we allude to representations of slender twisted columns, 
broken entablatures, and curvilinear pediments, columns standing on corbels attached to 
the walls, a prolusion of sculpture, with fantastic animal figures and foliage, and many 
other estravaganzas, which found imitators after the restoration of the arts, and, in some 
cases, with great success. 

240. Circi — The circus of the Greeks was nothing more than a plain, or race course ; 

from its length called (stadium) ; as also KipKos, from its oval figure. With the 

Romans it became a regular building of great dimensions and magnificence. The Circus 
Maximus, constructed originally in a rude manner by Romulus, and afterwards rebuilt by 
the elder Tarquin, is, in its external dimensions, computed to have been 2000 ft. long and 
550 ft. broad, consisting of two parallel walls in the direction of its length, united at one 
extremity by a set of apartments, called carceres, arranged in the form of the segment of a 
circle of about 430 ft. radius ; and, at the opposite short end, by a semicircular enclosure. 
The carceres contained the chariots ready for starting. The arena, or space thus enclosed, 
contained a long low wall called the spina, 1300 ft. in length, running along its longitudinal 
axis, and commencing at the centre of the semicircular end, having a meta, or goal, at 
each of its extremities. Like those of the theatre and amphitheatre, the seats of the spec- 
tators were placed round the arena with a podium in front ; between which and the spina 
the races of the chariots were exhibited. The circus of Nero was nearly of the same form, 
but neither so long nor so broad, being only 1400 ft. in length and 260 in breadth, and 
its spina but 800 ft. 

241. The remains of the circus of Caracalla, of which Bianconi has given a very good 
account, are still sufficiently abundant to tmce the plan {Jig. 131.). It was nearly of«the 
same dimensons as that of Nero. There are in this building come curious examples of 
lightening the spandrels of the arches over which the seats were constructed, by filling them 
in with light vessels of pottery ; a practice which has been partially adopted in some 
modern hidings, and is still usefully practised on the Continent. Generally speaking, 
the circus was a parallelogram, whose external length was from four to five times its breadth. 
It was surrounded by seats ranged above each other and bounded by an exterior wall, 
probably piereed with arcades. The spina was about two thirds the length of the building, 
and was ornamented with statues, obelisks, and other ornaments, terminated at each end by 
the meta, which consisted of three obelisks or columns. The carceres were closed by gates 
in front and rear, which were not opened till the signal was given for starting. In the 
circus of Caracalla, it will be seen that these carceres were placed obliquely to the long 
sides of the edifice, so as to equalise the length of their course from the starting point to 
the goal. So that it would seem there was as much nicety in a chariot race of old as 
in a modem horse race. 

242. Private Houses. — The domestic architecture of the Romans possesses great interest * 
the general instructions spread over the sixth book of Vitruvius upon their parts and pro- 
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portions have received much illustration firom the 
discoveries at Pompeii; and it is pleasant to find 
that, following his merely verbal directions, a build- 
ing might be planned which would correspond 
as nearly with what we now know was the casg, 
as two houses, even in a modem city, may be ex- 
pected to resemble one another. In the following 
observations we have used most abundantly the ele- 
gant little work of Mazois (Xc Palais dt Scaurusy 
2d ed. Svo. Paris, 1822), and feel a pleasure in thus 
acknowledging our obligations to that author ; but,.^ 
before more immediately using his observations on 
the later habitations of the Romans, we shall pre- 
mise that until after the war of Pyrrhus, towards the 
year 280 b.c., the use of tiles as a covering for thcBO. 
appears to have been unknown. Till then thatch or 
8hingles*fonned the covering of the houses. They 
consisted of a single story ; for, according to Pliny 
(lib. xxxiv. c. 15.) and Vitruvius (lib. ii. c. 8.), a law 
was in force forbidding walls of a greater thickness 
than one foot and a half; whence it is clear they 
could not have been safely raised higher than a 
single story with the unbaked bricks then in use. 
But thespace within which the city was confined, with 
an increasing population, rendered it necessary to pro- 
vide in height that which could not be obtained in area; 
so that, in the time of Augustus, the height of a house 
was limited to 70 ft. QAnreL Viet.: and Strabo, \ih. v.) 

243. The extraordinary fortunes that were realised 
in Rome towards the last years of the republic, when 
the refinements of the arts of Greece were introduced 
into the city, soon led its more fevoured citizens to 
indulge in architectural splendour. Lucius Cassius 
bad decorated his dwelling with columns of foreign 
marble ; but all other private edifices were thrown 
into shade by that of Scaurus, in which were em- 
ployed black marble columns of the height of 88 ft. 
Mamurra lined his apartments with marble; and, 
indeed, such was the prodigality, for it deserves that 
term, of the Romans, that Pliny (lib. xvii. c. 50.) 
tells us of Domitius Ahenobarbus having o&red a 
sum equivalent to 48,5002. sterling (sexagies sester- 
tium) for the house of Crassus, which was refused. 
Their vill^ were equally magnifii^t. Cicero had 
two of great splendour — his Formian and TuscuJan 
villas; but these were exceeded in beauty by those of 
LucuUus and Pollio, the latter near Posilippo, where 
some remains of it are still to be seen. Though 
Augu^us attempted to stop this extraordinary rage 
for magnificence, he was unsuccessful; and the ex- 
amples which were afibrded by later emperors were 
unlikely to restrain the practice where the means ex- 
isted. In the Domus Aurea of Nero, domestic archi- 
tecture app^r^ from all accounts, to have reached 
the utmost degree of splendour and magnificewre. 

244- In the better dass of Roman dwellings cer- 
tain apartments were considered indi^en^ble ; ^d 
these, in differrait degrees of size and deroration, 
were always found. T^ere were others which were 
or were not so found, according to the wealth and 
fency of the proprietor. Thus, every private house 

any pretension was so planned that one portion 
was asrigned to the reception of strangers, or rather 
for public resort, and the other for the private use 
of the fomily. The public part was destined for the 
reception of dependants or clients, who resorted to 
the house of their patron for advice and assistance. 
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mtniber of these cVi^ts w;ls honourable and useful* to the patron, as they might, in 
c^lMtters, depended on for thehr votes. Hence lawyers especially had' their houses 
th^D^I^ jwim thern^ and it is amusing in the pr^ent day to see the term of still 
up our barristers : for although his state dependence has lost nothing of 

ite extent, foe eminence of foe patron is now measured by theSquantity and amount of fees 
Iikehente «iaUe him to consume. Vitruvius describes the public portion as consisting of 
the pea^bvlum, ammiiitm or otrniA, tablinvnif a/<e, fauces^ and some few others, 

wbi^ wecfe^imt added except at the especial desire of the party for whom the building was 
tobe^reeted. * 
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245. The parts which were sacfed to the 
use of the family were the peristyle, the cu~ 
hicvJa (sleeping apartments), the tridinium, 
the act, the pinacotheca, or picture galleries, 
the hifdiotheca, or library, baths, exedrat, 
xysii, and others. 

246. In the more extended mandons of 
the Romans was an area, surrounded on two 
sides by porticoes and shops, and ornamented 
with statues, trophies, and the like, and on 
the third (the fourth being open) was the 
decorated entrance or portico of the house. 
But in smaller dwellings this entrance or 
portico was in a line with the front of the 
houses in the street ; the vestibule or pro- 
thyrum (Jig. 132. ) being in the Roman houses 
merely a passage room, which led from the 
street to the entrance of the atrium. In 
this vestibule, or rather by its side, foe os- 
tiarius or porter was stationed, as in French 
houses we find a concierge. When foere 
were two courts, we are inclined to think 
that the one nearest the street was called 
the atrium, and the farthest from it the ea- 
vadium ; but in many cases we also think 
that the atrium served equally as a cavaedium 
according to the owner’s rank. The explan-* 
ation of Varro will certainly answer for one 
as well as the other. It may be that the 
cavsdlum was a second atrium of larger 
size. 


247. Of the atrium Vitruvius describes five sorts: 1. The TWcon, wherein the pro- 
tecting roof was a sort of pent>house on the four sides, supported by beams framed at 
right angles idto each other ; the space in the centre forming the eompluxcum, aud the 
basin or area in the centre the impluvium. 2. The Utrastyh atrium (cme wifo fouir 
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columns), wiiicli was similar to the Tuscan, except that the angles of the beams of the roof 
or pent>house rested on four columns. 3. The Corinthian atrium 133.), which dif- 

fered only from the last in its size, and the number of its columns. 4. 'llie atrium dis~ 
pluviatum in which the slope of the roofs was towards the body of the building. 5. The 
atrium testudinatum, which was covered with a ceiling, and with nothing more than an 
aperture therein to afford light. The compluvium was sometimes (P/zn. xix: c. i.) 
provided with a sort of awning. The roof of the four sides of the atrium was covered 
with ornamental tiles, the eaves’ faces whereof were terminated between their sloping junc- 
tionf with carved faces called antejix<E, similar to those in the roofs of the Grecian tem- 
ples. The atrium was, moreover, frequently embellished with fountains. It was in the 
atrium that the splendid columns which we have mentioned, as decorating the house of 
Scaurus, were placed. The walls were either lined with marble or painted with various 
devices, and the pavement was decorated with mosaic work or with precious marbles. 

248. Tlie taUinumf which usually opened towards the atrium, seems to have been a sort of 
levee room, wherein the master of the mansion received his visitors or clients, lists of whom 
were therein recorded, and where the maestro di camera announced their names. Some 
have thought, and we do not say they are wrong, that this apartment contained (which it 
might also do without atfecting the truth of the first supposition) the family archives, 
statues, pictures, pedigree, and other appurtenances incident to a long line of ancestors. 

249. The apartments on the sides right and left of the tablinum were called, as their 
name signifies, ala. These were also furnished with portraits, statues, and other pieces re- 
lative to the family, not omitting inscriptions commemorative of actions worthy their name. 

250. Two corridors, one on each side of the atrium, which led to the interior of the house 
from the atrium, were called fauces (jaws). 

251. In houses of moderate dimensions, chambers were distributed round the atrium for 

the reception and lodging of strangers ; but 
in establishments of importance, wherein the 
proprietor was a person of extended con- 
nexions, there was a separate hospitium ap- 
propriated to that purpose. 

252. We have stated that the peristyle was 
a portion of the private part of the house. 
It was mostly, if not always, placed beyond 
the atrium, with which it communicated by 
means of the tablinum and fauces. Similar 
in general form and design to the atrium, 
for it was surrounded by columns (see Jig. 
134.), it was larger than that apartment. 
'ITie centre was usually provided with a par- 
terre in which shrubs and flowers were dis- 
tributed, and in its middle a fish pool. Tliis 
portion of the peristyle was called the xystus 
{Vitr. lib. vi. c. 10.). In better houses 
there was an ante-room called procceton, to 
each of the bed-chambers, of whose arrange- 
ment very little is known, llie triclinium 
(rpeiy uMvaiy three beds), or dining-room, 
was so called from its having three couches 
round the table on which the dinner was 
served ; the fourth side being left open for 
the servants (see ^g. 135.). It was raised 
two steps from the peristyle, and separated 
the garden by a large window. Winter triclinia were placed towards the west, and 
those for summer to the east. In large houses th^re were several triclinia, whose couch^ 
would contain a greater or less number of people, llie ceci were large salons or halls, 
of Greek origin, and, like the atria, were of more than one species; as for instance the 
tetrastyle, the Corinthian, and the Egyptian. “ There is this difference,” observes Vi- 
truvius (lib. V. cap. 6. ), “ between the Corinthian and Egyptian oecus. 'Hie former has 
a single order of columns, standing either on a podium or on the ground, and over it 
architraves and cornices, either of wood or plaster, and a semicircular ceiling above the 
cornice. In the Egyptian oecus, over the lower column, is an architrave, from which to 
the surrounding walls is a boarded and paved floor, so as to form a passage round it in the 
open air. Then, perpendicularly over the architrave of the lower columns, columns one 
fourth smaller are placed. Above their architraves and cornices, they are decorated with 
ceilings, and windows are placed between the upper columns. Thus they have the appear- 
ance of basiliccC rather than of Corinthian triclinia.” The tecus, called Cyzicene by the 
Greeks, was different to those of Italy. Its aspect was to the north, towards the gar- 
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SMALI. TlltCI.miUM AT POMPEII. 


dens, and had doors in the middle. It was 
made long, and broad enough to hold two 
triclinia opposite to each other. The Greek 
cecus was not, however, much used in Italy. 
The pinacotheca (picture room), where pt«- 
sihle, faced the north : both this and the bib^ 
liotkeca (library), whose aspect was east, do 
not require explanation. The exedrce of the 
Roman houses were large apartments for 
the general purposes of society. The upper 
stories of the house, the chief being on 
the ground floor, were occupied by slaves, 
freedmen, and the lower branches of the 
family. Sometimes there was a solarium 
(terrace), which was, in fine weather, much 
resorted to. 

253. Fig. 136. is a plan of the house of 
Pansa at Pompeii, by reference to which the 
reader will gain a tolerable notion of the 
situation of the different apartments whereof 
we have been speaking. A is the prothyrum, 
which was paved with mosaic. B B B B, Tuscan atrium, in whose centre is the com- 
pluvium or basin (b) for the reception of the water from the roof. One of the proportions 

assigned to the atrium by Vitruvius is, that the 
len^h shall be once and a half the breadth ; 
and here it is precisely such, c, a pedestal or 
altar of the household god. C C, als. They 
were on three sides surrounded by seats, and. from 
Sir W. Cell’s account, are analogous to similar re- 
cesses in the galleries of Turkish houses, with their 
divans : the thresholds were mosaic. Vitruvius 
directs them to be two sevenths of the length of the 
atrium; which is precisely their size here. D, ta- 
blinum. It was separated from the atrium by an 
aul«eum, or curtain, like a drop scene. Next the 
inner court was sometimes, perhaps generally, a 
window, occupying the whole side. The tablinum 
was used as a dining-room in summer. E E E E, 
peristyle, which, in this example, exactly corre- 
sponds with the proportions directed by "^truvius. 
F F F F were domestic apartments, as penaria, 
or cubicula, or celiac domesticac. G, probably 
the pinacotheca, or apartment for pictuj^. H, 
friuces, or passage of communication between the 
outer and inner divisions of the house. I, cubi- 
culum. Its use cannot be doubted, as it contains a 
bedstead, filling up the whole width of the frirther 
end of it. K, triclinium, raised two steps from the 
peristyle, and separated from the garden by a large 
window. In this room company was receivq^, 
and chairs placed for their accommodation. L L L, 
exedia?. M M M, cells &miliaris, or family cham- 
bers : the further one bad a window looking into 
a court at d. N, lararium or armarium, a recep- 
tacle for the more revered and fevourite gods. 
O, kitchen with stoves therein, and opening into a 
court at e, and an inner room P, in which were 
dwarf walls to deposit oil jars. Q, fauces con- 
ducting to the garden. Along the back front, 
R R R R, is a portico or pergula, for training 
vines and creepers on the back front of the 
bouse, before the windows of the triclinium. S S ; 
these two rooms, opening into the pergula, were, 
it is presumed, cubicula. T T, &c. : the apartments 
thus marked seem to have constituted a distinct 
portion of the house, and communicated with the 
street by a separate door. That they were in- 
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eluded in the establishment of Pansa seems certain, from their being connected with the 
peristyle by the large apartment U. On excavating here, four skeletons of females 
were found marked by their gold ear-rings ; also a candelabrum, two vases, a fine 
marble head of a faun, gold bracelets, rings with engraved stones, &c. &c. V V V are 
shops, which appear, by the remains of staircases, to have had apartments above, 'lliey 
contain dwarf walls for ranging oil jars and other goods against. W W, &c. are dif- 
ferent shops. One is of a baker, and to it the necessary conveniences are appended. X X. 
apotheca or store-rooms. Y is the bakehouse, containing the oven Z, the mills, a 
kneading trough, &c. : it is paved with volcanic stone in irregular polygons, g g, place for 
the wood and charcoal, h appears to have been almost a distinct dwelling : two of the 
apartments had windows to the street, which runs southward to the forum, f f f, entrances 
from the street to the house of Pansa. The house was surrounded by streets, or, in other 
words, was an insula. We have thus named the principal apartments, and identified them 
by an example. In more magnificent houses there were the sacrarium, the venereum, the 
sphaeristerium, the aleatorium, &c. &c. The painting 137. is in the kitchen of the 
liouse at Pansa, and represents the worship of the lares, under whose care and protection the 
provisions and cooking utensils were placed. 
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254. Tombs . — The Romans were rather given to magnificence in the tombs erected for their 
dead. Some of these were public, and others for the interment of individuals or families. 
The former were often of vast extent, and have been compared to subterranean cities ; the 
others were pyramids, conical and cylindrical towers, with ranges of vaults in them for 
sepulture. 

255. Perhaps the earliest tomb at Rome is that of the Horatii, which stands on the Ap- 
pian Way, and was probably constructed by Etruscan workmen. It has a basement 45 ft. 
square on the plan, on which stand five masses of rubble or earth, faced with masonry, 
in the form of frusta of cones, four of which are ten feet diameter at the bottom, and are 
pl^ed at the four angles of the basement. The fifth stands in the centre of the whole 
mass, and is larger than the others. 

256. The principal tombs about Rome are, 1 . The pyramid of Caius Cestius, whose sides 
are 102 ft. long, and its height about the same number of feet. The interior contains in 
the centre a rectangular cell, 20 ft. long, and IS ft. broad. At each external angle of this 
pyramid stands a Doric column, without any portion of entablature over it. It is 
possible these were intended as ornaments, though it has often puzzled us to find out how 
they ever could have been so thought. 2. 'Ibetomb of Adrian, now converted into the Castel 
St. Angelo, had originally a square basement, whose sides were 170 ft. long. From this 
substructure rose a cylindrical tower, 1 15 ft. diameter, probably at one time encircled by a 
colonnade. It is now used as a fortress, and was considerably altered by Pope Paul III. 
3. The mausoleum of Cecilia Metella Ls a circular building, 90 ft. in diameter, and 62 ft. 
high, standing on a basement of the same form. Up to the frieze the tomb is of Tra- 
vertine stone, but the frieze itself is of marble, with sculptured rams’ beads and garlands. 
In what may be called the core is a cell, 19ft. diameter, to which there is an entrance by 
a passage on the exterior. 

257. We do not, however, think it necessary further to detail the Roman tombs which 
may be found in Rome or the provinces, but, in lieu of extending our description on this 
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head, to give the reader a notion of their forms in fig. 138. by a group from Pompeii, 

. - - - i . among the remains of which 

J - - --£ - there are a great many 

sions, and stand so near one 
another as to form a street, 
called the Street of the 
.-. . Tombs. Some of thes^ are 
• decorated very highly, both 

as respects ornament in the 
■ architecture and bassi relievi 
on the different faces. The 
Romans were particular in 

f - ■ pp ^ ^ . keeping alive the memory 

..wJjjB .K. ' ^ dead, hence their 

■ ^ ^r._ j.,*- .. Ij# . tombs were constantly looked 

■ ' ■' * ■ ‘ matter which, in this country 

' , r of commerce and politics, 

a man’s descendants rarely 
'■ think of, after dividing the 

Fig. 138 TouHs Af poxput. spoil at his death. 

2.58. Character of Roman Architecture. — 'fhe character of the Roman architecture in its 
best period was necessarily very different from the Grecian, on which it was founded. We 
envy not those who say that they feel no beauties except those which the pure Grecian 
Doric of the Parthenon possesses. Each style, in every division of architecture, has its 
beauties ; and those, among other causes, arise from each style being suited to the country 
in which it was reared ; neither can we too often repeat the answer which Quatremere de 
Quincy gives in the Encydopedie Methodique to the question many years since propounded by 
the French Academy of Inscriptions and Belles Lettres, Whether the Greeks borrowed 
their architecture from the Egyptians ?” The answer of that highly talented writer is, 
“ That there is no such thing as general human architecture, because the wants of mankind 
must vary in different countries. The only one in which the different species of archi* 
tecture can approach each other is intellectual; it is that of impressions, which the qualities 
whose effects are produced by the building art can work upon the mind of every man, of 
every country, ^me of them result from every species of architecture, — an art which 
sprung, as well from the huts of Greece, as from the subterraneous excavations of Egypt, 
from the tents of Asia, and from several mixed principles to us unknown. Thus the use of 
the word architecture is improper. We ought to name the species ; for between the idea of 
architecture as a genus and as a species there is the same difference as between language 
and tongue ; and to seek for a simple origin of architecture is as absurd as a search would 
be after the primitive language. If so, the hut of Vitruvius would be but an ingenious 
fable, as some have sud ; but it would be a ridiculous falsehood if he bad pretended that it 
was the type of aU architecture.” If we must confine ourselves to the simplicity and 
purity of line which the Greek temple exhibits, — circumstances, be it observed, that no future 
occasion can ever again effectually call up, — all the admiration of the numberless monu- 
ments of the Romans is based upon false data, and we are not among those who feel inclined 
to set oui^lves up agsunst the universal consent of our race. Thus far we think it neces- 


sary to observe on the silly rage which a few years ago existed for setting up in this 
metropolis pure Greek Doric porticoes and pure Greek profiles. What could mo*re 
exhibit the poverty of an artist’s imagination, for instance, if the thing exist, than appendintr 
to a theatre the Doric portico of a temple ? But the thing is too ridiculous to dwell on, 
and we proceed to our purpose. Whether the Romans invented the Tuscan order we much 
doubt. No example of it exists similar in formation to that described by Vitruvius : it 
must, however, he admitted that it is a beautiful combination of parts, and worthy so great 
a people. It seems highly probable that this order was used by the Etruscans, and that to 
them its origin is attributable. The use of timber in the entablature, which we know was 
practised by them to a great extent, seems to sanction such an hypothesis. Its detail as 
well as that of the other orders of architecture, belong to another part of this work • we 
shall not therefore further speak of it than in the language of Sir Henry Wotton, who 
says, with his usual quaintness and simplicity, that it is a sturdy labourer in homely 
apparel. ^ 


259. The Doric order with the Romans was evidently not a favourite. In their hands 
its character was much changed. The remains of it in the theatre of Marcellus, in the 
examples at Cora and Pompeii, and the fragment at the baths of Dioclesian, are not sufficient 
the case of the first only excepted, to justify us in detaining the reader on the matter, 'fhe 
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lawet o! ^ Coliseum, be it observed, wants the ^iglyph, the distinguishing f«iture 

o£ the order ; so that although in a previous page we have described it as Doric, we 
scarcely know whether we have not erred in our description. But to approach the subject 
of the Roman Dmric more closely, we will examine the general form of example which 
the theatre of Marcellus afford Therein the whole height of the order is 31*15 ft. 
whereof the entablature is rather more than one fifth, and the columns are 7*86 diameters 
high. From the intercolumniations nothing can be deduced, because the arcade which 
separate puts them out of comparison with other examples. Its profile is clearly that 
wnich has formed the basis upon which the Doric of the Italian m'chitects is founded ; they 
have, however, generally added a base to ih There is great difference between it and the 
Grecian Doric, which in its form is much more pyramidal, and would, even in ancient 
Rome, have been out of character with the d^orations applied in the architecture of the 
city, in which all severity of form was abandoned. The details, however, o£ the Roman as 
well as of the Grecian Doric will be given, and, from the representations, better understood 
by the reader, when we come to treat of the Orders in the third book of this work, where 
some varieties of it are submitted to the reader. 

260. In the example of Roman Ionic, that of the theatre of Marcellus excepted, there is 
a much greater inferiority than in the Instance of Roman Doric to which we have just 
alluded ; indeed, that of the Temple of Concord is composed in so debased a style, that it 
ought scarcely to be alluded to. The following table exhibite the g^eral prc^rtions of 
the four Roman profiles of it : — 



Height di- 


Entabla- 


Height of 

Upper 

Dia- 

meter 

Shaft. 


Tided by 

Dia- 

ture in 

Inter- 

Capital in 


lower Dia- 

meters in 

Terms of 

colum- 

Terras of 


meter in En- 

Height. 

the Dia- 

niation. 

the Dia- 


glish Feet. 

meter. 


meter. 

Fortuna Virilis (Temple of) - 


8-796 

2-182 

2-125 

•457 

•874 

Concord (Temple of) 


9-554 

1-605 

1-807 

-500 

•825 

Marcellus (Theatre of) 

23 940 _ 

"2 600 ~ 


2-391 

- 

•557 

•842 

Coliseum - - - 

25 73J _ 

2*91 "" 

8-842 

2-280 

- - 

•466 

•833 


261. From the above it appears that, except in the case of the Temple of Concord,^ the 
entablature is about one fifth of the height of the whole order, and that the column diminishes 
about ^ of its lower diameter. The capitals of the Roman are much smaller than those 
of the Grecian Ionic, and their curves are by no means so elegant and graceful. There is 
no appearance of refinement and care in their composition, than which the rules of Vitruvius 
give an altogether much more beautiful profile than those examples we have here quoted 
present. In the Temple of Concord, the volutes are placed diagonally on the capital, so 
that the four fac^ are similar in form. In the Greek specimens, as also in the Temple of 
Fortuna Virilis, this is done on one angle only of the capital of the columns, and that for 
the purpose of again bringing the faces of the volutes on to the Banks of the building, instead 
of showing the baluster sides of the capitals. On the whole, we think the modern 
Italian architects succeeded in producing much more beautiful profiles of this order, which 
never appears to have been a favourite in Rome, than their ancient predecessors. 

262, The Corinthian seems to have been greatly preferred to the other orders by the 
luxurious Romans. There is little doubt that the capitals were generally the work of Greek 
sculptors, and some of those they have left are exceedingly beautiful; one that we 
4jave already mentioned, that of Jupiter Stator, points to sculpture of the behest cla^ 
The following table contmns the general proportions of six well-known examples in Rome : — 



Height di- 
vide by 
lower Dia- 
meter in En- 
glish Feet. 

Dia- 
meters in 
Height. 

Entabla. 
ture in 
Terms of 
the Dia- 
meter. 

Inter- 

colum- 

niation. 

Height of 
Capital in 
Terms of 
the Dia^ 
meter. 

Upper 
Dia- 
meter of 
Shaft. 

Pantheon, Portico 

Pantheon, Interior 

Jupiter Tonans 

Jupiter Stator - - 
Fa 9 ade of Nero - - 

Arch of Constantine 

47'020 

4 797 ~ 

__ 

3-642 

47-084 

4 598 — 

47:645 _ 

4 841 — 

65*5 

6-668 

28‘037 

2 902 ~* 

9-804 

9-499 

10-241 

9-820 

9-973 

9-661 

2-317 

2-251 

2-069 

2-534 

2-439 

2-388 

2-092 

1-834 

1-558 

1-575 

1-175 

1-000 

1-167 

1-08 

1-269 

1-095 

•855 

•866 

•867 

•891 

•883 

•882 


263. From the above, it appears that a mean of the whole height of the Corinthian 
order in the Roman examples is 1 2*166 diameters, and that the entablature is less than a fifth 
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of the height of the order, being as *1686 ; 1 *0000. The diminution of the shaft is not so 
much as in the Ionic, being only of the lower diameter. The Temple of the Syl^ at 
Tivoli presents quite a distinct species, and is the romance of the art, if we may be allowed 
such an expr^sion. The mean height of the columns is 9*833 diameters, being rather 
slenderer than the height recommended by Vitruvius (Lib. iv. c. 9. ). The attic base, 
which will be conadered in another portion of the work, was frequently employed by 
the Roman artists. 

264. The invention of the Composite order is attributed, with every probability, to the 
Romans. It resembles generally the Corinthian, . the main variation consisting in the part 
above the second tier of leaves in the capital. The following table exhibits the general 
proportions of three examples : — 


Example. 

Height divided 
by lower Dia- 
meter in Eogiish 
Feet. 

Diame- 
ters in 
Height. 

Entablature in 
Terms of the 
Diameter. 

Height of Ca- 
pital in Terms 
of the Dia- 
meter. 

Dia- 
meter at 
top of 
Shaft. 

Arch of Titus ' - - 

23 065 _ 

10-662 

2-533 

1-287 

-887 

Arch of Severus 

23-847 _ 

8*260 

2-316 

1*144 

•882 

Baths of Diocletian 

48-476 

4 612 “ 

10-495 

2-3 

1*181 

-802 


265. The mean of these makes the entablature a little less than one iifth of the entire 
height of the order, the ratio being as *1955 : 1*0000. The diminution of the shaft is 

of the lower diameters. The mean height of the columns is 9*806 diameters. A 
stroi^ly marked feature in Roman architecture is the stylobate or pedestal fur the 
reception of columns, which was not used by the Greeks. In the examples, it varies in 
height, but, generally speaking, it is very nearly four diameters of the column ; a mean of 
those used in the triumphal arches comes out at 3*86 diameters. Another difference from 
Greek architecture is in the form of the Roman pilaster, which was sometimes so strongly 
marked as to form a sort of square column with capitals and bases similar to those of the 
columns it accompanies, except in being square instead of circular on the plan. It is dL 
nunished in some buildings, as in the portico of the Pantheon, and in that of Mars Ultor, 
while in others, no such diminution takes place. The reader will recollect that the Greek 
aata^ were never diminished, that their projection was always very small, and that the mould- 
ings of their capitals were totally different from the columns with which they are connected. 

266. But the most wonderful change the Romans effected in architecture was by the in- 
troduction of the arch $ a change which, by various steps, led, through the basilica, to the 
construcrion of the extraordinary Gothic cathedrals of Europe, in its progress opening 
beauties in the art of which the Greeks had not the remotest conception. These matters 
^will be more entered into in the next section : we only have to observe here, that its import- 
ance was not confined to the passage of rivers by means of bridges, but that it enabled the 
Romans to supply in the greatest abundance to their cities water of a wholesome quality, 
without which no city can exist. To the introduction, moreover, of the arch, their 
triumphal edifices were indebted ftnr their principal beauties ; and without it their tiieatres 
and amphitheatres would have lost half thrir el^ance and magnificence. Whence the arch 
came is not known. In the section on Egyptian architecture, the subject has already 
beaa m^ed. We are not aware of any example ornamentally applied before the time 
oi Alexander. 

267. The nse of coupled columns and niches exhibits other varieties in which the Romans 
delighted; but tiie former are not found till an age in which the art of architecture ha<l 
begun to decline. 

268. There is still another point to which the reader’s attention must be directed, and it 
is almosta sure test of Roman or Greek design ; namely, the form of the mouldings of an 
order on thrir section. In purely Greek architecture, the contours of the mouldings are 
all formed ftom sections of the cone, whilst in that of the Romans, the contours are all 
portitms of circles. 

269. Under the climate of Rome it became necessary to raise the pitch of the roof higher 
than was necessary in Greece; hence the Roman pediment was more inclined to the 
borizcHi. As, however, we shall, in another place, when we consider the practical forma- 
tion of rooft generaTy, investigate the law which, forced by climate upon the architect, 
govoned tiie iocliimtion of the pediment, the reader, for ftirther information, is lef^red, on 
that pennt, to its proper place in this work ; namely, that wherein the subject of roofo is 
treated of 
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Sect. XIV. 

BYZANTINE ANX> ROMANESQUE ARCHITECTURE. 


270. We propose in this section to take a concise view of the state of debased Roman 
architecture, from the year 476, in which the Roman empire in the West was destroyed, to 
the introduction of the pointed arch at the latter end of the 1 2th century. It will be ne- 
cessafy to premise that the term Romanesque is very general, and comprises the works of 
the Lombards as well as those of a later species, which in this country are called Saxon and 
Norman, for the character of all is the same, and we think much confusion will be pre- 
vented by the arrangement we propose. Between the fifth and the eighth centuries, at 
the beginning of which latter period the whole of Europe formed one great Gothic kingdom, 
the prospect is over a dreary desert in which the oases of our art are few and far between. 
The constant change of power, the division of the empire, which was so overgrown that it 
could no longer hang together, the irruptions of the Goths, whose name has been most 
improperly connected with all that is barbarous in art, make it no easy task to give the un- 
learned reader more than a faint idea of what occurred in the extended period through 
which, often in darkness, we must proceed to feel our way. But, previous to this, we shSl 
continue the state of the architecture in the East; because, having already given some account 
of Saracenic architecture, which had its origin about the seventh century, we shall not 
again have to divert his attention from the subject until the reader is introduced to the 
pointed style : an arrangement which, we trust, will assist his memory in this history. 

27 1 . The emperor Theodosius, who died a. d. 395, exhibited great talent in arms, and 
was desirous to extend the benefit of his influence to the arts, in which he did much for 
the empire. His sons, Arcadius in the city of Constantinople, and Honorius at Rome, 
were incapable of doing them any service, though by them was raised the famous Theodosian 
column at the first named city, which was surrounded with bassi relievi, after the fashion 
of that erected long before in honour of Trajan at Rome. The ascent of Theodosius II. 
to the throne promised as well for the empire as for the arts. He called architecture to 
his aid for embellishing the cities of the empire. Under him, in 4 1 3, Constantinople was sur- 
rounded with a new wall ; some extensive baths, and a magnificent palace for the two sisters 
of Pulcheria were erected. In 447, an earthquake nearly destroyed the city, which was so 
admirably restored under this emperor that he might with propriety have been called its 
second founder. Except some trifling matters under Anastasius IL, and Justin his successor, 
little was done till Justinian, the nephew of the last named, ascended the throne of the East, in 
527. By him the celebrated architect Anthemius was invited to Constantinople. Through 
the genius of this artist, aided by his colleague Isidore the Milesian, on the ruins of the 
principal church of the city, which, dedicated to Saint Sophia or the Eternal Wisdom, had 
been twice destroyed by fire, was raised so splendid an edifice, that Justinian is said on its 
completion to have exclaimed, as Gibbon observes, “with devout vanity : '* “ Glory be to God, 
who hath thought me worthy to accomplish so great a work. I have vanquished thee, O 
Solomon.” We shall make no apology for giving the description in the words of the 
historian we have just quoted; a representation of the building being appended in Jigs. 
139. and 140. “ But the pride of the Roman Solomon, before twenty years had elapsed, was 

humbled by an earthquake, which overthrew the 



Fij;. 139. FtAif or church or st. rorniA. 


eastern part of the dome. Its splendour was restored 
by the perseverance of the same prince ; and in the 
thirty-sixth year of his reign, Justinian celebrated 
the second dedication of a temple, which remains, 
after twelve centuries, a stately monument of his 
fame. The architecture of St. I^phia, which is now 
converted into the principal mosque, has been imi- 
tated by the Turkish sultans, and that venerable 
pile continues to excite the fond admiration of the 
Greeks, and the more rational curiosity of European 
travellers. The eye of the spectator is disappointed 
by an irregular prospect of h^f domes and shelving 
roofs : the western front, the principal approach, is 
destitute of simplicity and magnificence ; and the 
scale of dimensions has been much surpassed by 
several of the Latin cathedrals. But the architect 
who first erected an aerial cupola is entitled to the 
pr^e of bold design and skilful execution. The 
dome of St. Sophia, illuminated by four and twenty 
windows, is formed with so small a curve, that the 


depth is equal to only one sixth of its diameter ; the measure of that diameter is 1 15 ft.. 
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ami the lofty centre, where a crescent has supplanted the cross, rises to the perpendicular 
heij^ht of 180 ft. alx)ve the pavement. The circle which encompasses the dome lightly 
reposes on four strong arches, and their weight is firmly supported by four massy piles ” 
(piers), “whose strength is assisted on the northern and southern sides by four columns of 
Egyptian granite. A Greek cross inscribed in a quadrangle represents the form of the 
edifice ; the exact breadth is 243 ft., and 269 may be assign^ for the extreme length from 
the sanctuary in the east, to the nine western doors which open into the vestibule, and from 
thence into the nartkex or exterior portico. That portico was the humble station of the 
penitents. The nave or body of the church was filled by the congregation of the faithful ; 
but the two sexes were prudently distinguished, and the upper and lower galleries were 
allotted for the more private devotion of the women. Beyond the northern and southern 
piles” (piers), “a balustrade, terminated on either side by the thrones of the emperor and 
the patriarch, divided the nave from the choir ; and the space, as far as the steps of the 
altar, was occupied by the clergy and singers. The altar itself, a name which insensibly 
became familiar to Christian ears, was placed in the eastern recess, artificially built in the 
form of a demi-cylinder, and this sanctuary communicated by several doors with the 
sacristy, the vestry, the baptistery, and the contiguous buildings, subservient either to the 
pomp ojf worship or the private use of the ecclesiastical ministers.” We should be fearful 
of thus continuing the quotation, but that we prefer the language of Gibbon to our own ; 
beyond which, the practical knowledge the rest of the description discloses is not unworthy 
the scientific architect, and the subject is the type of the great modern cathedrals, that of 
St Paul, in London, among the rest. “ The memory,” he continues, “ of past calamitie^n- 
spired Justinian with a wise resolution, that no wood, except for the doors, should be admitted 
into the new edifice ; and the choice of the materials was applied to the strength, the light- 
ness, or the splendour of the respective parts. The solid piles ” (piers) “ which sustained 
the cupola were compiled of huge blocks of freestone, hewn into squares and triangles, 
fortified by circles of iron, and firmly cemented by the infusion of lead and quicklime *, 
but the weight of the cupola was diminished by the levity of its substance, which consists 
either of pumice-stone that floats in the water, or of bricks from the Isle of Rhodes, five 
times less ponderous than the ordinary sort. The whole frame of the edifice was con- 
structed of brick ; but those base materials were concealed by a crust of marble ; and the 
inside of St. Sophia, the cupola, the two larger and the six smaller semi-domes, the walls 
the hundred columns, and the pavement, delight even the eyes of barbarians with a rich 
and variegated picture.” Various presents of marbles and mosaics, amongst which latter 
were seen representations of Christ, the Virgin, and saints, added to the magnificence of the 
edifice, and the precious metals in their purity imparted ^lendour to the scene. Before 
the building was four feet out of the ground its cost had amounted to a sum equivalent to 
200,000/. sterling, and the total cost of it when finished may, at the lowest computation be 
reckoned asexce^ing one million. In Constantinople alone, the emperor dedicated twenty- 
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^▼e churches to Christ, the Virgin, and ^vounte saints. These were highly decorated, and 
imposing situations were found for them. That of the Holy Apostles at Constantinople, 
and St. John at Ephesus, appear to have had the church of St. Sophia for their typ^ ; 
but in them the altar was placed under the centre of the dome, at the junction of four 
porticoes, expressing the figure of the cross. “ The pious munificence of the emperor was 
diffused over the Holy Land ; and if reason,** says Gibbon, “ should condemn the monas> 
teries of both sexes, which were built or restor^ by Justinimi, yet charity must applaud 
the wells which he sank, and the hospitals which he founded, for the relief of the weary 
pilgaims.** ** Almost every saint in the calendar acquired the honour of a temple; almost 
every city of the empire obtained the solid advantages of bridges, hospitals, and aqueducts ; 
but the severe liberality of the monarch disdained to indulge his subjects in the popular 
luxury of baths and theatres.” He restored the Byzantine palace; but selfishness, as re- 
spected his own comfort, could not be laid to his charge : witness the c<»tly palace be erected 
for the in&mous Theodora, and the munificent gifts, equal to 180,000/. sterling, which 
he bestowed upon Antioch for its restoration after an earthquake. His care was not 
limited to the peaceful enjoyment of life by the empire over which he presided; for the forti- 
fications of Europe and Asia were multiplied by Justinian from Belgrade to the Euxine, 
from the conflux of the Save to the mouth of the Danube ; a chain of above fourscore forti- 
fied places was extended along the banks of the great river, and many military stations ap- 
peared to extend beyond the Danube, the pride of the Roman name. We might consider- 
ably extend the ca^ogue of the extraordinary works of Justinian; but our object is a 
general view, not a history of the works of this extraordinary person, of whom, applying the 
verses architecturally, it might truly be said — 

Si Pergama dextra 
Defeodi possent : etiazn hac defensa fuissect ; — 

and by whom, if architecture could again have been restored, such a consummation would 
have been accomplished. 

272. In 565 Justin succeeded to the throne of the East, after whose reign nothing oc- 
curs to prevent our proceeding to the Western part of the empire, except the notice neces- 
sary to be taken of I.eo the Isaurian, who ordered the statues in the diflTerent churches to 
be broken in pieces, and the paintings which decorated them to be destroyed. Under him 
Ravenna was lost to the Eastern empire, and under his predecessors Mahomet appeared ; 
and in his successors originated the ^racenic architecture described in a previous section. 
It was under Justin, in 571, that the prophet, as be b called, was born, and was in 632 
succeeded by Abubekr. 

273. We now return to the empire in the West, whose ruin, in 476, drew after it that of 
the arts, which had grievously degenerated since the fourth century, at which period their 
decadence was strongly mark^ But we must digress a little by supplying a chasm in the 
history of our art relative to the ancient basilicas of Rome, the undoubted types of the 
comparatively modern cathedrals of Europe ; and within the city of Rome we shall find 
ample materials for tracing the origin whereof we speak. 

274. The severe laws against the C*}rbtians which Severus had passed expired with*his 
authority, and the persecuted race, between a. d. 21 1 and 249, enjoyed a calm, during which 
they had been permitted to erect and consecrate convenient edifices for the purposes of re- 
ligious worship, and to purchase lands even at Rome for the use of the community. Under 
Dioclesian, however, in many places the churches were demolished, though in some situations 
they were only shut up. lliis emperor, as if desirous of committing to other bands the 
work of persecution he bad planned by hb edicts, no sooner publbbed them, thw he divested 
himselfi by abdication, of the imperial purple. 

*275. Under Constantine, in the beginning of the fourth century, the Chrbtians began 
agsun to breathe ; and though that emperor*s religion, even to the period of his death, b in- 
volved in some doubt, it b certain that hb opinion, as far as we can judge from his acts, 
was much inclined towards Christianity. Out of the seven principal churches, or basilica, 
of Rome, namely, Sta. Croce di Gierusalemme, S. Giovanni Laterano, S. Lorenzo fiiori le 
Mur^ S. Paolo, S. Pietro, S. Sebastiano, and Sta. Maria Maggiore, all but the last were 
founded by Constantine himself. The ancient basilica, •which derived its name from 
^curiAevr (a king), and oucos (a house), was that part of the palace wherein justice was 
administered to the people. The building for this purpose retained its name long after 
the extinction of the kingly office, and was in use with the Romans as well as the Grecians. 
Vitruvius does not, however, give us any specific difference between those erected by one 
or the other of those people. In lib. v. c. 1. he gives us the details of its form and ar- 
rangement, for which the reader is referred to his work. The name of basilica was after- 
wards transferred to the first buildings for Chrbtbn worship ; not because, as some have 
supposed, the first Christian emperors used the ancient basilica for the celebration of their 
rebg^us rites, but more probably with reference to the idea of sovereignty which the reli- 
gion exercised, though we do not assert that such conclusion b to be necessarily drawn. 
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There can be no doubt that the most ancient Christian basiliese were expressly eanstruet^ 
fiw the purpose of religion, and their architectural details clearly point to the epoch m 
which they were erected. These new temples of religion borrowed, nevertheless, as w^_ in 
their whole as in their details, so much from the ancient basilicas, that it is not surprising 
they should have retained thm name. We here place before the reader (^. I41.)aplanof 



Fig. 142. 


crrsRioR vr basiuca of st. pal’L. 


its general effect may be better understood. The latter shows how admirably it was adapted 
to the reception of an extremely numerous congregation. The numberless columns which 
the ancient buildings readily supplied were put in requisition for constructing these baalicse, 
whereof, adopting the biuldings ^ the same name as the type, they proportioned the eleya> 
tion to ^e extent of the plans, and, in some cases, decorated them with the richest ornaments. 
Tnstead of always connecting the columns together by architraves on their summit, which might 
not be at hand, arches were spanned from one to the other, on which walls were carried up 
to bear the rooBng. Though the practice of vaulting large areas did not appear rill a con- 
siderable time after the building of the first Christian basilicse, it must be recollected that 
the Temple of Peace at Ronw had previously exhibited a specimen of the profound know- 
ledge of the Romans in the practice of vaulting : in that example, groined vaults of very 
large dimenrions were borne on entablatures and columns. Nor does this knowledge appear 
to have been lost in almost the last stage of decline of Roman architecture under the emperor 
Dlociesian. In the baths of this emperor are to be seen not only groined vaults in riiree 
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divisions, whose span is nearly 70ft.» but at the back of each springer a buttress, precisely 
of the nature of a flying buttre^ is contrived to counteract the thrusts of the vaulting. 

276. In recor^g the annihilaticm of the arts on the invasion of Odoacer, at the end of 
the fifth and during the course of the sixth century, historians have imputed it to the 
Gothic nations, qu^^fying by this name the barbarous style which then degraded the pro- 
ductions of the arts. Correct they are as to the epoch of their ruin, which coincided truly 
enough with the empire of the Goths ; but to this nation they are unjust in attributing the 
introduction of a barbarous style. 

279. History informs us, that as soon as the princes of the Goths and Ostrogoths had fixed 
themselves in Italy, they displayed the greatest anxiety to make the arts ag^ flourish, and 
but for a number of adverse circumstances they would have succeeded. Indeed, the people 
whom the Romans designated as barbarous, were inhabitants of the countries to the north 
and east of Italy, who actually acquired that dominion and power which the others lost. 
Instructed at first by their defeats, they ultimately acquired the arts of those who originally 
conquered them. Thus the Gauls, the Germans, the Pannonians, and Illyrians, had, from 
their submisrion to the Roman people, acquired quite as great a love for the arts as the 
Romans themselves. For instance, at Nismes, the birthplace of Antoninus Pius, the arts 
were in a state of high cultivation ; in short, there were schools as good out of as in Italy 
itself. 

278. Odoacer, son of Edicon, the chief of a Gothic tribe, after obtaining possession of 
Rome in 476, preserved Italy from invasion for six years ; and there is little doubt that one 
of his objects was the preservation of the arts. He was, however, stabbed by the band, or 
at least the command, of his rival and successor, Theodoric, in 493. Theodoric, the son 
of Tbeodemir, had been educated at Constantinople, and though personally he neglected 
the cultivation of science and art, he was very &r from insensible to the advantages they 
conferred on a country. From the Alps to the extremity of Calabria, the right of conquest 
had placed Theodoric on the throne. As respects what he did for the arts, no better record 
of his fame could exist than the volume of public Epistles composed by Cassiodorus, in the 
royal name. ** The reputation of Theodoric,” says Gibbon, may repose with confidence on 
the visible peace and prosperity of a reign of thirty-three years ; the unanimous esteem of his 
own times, and the memory of his wisdom and courage, his justice and humanity, which was 
deeply impressed on the minds of the Goths and Italians.” The residence of Theodoric was 
at j^venna chiefly, occasionally at Verona ; but in the seventh year of bis reign he visited the 
capital of the Old World, where, during a residence of six months, he proved that one at 
least of the Gothic kings was anxious to preserve the monuments of the nations he had 
subdued. Royal edicts were framed to prevent the abuses, neglect, or depredations of the 
citizens upon works of art ; and an architect, the annual sum of two hundred pounds of 
gold, twenty-flve thousand tiles, and the receipt of customs from the l^ucrine port, were 
assigned for the ordinary repairs of the public buildings. Similar care was bestowed on 
the works of sculpture. Besides the capitals, Pavia, Spoleto, Naples, and the rest of the 
Italian cities, acquired under bis reign the useful or splendid decorations of churches, 
aqueducts, baths, porticoes, and palaces. His architects were Aloysius for Rome, and 
Daniel for Ravenna, his instructions to whom manifest bis care for the art ; and under him 
Cassiodorus, for fifty-seven years minister of the Ostrogoth kings, was for a long period 
the tutelary genius of the arts. The death of Theodoric occurred in 526 ; his mausoleum 
is still in existence at Ravenna, being now called Sta. Maria della Rotunda. That city 
contains also the church of St. Apollinaris, which shows that at this period very little, ^ 
miy, change bad been made in the arrangement of large churches on the plan of the basilica. 
The front of the convent of the Franciscan friars in the same town, which is reputed to be 
thc^entrance to the palace, bears considerable resemblance to the Porta Aurea of Dioclesian, 
at Spalatro. These buildings are all in a heavy debased Roman style, and we are quite at 
a loss to understand the passage quoted by Tiraboschi, from Cassiodorus, who therein gives 
a particular description of the very great lightness and elegance of columns ; thus — ** Quid 
dicamus columnanun jimceam proceritatem ? Moles illas sublimi^imas frbricarum quasi 
quibusdam erectis hastilibus contineri et substantuc qualitate concavis canalibus excavatas, 
ut magis ipsas aestimes fuissc transfusas ; alias ceris judices Return, quod metallis durissimis 
videas expoUtum.” (Eib. vii. Var, 15.) We know no examples of the period that bear 
out these assertions of Cassiodorus; on the contrary, what is known of thb period indicates 
a totally different style. 

279. If the successors of Theodoric had succeeded to his talents as well as his throne, 
and if they bad been assist^ by ministers like Cassiodorus, the arts and letters of Italy 
might have recovered ; but, after the retirement of that minist», from the succession of 
Vitiges, towards 5S8, the arts were completely extinct. In 543—7, Rome was taken and 
pluxSered by Totila; and afterwards, in 553, this ill-fated city was again united to the 
Bastera empire by the talents of Belisarius and Narses. 

280. From the year 568 up to the conquest of Italy by Charlen^oe, in 774, the country 
was overrun by Bombards, a people who quickly attained a high degree of civilization. 
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of the church of St Michael, at Pavia, a work executed under the Lombards, and, therefore; 
here inserted as an example of style. The anxiety, however, of the Lombards to preserve the 
arts was not sufficient to prevent their increasing decay, which daily became more apparent 
Not more than the Goths do they deserve the reproach for their treatment of and indiffer- 
ence to them. Besides fortifications and citadels for defence, they built palaces baths and 
temples not only at Paris the seat of their empire, but at Turin, Milas Sfwleto, and 
Benevents Hospitals under them began to be founded. The Queen Ther^elinds in 
pa^cular, signalised her pious zeal in founding one at Monzs near Milas her ffivourite 
residence, and endowing it in a most liberal manner. 

281. In the eighth century the influence of the popes on the fine arts began to be felt 
.John yi. and Gregory III., at the commencement of the eighth century, showed great soli- 
citude in their behalf. During this age the popes gained great temporal advantages and 
their revenues enabled them to treat those advantages so as to do great good for Italy. In 
the ninth century Adrian I. signalised himself in this passion to such an extent, fljat Ni- 
cholas V. placed on his monument the in- 
scription, — 

Restitult mores, mcenia, templa, Domos. 

His works were many and admirable. Among 
those of great use, he constructed porticoes 
firom the city to San Paolo and S. Lorenzo 
luori le Mura. 

282. Before we advance to the age of 
Charlemagne, it will be necessary to notice 
the church of St. Vitaliy at Ravenna, which 
we have reserved for this place on account of 
the singularity of its construction. It was 
erected, as is usually believed, under the reign 
of Justinian, in the sixth century. See figt. 
144. and 145. The exterior walls are formed 
in a regular octagon, wiuKe diameter is 128 ft. 
Within this octagon is another ccmcentric one, 
54 ft. in diameter, from the ei^t piers whereof 
(55 ft. in h^ht) a hemispherical vault is 
gathered over, and ov» this is a timber comcal 
roof. ^ Hie peculiarity exhibited in the con- 
struction of the cupola is, that the spandrels are 
tilled in with earthen vases ; and that round Ae 
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exterior of its base semicircular headed windows are introduced, each of which is subdivided 
into two apertures of similar forms. Between every two piers hemicylindrical recesses are 
formed, each covered by a semidome, whose vertex is 48 ft. from the pavement, and each 
of them contains two windows subdivided into three spaces by two columns of the Corin- 
thian order, supporting semicircular-headed arches. Between the piers and the external 
walls are two corridors, which surround the whole building, in two stones, one above the 
other, each covered by hemicylindrical vaulting. The upper corridor above the vault 
is covered with a sloping or leanto roof. We have before noticed the introduction of vases 
in the spandrels at the Circus of Caracalla ; and we cannot help being struck with the 
similarity of construction in the instance above cited. It fully bears out the observation of 
Mdller {Denhmahkr der DetUschen Baukuns{)y “ that, though beauty of proportion seems to 
have been unappreciated in these ages, and architecture was confined within a servile imi- 
tation of the earlier forms, the art of compounding cement, the proper selection of build- 
ing materials, and an intimate acquaintance with the principles of solid construction with 
which the ancients were so conversant, were folly understood.” 

283. The sera of Charlemagne, which opened after the middle of the eighth century and 
continued into the early part of the ninth, gave rise to many grand edifices dedicated to 
Christianity. This extraordinary man, rising to extensive dominion, did much towards re- 
storing the arts and civilisation. “ Meanwhile, in the south-east,” says an intelligent 
anonymous writer, “ the decrepid Grecian empire, itself maintaining but a sickly existence, 
had nevertheless continued so far to stretch a protecting wing over them [the arts] that 
they never had there equally approached extinction. It seems probable that Charlemagne 
drew thence the architect and artisans who were capable of designing and building such a 
church as the cathedral of Aix-Ia-Chapelle, in Germany.” ** If Charlemagne,” says Gibbon, 
“ had fixed in Italy the seat of the Western empire, his genius would have aspired to re- 
store, rather than violate, the works of the Caesars ; but as policy confined the French 
monarch to the forests of Germany, his taste could be gratified only by destruction, and 
the new palace and church of Aix-la-Chapelle were decorated with the marbles of Ravenna 
and Rome.” The fact is, that the Byzantine or Romanesque style continued, with various 
degrees of beauty, over the Continent, and in this country, till it was superseded by the in- 
troduction of the pointed style. Mdller, from whom we extract 146. which represents 
the portico of the Convent of Lorsch, situate about two and a half German miles from 
Darmstadt, considers it as all that remans of the first church built in the time of Charle- 
magne. The same learned author observes, that, on comparison with each other of the 
ancient churches of Germany, two leading differences are discoverable in their styles, of 
which all others are grades or combinations- The^rsf, or earliest, whose origin is from the 
South, is, though in its later period much degenerated, of a highly finished character, 
distinguished by forms and decorations resembling those of Roman buildings, by flat roofs, 
by hemicylindrical vaults, and by great solidity of construction. The second and later style 
still preserves the semicircular forms ; but the high pitched roof, more adapted to the seasons 



U4 


HISTORY OF ARCHITECTURE. 


Book I. 



14^< POItTKO 01- lUHsLil. 


of a northern climate, begins to be substituted for the flat roof of the South, as at the ca- 
thedral of Worms on the west side, the western tower of the church at Gelnhausen, and in 
many other examples. 

284. We are now approaching a period in which more light can be thrown on our sub- 
ject than on that we have just quitted. In the ninth century, on, as it is said, the designs of a 
Greek artist, rose the cathedral of St. Mark at Venice, the largest of the Italian churches in 
the Byzantine style. Its plan is that of a Greek cross, whose arms are vaulted hemicy- 
lindrically, and, meeting in the centre of the building, terminate in four semicircular arches 
on the four sides of a square, about 42 ft. in length in each direction. From the anterior 
angles of the piers, pendentives gather over, as in St. Sophia, at Constantinople, and form a 
circle wherefrom rises a cylindrical wall or drum in which windows for lighting the interior 
are introduced. From ftils drum, the principal dome, which is hemispherical, springs. 
Longitudinally and transversely the church is separated by ranks of columns supporting 
semicircular arches. The aisles of the nave and choir, and those of the transepts, intersect 
each other in four places about the centre of the cross, over which intersections are small 
domes ; so that on the roof are four smaller and one larger dome. In the exterior front 
towards the Piazza San Marco, the facade consists of two stories, in the centre of the lower 
one whereof is a large semicircularly arched entrance, on each side of which are two other 
smaller arched entrance of the same form. These have all plain archivolts springing from 
the upper of two orders of columns. On each flank of the fa9ade is a smaller open arcade 
springing at each extremity from an upper of two orders of insulated columns. A gallery 
with a balustrade extends round the exterior of the church, in front whereof, in the centre, 
are the four famous bronze horses which once belonged to the arch of Nero. The second 
story towards the Piazza San Marco consists of a central semicircular aperture, with two 
blank semicircular arches on each side, not quite so high and wide. These five divisions 
are all crowned by canopy pediments of curves of contrary flexures, and ornamented with 
foliage. Between each two arches and at the angles a turret is introduced consisting of 
three stories of columns, and terminated by a pinnacle. The building has been considerably 
altered since its first construction ; and, indeed, the ornaments last named point to a later 
age than the rest of the edifice, the general character of which has, nevertheless, been pre- 
served. There is considerable similarity of plan between this church and that of St. 
Sophia. 

285. Very much partaking the character of composition of St. Mark, but dissimilar in 
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general plan, is the church of St. Anthony at Padua, which has six domes over the nave, 
transepts, centre, and choir. It is, moreover, distinguished by two slender towers or minarets, 
which impart to it the air of a Saracenic edifice. 

286. The Italian architecture in the Byzantine or Romanesque style preserved a very 
different sort of character from that of the same date in Germany and other parts of Europe. 
Thus, — taking the cathedrals of Pisa and Worms, whose respective periods of construction 
are very close together, — the former is separated into its nave and aisles by columns with 
Corinthian capitals, reminding one very much of the early Christian basilica ; in the latter, 
the aeparation of the nave from the aisles is by square piers. The cathedral at Pisa, with 
its baptistery, campanile, and the campo santo or cemetery, are a group of buildings of more 
curiosity than any four edifices in the world, and the more so from being so strongly 
marked with the distinguishing features of the Byzantine and Romanesque styles. The 
cathedral (Jig, 147.), whose architect was Buschetto of Dulichio, a Greek, was built in the 
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beginning in the 11th cen> 
tury. It consists of a nave, 
with two aisles on each side 
of it, transepts, and choir. Its 
bases, capitals, cornices, and 
other parts were fragments of 
antiquity collected from dif- 
ferent places, and here with 
great skill brought together 
by Buschetto. The plan of 
the church is a Latin cross ; its 
length from the interior face of 
the wall to the back of the 
recess is 31 1 ft., the width of 
the nave and four side aisles 
106 ft. 6 in., the length of the 
transept 237 ft. 4 in., and its 
width, with its side aisles, 
58 ft. The centre nave is 
41 ft. wide, and has twenty- 
four Corinthian columns, 
twelve on each side, all of 
marble, 24 ft. 10 in. high, and 
full 2 ft. 3 in. in diameter. 
From the capitals of these 


^x>lumns arches spring, and over them is another order of columns, smaller and more nu- 
merous, from the circumstance of one being inserted over the centre of an intercolumniation 


below, and from their accompanying two openings under arches nearly equal to the width 
of such intercolumniations. Ihese form an upper gallery, or triforiumy anciently appropriated 
to the use of females. The four aisles have also isolated columns of the Corinthian order. 


but smaller, and raised on high plinths, in order to make them range with the others. The 
transepts have each a nave and two side aisles, with isolated columns, the same size as those of 
the other. The soffit of the great nave and of the transepts is of wood, gilt, but the smaller 
ones are groined. The height of the great nave is 91 ft., that of the transepts about 84 ft., 
and that of the aisles, 35 ft. In the centre nave are four piers, on which rest four large 
arches, supporting an elliptical cupola. The church is lighted by windows above the second 
order of the interior. The edifice is surrounded by steps. The extreme width of the 
we*&tern front, measured above the plinth moulding, is 116ft., and the height from the pave- 
ment to the apex of the roof is 112 ft. 3 in. The ta 9 ade has five stories, the first whereof 
consists of seven arches, supported by six Corinthian columns and two pilasters, the middle 
arch being larger than the others : the second has twenty-one arches, supported by twenty 
columns and two pilasters ; the third is singular, from the fa 9 ade contracting where the 
two aisles finish, and forming two lateral inclined planes, whence in the middle are columns 
with arches on them as below. The columns which are in the two inclined planes gradually 
diminish in height : the fifth story is the same, and forms a trianpilar pediment, the columns 
and arches as they approach the angles becoming more diminutive. The two exterior sides 
have two orders of pilasters, one over the other. The roof of the nave is supported, externally , 
by a wall decorated with columns, and arches resting on their capitals. The whole of the 
building is covered with lead. The drum of the cupola is externally ornamented with 
eighty-eight columns connected by arches, over which are pediments in marble, forming a 
species of crowns. The principal point of difference in these cathedrals from the old 
basilic£e, in imitation whereof they were doubtless built, is in the addition of the transepts, 
by which a cruciform plan was given to these edifices. The style of the building in 
question is much lighter than most of the buildings of the period. But, whatever the taste 
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and style, the architect of it was a very skilful mechanic. One of his epitaphs, at Pisa, we 
subjoin, in proof of what we have stated. 

Quod vix mille bourn possent juga juucta movere, 

Et quod vix potuit per mare ferre ratis, 

Buschetti nisu, quod erat inirabile visu, 

Dena puellarum turba levavit onus. 


287. In Germany, the 10th and 1 1th centuries afford some edifices very important in the 
history of the art. Such are the cathedrals of Spire, Worms, Mayence, and others, still in 
existence to testify their extraordinary solidity and magnificence. In that country, as Moller 
remarks, there was a great disparity between its several provinces, as respected their d^rees 
of civilisation. On the banks of the Rhine, and in the south, cities were established when 
those parts became subject to the Romans, and there the arts of peace and the Christian 
religion took root, and flourished ; whilst, in the north and east, paganism was still in existence. 
Christianity, indeed, and civilisation gradually and generally extended from the southern 
and western parts. The clergy, we know from history, themselves directed the building of 
churches and convents. The buildings, therefore, of these parts are of great importance in 
the history of architecture. The leading forms of these churches, as well as of those that 
were built about the same period in France and England, are founded upon the ancient 
basilicse ; that is, they were long parallelograms with side aisles, and transepts which represent 
the arms of the cross, over whose intersection with the nave there is frequently a louvre. 
The choir and chancel terminate semicircularly on the plan. The semicircle prevails in 
the vaultings and over openings. The nave is lofty, frequently covered with groined vaulting, 
sometimes with flat timber covering ; the gables are of small inclination. In the upper 
parts small short columns are frequently introduced. The prevailing feature in the ex- 
terior is horizontally, by which it is distinguished from the style which came into use in the 
13th century. The profiles of the mouldings are, almost without exception, of Roman 
origin ; the impost mouldings under the arches are, in this respect, peculiarly striking ; and 
among the parts the Attic base constantly appears. The Roman basilica were always 
covered with fiat horizontal ceilings ; those of the churches we are speaking of are mostly 
vaulted. Hence the necessity of substituting pillars or piers for the insulated columns, 
which had only to carry wooden roofs. There are, however, a few churches remaining, 
which preserve the ancient type, as a church at Ratisbon, and the conventual churches of 
Paulinzell and Schwarzach. Fig. 148. shows the plan, and Jiy. 149. a sketch of one bay in a 
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longitudinal section of the north side of the nave of the cathedral 
at Wor^, which was commenced in the year 996, and conse- 
crated in 1016. It is one of the most ancient of the German 
churches, and one of the most instructive. On our examination 
of It, recently, we were astonished at its state of preservation. 
The plan, it will be seen, is strongly distinguished by the cross ■ 
the square pie.s are alternately decorated with half columns ; and 
the chancel, at the east end, terminates with a semicircle. The 
western end of the church, which is octagonal, appears more 
modern than the rest, inasmuch as the pomted arch appears in it. 
Fig. 150. is the general appearance of the building. 

288. Parts of the cathedral at Mentz are more ancient than 
any part of that at Worms ; hence it may be studied with advan- 
tage, as containing a view of the styles of several centuries. The 
south-eastern gate of the cathedral is given by Moller in his 
work (Plate VI.). 

289. Whittington, a highly talented author, of whom the world 
was deprived at a very early age {Historical Surrey of the Eccle- 
siastical Antiquities of France, 4to. Lond. 1809), observes, that 
the buildings in France of the 9th and 10th centuries were imi- 
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tated from the works of Charle- 
magne ; but that his feeble suc- 
cessors, deficient both in ’ riches 
and power, were unable to equal 
them in magnitude or beauty of 
materials. During a large por- 
tion of the 9th century the 
country was a scene of conster- 
nation and bloodshed. The 
most celebrated, and almost the 
only foundation of'consequence 
which took place during this 
dreary period, was the abbey of 
Clugny. It was built, about 
910, by Berno, abbot of Balme, 
with the assistance of William, 
Duke of Aquitaine and Au- 
vergne. But there is little 
doubt that the present church 
was built in the following cen- 
tury. During the llth century, 
the French, relieved from their 
disordered state, hastened to re- 
build and repair their ecclesias- 
tical structures, and their various 
cities and provinces vied with each other in displays of enthusiastic devotion. Hobert the 
Kous, by his example, encouraged the zeal of his clergy and people ; and the science of 
architecture revived with majesty and effect from its fallen state. Morard, the abbot of 
St. Germain des P*r&, was enabled by this monarch to rebuild the church of hfa con- 
vent on a larger scale. St. Genevieve was also restored, and a cloister added to it, by 
hb order. He, moreover, made preparations for erecting a cathedral at Paris in a style 
.of as great magnificence as the times would allow. At Orleans, the place of his na- 
tivity, he buUt the churches of Notre Dame de bonnes nouvelles, St. Peter, and St Aignan, 
which last was consecrated in 1029. But our space does not allow an enumeration of all 
the works,undertaken during his reign. About this time, the cathedral of Chartres was 
rebuilt by Fulbeit, its bishop, whose great reputation, in France and the rest of Europe, 
enabled him to execute it in a manner till then, unknown in his coimtry. Canute, the 
kmg of England, ^d Richard, Duke of Normandy, were among the princes who assisted 
him with contributions. His successor, Thierri or Theodoric, completed tbe building. The 
northern part was afterwards erected in 1060, at the expense of Jean Cormier, a native of 
Chartres, and physician to the king. The length of the church is 420 ft., its height 106 ft., 
and the nave 48 ft. wide. The transepts extend 210 ft. The abbey church of Clugny, 
which succeeded that above mentioned, is one of the largest and most interesting of the ec- 
clesiastical monuments of France, and was begim in the commencement of the llth century, 
by the abbot Odilo, and finished by his successor Hugh, in 1069. The ceremony of its 
dedication did not, however, take place till many years after. The style of architecture in 
France, in the llth, was the same as in the preceding centuries ; but the churches were 
larger and more solidly constructed. The oldest buildings of France now existing, with 
some exceptions, are traceable to this sera ; such are the venerable frtbrics of St. Gmmain 
des Pres, St. Bcm^e at Dijon, those of Chartres, La Charite sur Loire, Clugny, and 
rtlb«s ; all remaining to illustrate the history of the arts of this period. But, as we have ' 
said b^nre, and to the student the observation cannot be too often repeated, the style which 
prevmled vras no more than a debased and feeble attempt to imitate the ancient architecture 
ef Bmne. and its best examples are not, in style even, equal to those of the art in its 
lowest state under the reign of Dioclesian ; indeed the investigation is only important as 
being one of the means by which we can arrive at a just conclusion on the ^te of civilisa- 
tion at different periods. Mona fabrics loquuntur is an expression of Cassiodorus, so true, 
tl^ to prove it would indeed be lighting the sun with a candle ; and we must not trifle 
with the patimiee of the reader. 

290. Tbe Saxon churches of England, to which and its more modem architecture our 
succeeding chapter will be entirely devoted, were very inferior in every respect to the 
Norman churches of France ; and these latter differed materially from those in the neigh- 
bourhood of Paris, and frirther to the smith. The Norman churches were larger in some 
exam^es; but they were more rede in design and execution. The abbey church of 
SL ^ephaq raised at Caen by William the Conqueror, and that founded by his Queen 
in same city in honour of the Holy Trinity, are the chief examples of the 
PSstdiar namer rf building introduced by the Norman prelates into England at the end 
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of tbe 11th eenturjr; after which, as we shall presently see, a new and extraordinary style 
made its qipearanee in Europe, a style whereof fig. 151. will, on inspection, sufiSeiently 
gire a genrad noticm to the reader. 


Kg. I5t. KtHTn TO Twn.rTR cnm/RT. Arm twklftr crkturt. 

^91. Before leaving the subject of this section, we must fall back again upon Italy 
to notice two or three works intimately connected with this period of ^e art. We 
here more particularly allude to the celebrated baptistry and campanile of Pisa, a city 
which seems to have been a great nursing mother to our art, no less than to those of 
pamting and sculpture. The Campo Santo of that city, of which, from the number of 
examples to be noticed, we regret we shall be unable to give but a short account, belong 
to the next period, and must be noticed after them. 

29d. IMoti Salvi, whose birthplace even is unknown, commenced, in 1 152, the baptistery 
of Fisa {fig, 152.), and after eight years completed it. It is close to the cathedral of the 

place, and though on the wall of 
the inner gallery there be an in- 
scription, cut in the character of the 
middle ages, “ a.n. 1278, JsnincATA 
ruiT DK NOVO,** and it may be con- 
sistent with truth that tbe edi- 
fice was ornamented by John of 
Pisa, there is nothing to invalidate 
tbe belief that tbe building stands 
on tbe foundations originally set 
out, and that for its princip^ fea- 
tures it is indebted to ftie architect 
whose name we have mentioned. 
It is 100 ft. in diameter ^ftiin the 
walls, which are 8 ft. 6 in. thick. 
The covering is a double brick 
dome, tbe inner one conical, the 
outer bexnisphericaL The former 
is a frustum of a pyramid of 
twelve sides. Its upp^ extremity 
forms a horizontal polygon, finish^ 
with a small parabolic cupola, 
showing twelve small marble ribs 
on the exterior. The outer vault 
terminates above, at tbe base of 
the small cupola, which stands like 
a' lantern over the aperture. From 
the pavement, the of the 

cupola is 102 ft. The entrance is 
by a decorated doorway, from the 
sill which tbe genm^ pavement 
151. nArturRAY or h»a. jg Sunk three steps round the build- 

ing ; the^ space between tbe steps and the wall bavmg been provided for tbe accommodation 
of ftie poscms asesnlded to view tbe ce^^oony of baptism. An aisle or corridor is 
rimied round itsintorior cinnim&rence, being formed by eight gramte columns and four piers, 
from which are turned semicircular arches, which support an upper gallery ; and above 
toe arches are twelve piers, bearing the semicircular arches which support the pyramidal 
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<k>ine. On the exterior are two orders of Corinthian columns engaged in the wall, which 
support semicircular arches. In the upper order the ^lumns are more numerous, inas* 
mu^ as each arch below bears two columns above it. Over every two arches of the upper 
order is a sharp pediment, separated by a pinnacle irom the adjoining ones ; and above the 
pediments a horizontal cornice encircles tl^ building. Above the second story a division 
in the compartments occurs, which embrace three of the lower arches ; the separation 
being effected by piers triangular on the plan, crowned by pinnacles. Between these piers, 
semicircular headed small windows are Introduced, over each of which is a small circular 
wibdow, and thereover' sharp pediments. Above these the convex surface of the dome 
springs up, and is divided by twelve ribs, truncated below the vertex, and ornamented wiUi 
crockets. Between these ribs are a species of dormer windows, one between every two ribs, 
ornamented with columns, and surmounted each by three small pointed pediments. The 
total height is about 179 ft. The cupola is covert with lead and tiles; the rest of riie 
edifice is marble. 

293. The extraordinary campanile, or bell tower, near the cathedral at Pisa, was built 
about 1174. It is celebrated from the circumstance of its overfaangii^ upwards of thirteen 
feet, a peculiarity observable in many other Italian towers, but in none to so great an extent 
as in this. There can be no doubt whatever that the defect has arisen from bad foundation, 
and that the frilure exhibited itself long befiare the building was completed ; because, on 
one ride, at a certain hei^t, the columns are higher than on the other ; thus showing an en- 
deavour on the part of the builders to bring back the upper part of the tower to as vertical 
a direction as was practicable, and recover the situation of the centre of gravity. The 
tower is cylindrical, 50 ft. in diameter, and 180 ft. high. It consists of eight ^ries of 
columns, in each of which they bear semicircular arches, forming open galleries round the 
story. The roof is fiat, and the upper story contains some bells. The last of the group of 
buildings in Pisa is the Campo Santo, which, from its style and date (1278), is only men- 
tioned here out of its place in order to leave this interesting spot without necessity for further 
recurrence to it. It is the public burying.place of the city, and, whether from the remains on 
Its walls of the earliest examples of Giotto, and Cimabue, the beauty of its proportions, or 
the sculpture that remains about, is unparalleled in interest to the artist. It is a quadrangle, 
403 ft. in length, 1 17 ft. in width, and is surrounded by a corridor 32 ft. in breadth. T^is 
corridor is roofed, forming a sort of cloister with semicircular-headed windows, which were 

first simple apertures extending down to the pavement, but they have been subsequently 
Prided into smaller apertures by columns, which, from the springing of the arches, branch 
out into tracery of elegant design. The interior part of the quacbangle is open to the sky. 
Some of the arches above mentioned were completed as late as the year 1464. 


Sect. XV. 

POINTED AKCHITECTURE. 

294. About the end ot the 12tb and the beginning of the IStb century, a most singular 
and important change took place in the architecture of Europe. The flat southern roof^ 
says Mdller, was supei^ded by the high pitched northern covering of the ^^lesiastical 
edifices, and its introduction brought with it the use of the pointed arch, which was sub- 
stituted for the semicircular one ; a necessary consequence^ for the roof and vaults being 
^us raised, the character of the whole could not be preserved without changing the whole 
arrangement of the combinations of forms. But we have great doubts on Mbller*s hypo-* 
thesb ; it will, indeed, be hereafter seen we have a different belief on the ori^n of the pointed 
arch. Before we at all enter upon the edifices of the period, we think it will be b^ter to 
put the r^der in possession of the different hypotheses in which various writem have in- 
dulged, relative to the introduction or invention of the pointed arch ; and though we attach 
very little importance to the discovery, if it could now be clearly established, we are, as our 
work would be incomplete without the notice, compelled to submit them for the reader’s 
consideration. 

295. 1. Some have derived thU style from the holy groves of the early Celts. — But we can 
see no ground for this hypothesis, for it was only in the 14th and 15th centuries that ribs 
between the groins (which have been compared to the small branches of trees) were intro- 
duced ; hence it is rather difficult to trace the similarity which its supporters contend for. 

296. 2. That the style originated from huts made with twigs and hranehet of trees intertwined. 
— An hypothesis fancifully conceived and exhibited to the world by Sr James Hall, in 
some very interesting plates attached to his work. Moller properly observes upon this 
theory of twigs, that it is only in the buildings of the 15th and 16th centuries that the 
supposed imitation of twigs appears. 

1 4 
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5J97. S. Ft&m the Jramed eonstruetion of timber huildings. This is an hypothesis which 
it would he loss of time to examine, inasmuch as all the forms and details undoubtedly arise 
&CHB the v&ult and arch ; and a close examination of the buildings of the 1 3th century 
proves that the ancient ecclesiastical style involves the scientific construction of stone 
vaulting, aR timber construction being limited to the framing of the roof. 

298% 4. From the imitation of the aspiring lines of the pyramids of Egypt. — This hypo- 
thesis ifi the fancy of Murphy, the ingenious and useful editor of a work on the convent of 
Batalha, in Portugal, and also of some of the finest edifices of the Moors in l^ain. The fol- 
lowing is the reasoning of the author : — The pyramids of the Egyptians are tombs ; fee 
dead are buried in churches, and on their towers pyramidal forms are placed \ consequently, 
the pyramids of the towers indicate that there are graves in the churches ; und as the pyra- 
midal form constitutes the essence of the pointed arch style, and the pyramids of the towers 
are imitations of the Egyptian pyramids, the pointed arch is derived from the latter. The 
reader, we are sure, will not require from us any examination of the series of syllogisms 
here enumerated. 

299. 5. From the interseciion of semidrcidar arches which occitrs in late instances of the Ro- 
manesque style. — This was the hypothesis of the late Dr. Milner, a Catholic bishop of great 
learning and most amiable bearing, and a person so intimately acquainted with the subject 
on which be wrote, that we regret his reasons for the conjecture are not satisfactory to 
os, albeit the combination {fig. 153.) whereof he speaks is, in the Romanesque style, of 

frequent occurrence. The venerable prelate seems 
to have lost sight of a principle familiar to every 
artist — that in all art the details ^ a style are 
subordinate to and dependent on the masses, and 
that the converse never occurs ; how, then, could 
the leading features of a style so universal have 
had their origin in an accidental and uhessential 
decoration, like that of the theory in question ? 
None of the above hypotheses are satisfactory ; 
and MoUer well observes, that the solution of the question, whether the pointed style be- 
longs to one nation exclusively, is attended with great difficulties. And it may be said 
that the problem for solution is not, who invented the pointed arch, but, in what way its 
prevalence in the 13th century is to be accounted for, ^ 

300. We arc not of opinion that it is of much importance that this vexata quastio should be 
settled ; and that it will now satisfactorily be done, we consider very much out of the limits 
of probability. But we suppose that the reader will be inclined to ask for our own bias on 
the subject ; and, as we are bound to answer such a question, the reply is, that we are of the 
frith of the Rev. Mr, Whittington, to whose work we have before referred, that the pointed 
arch was of Eastern extraction, and that it was imported by the first crusaders into the 
West. “ All eastern buildings,” says that ingenious writer, “ as far back as they go (and 
we cannot tell how far)» have pointed arches, and are in the same style ; is it not fair to 
sii|^>ose that some of these are older than the 12th century, or that the same style existed 

that time? Is it at all probable that the dark ages of the West should have given a 
mo& of architecture to the East?” Lord Aberdeen, whose taste and learning in matters of 
this future well qualified him the posthumous introduction to the public of the author 
we are usang, obwrves, in his pi^d^bce to Whittington's work, that, if we could discover in 
miy one ecmirtry a gradual alteration of this style [the Romanesque], beginning with 
the fr>rm the arch, and iffogressively extending to the whole of the oriAnnents and general 
design ; — after which, if we could trace the new fashion slowly making its way, and by de- 
grees ^opted by the other nations of Europe ; — the supposition of Mr. Walpole [that i^ 
arose from what*was conceived to be an improvement in the corrupt specimens of Roman 
taste then exhibited, and was afterwards gradually carried to perfection] would be greatly 
confirmed. Nothing, however, of this is the case. We find the Gothic [pointed] style, 
DotwitlutmidiDg the richne^ and variety it afterwards assumed, appearing at once with all 
its distinctive marks and features, not among one people, but, very nearly at the same period 
of time, received and practised throughout Christendom. How will it be possible to account 
for this general and contemporary adoption of the style, but by a supposition that the taste 
and knowledge of all on this subject were drawn from a common source? and where can we 
look for this source but to the which, tiuring the crusades, attracted a portion of the 
peculation, and, in a gieat d^ree, occupied the attentiem, of the different states of Europe ?” 
T^w^ aai of Sir Christopher Wren, at least greatly so, his leaning being rather 

to deducing the origin of the style from the Moors in Spain. It is the fiisbfon of modern 
hsRf-educa^ crit|e& to place little reliance on such authorities as Wren. We have, from ex- 
periiaic^ learoed t^v^erate ftiem. The noble author whom we have been quoting proceeds 
by stating that “Rie result receives confirmation from the circumstance of there being no 
specimen of Gothic [pointed] architecture erected in the West before the period in ques- 
ticHi.” Exception, however, is to be made for the rare occurrence of a very few examjde^ 
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whose construction may perhaps be placed higher than tiie 12th century, and the cause of whose 
existence may be satidactorily explained. " It may be sufficient here to observe, that no 
people versed in the science of architecture could long remmn ignorant of the pointed form 
of the arch, the most simple and easy in constnmtion, as it might be raised wi^out a centre 
by the gradual projection of stones placed in horizontal courses ; and, whether '^^^uced by 
accident or necessity, we may reasonably expect to meet with it occasionally in their works.’* 
It is certain that, though neglected in their general practice, the ancients were s^uainted 
with this mode of building * and the occurrence of an arch merely pointed and unaccom- 
panind with any other characteristic of the style, is no better evidence of the prevalence of 
Gothic (pointed) architecture, than that the appearance of Corinthian capita in Romanesque 
buildings must give them the right to be called classical edifices. It is not easy to answer 
the question, — In what part of the East are we able to point to buildings constructed in 
the pointed style, of a date anterior to those erected in the West ? A little reflection, 
however, will solve the difficulty ; and here we must again trespass on the author we have 
so copiously used, though our limits will not allow us to follow him in his own words. It 
is manifest that the frequent wars and revolutions of the East entailed the same fate on 
works of art and utility as attended the princes and chie& of the states subverted. Hius 
the number of architectural examples, and especially those of early date, was greatly di- 
minbhed. Again, the people of the East with whom we are best acquainted, in a great 
measure sacrificed their less durable mode of building to that which they found established 
by the Greeks. Thus, the church of Santa Sophia was a model, after the conquest of Con- 
stantinople, for all the mosques that were erected, with the addition occasionally of minarets 
more or less bifty, as the piety and magnificence of the sultans might dictate. Previously 
to the conquest of the metropolis of the East, such a practice was prevalent, and in the 
cities of the empire many Christian edifices were adapted to the purposes of Mohammedan 
worship. Yet, notwithstanding these causes, which form an impet&nent to full information 
on the state of the early architecture of the East, there is an abundance of fficts to give 
probability to our notion, qxcept in the eyes of those who view the subject through the 
medium of prejudice and established system ; at least so we opine. 

301. If a line,*’ says our author, “be ^awn from the north of the Euxine, through 
Constantinople to Egypt, we shall discover in every country to the eastward of this boun- 
dary frequent examples of the pointed arch, accompanied with the slender proportions of 

t thic [pointed] architecture ; in Asia Minor, Syria, Arabia,. Persia ; from the neigh- 
irhood of the Caspian, through the wilds of Tartary ; in the various kingdoms, and 
throughout the whole extent of India, and even to the furthest limits of China. It is true 
that we are unable, for the most part, to ascertain the precise date of these buildings ; but 
this in reality is not very important, it being sufficient to state the fact of their comparative 
antiquity, which, jeined to the vast diffusion of the style, appears adequate to justify our 
conclusion. Seeing, then, the universal prevalence of this mode in the East, which is satis- 
factorily accounted for by the extensive revolutions and conquests effected by Eastern 
warriors in that part of the world, it can scarcely appear requisite to ^scuss the probability 
of its having been introduced from the West, or, stUl less, further to refute the notions gif 
those who refer the origin of the style [as some have very ignorantly done] to the ^ . 
venti<m of English artists. Had it been adopted from the practice of the West, sucll^a 
peculiarity of taste and knowledge must have been impartpfl by some general communL 
cation : this has only occurred at one period, during whk& no building of the species ir 
question existed in Europe. The inhabitants of the West could not convey a knowledge 
which they did not ]^s$ess ; but, as it became pretty general fUQpngst them shortly afrer 
the epoch alluded to, it is reasonable to infer that they acquired ft from those nations they 
ar^ said to have instructed. On the whole, it is probable that the origin of the Gothic 
style, imtwiriistanffing the occasional imitation of a corrupt and degraded species of Homan 
architecture, is sufficiently indicated by the lofty and slender proportions, by the minute 
p^ts, and the frntastic ornaments of Oriental taste.** - 

302. Mdller, a writer for whose opinions we entertain the highest respect, is not, 
however, of opinion that the pointed arch originated with the Arabs ; and he observes that 
a scrutiny of their buildings will exhibit nothing that bears upon the Gothic, cd^jpointed, 
style. He says that their arch^ are in the shape of a horseshoe ; that the columns are 
low, that they stand single, and are not connected in groups ; that the wimiows are aaaall, 
the roofs fiat, and that the prevalent general forms are horizontal : tha^ in the ancl^t 
churches of the 13th century, the arches are pointed, the pillars high and composed of several 
column^ windows lar^, and roofe and gables high. Hut at the end of his argument he admits 
that the solution of the question, “ which of the European nations first introduced or im- 
proved the pointed style is not so easy, for we find this style of building almost coii- 
teoaporary in all parts of Europe.” Now, though we are not about tp use the argument 
which is not always valid, petst hoc ergo propter hoCf we must observe, that the mtroduetion of 
the pointed arch immediately after the first Crusade, and not befor^is a most singular 
occurrence ; and we are inclined to give it the same force as Uuft used by old Bishop 
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TA^yni»r tbo sul^ect of the Goodwin Stands and Tenterd^ steeple. One ci the points of 
Moller*8 reasoning we do not thinjg at sU fortunate ; it is that on the forms c£ the Moresque 
ardies. ^ow, it tnujct ijnTnpfiiatiAl y occuT to the reader tiiat one of the forms {as at 

O the side), and that a common one^ is to be found in their arches^ that of ccmtrary 
flexure ; a form in the architecture of this country in the time the Tudors uni* 
Tersally adopted, though, it must be allowed, much flattened in the application. Ano> 
tiher point seems to have been altogether pverlooked by MoUct, namely, the practme oi 
diaperinff the wall^ whereof an instance occurs in Westminster Abbey; and one which has a 
very strong affinity to the practice of the Moois, who left no space imomamented. Jlie 
higher-pitched gables oi the northern roofs, we admit, foster^ the discovery, by the in- 
troduction of forms from necessity, which were admirably calculated to carry out to their 
extreme limits the principles of wMch the Crusaders had acquired some notion for practice 
on their return to their respective countries. As to the objection that the Arabs had no 
orig inal architecture, it is admitted. They must, however, have had that of the tent, 
whose form inverted would give all that is sought. These observations we do not throw 
out, however, as partisans ; because, as we have before said, the satisfactory settlement the 
origin involves nothing more than a silly antiquarian controversy, of importance to no on^ 
and, if decided, gratifying only to little minds ; and we ought, perhaps, to apologise, und«r 
such circumstances, to the reader, for having so long delayed his entry to the acq u a int a nc e 
with its examples. We cannot, however, proceed to that part of our duty without ob- 
serving that the hypothesis adopted by us is smietioned, in addition to the intelligmit author 
upon whom we have drawn so much, by Warburtou, and T. Warton, and Sir Christopher 
Wren ; and though none of these had the opportunity of basing their opinions upon the 
labours of the recent travellers whom we have been able to use, we do not think, upon this 
mooted question, either of them would be reduced to the necessity of retracting what be 
'*has respectively written. The reader who is inclined to read the lucubrarions 
Mr. Kerrich of Cambridge, which deduce the forms of churches, arches, and perhaps 
many other objects, from the bladder of a flsh (vesica piscis), may consult the Archsol<^ia; 
in which, as respects that subject, much money was uselessly and ridiculously expended in 
text and plates, to Uluminate the world on a subject whereof the writer was most pro- 
foundly ignorant. In the Appendix, page 825., will be found a short inquiry into this 
singular infatuation of a quasi sect, and it is hoped that the examination of the various 
vested piscium, will have ^me tendency to put to rest one of the most singular tbeoriet. 
ever propound^. Where the object of speculation is to eliminate truth, much allowaiflla 
may be made for the vagaries of an enthusiast ; but when possible principles are altogether 
abandoned, one is not inclined to be over merciftil to an offender. 

303. The golden age of pointed architecture was from the middle of the IStb to tl^ 
latter end of ^e 14th century, and one of the first churches in which it appeared, so as to 
allow it to be quoted as a fair specimen of the style, is that of Gelnhausen, in Swabia, an 
edifice which, it may safely be said, rose in the beginning of the 13th century. On the 
plan it is a Latin cross, terminating in three sides of an octagon at the eastern end, where 
it is flanked by two octagonal towers with plain buttresses at the angles. There is a 
similarity in the long narrow windows at the eastern extremity to those of the churches of 
Cow^antinople ; but they are sharply pointed like the end a lancet, and, from the rir- 
cumstance, are universally doiqminated lancet-headed windows. Over these windows are 
ornamental semicircular recesses; and agmn above these is a tier of small columns attached 
to tiie trail whidi support ardies of tre/bil formation. In the wall between title columns 
windows are introduced inscribed in circles, and above the arcade each foce of the 
octagon is pierced with a small window of two apertures, both ending in trefoil heads. 
Each ride is crowned by a rectilinear gable, under wh<»e sloping sides occurs the ndnde 
or wvry ornament, beanng some resemblance to small arcades, with their imposts rounded. 
Hie octagon is crowned generally by a lofty pyramidal roo^ without ornament. The 
two towers on the flanks are divided horizontally, by means of rectmigular panels, into five 
horizontal part^ each of riiem at the upper part being decorated with small semicircular 
corbeLformed ornaments. The frees are crowned by small pediments, and the tower is 
terminated by a plain pyramidal spire. The centr^ tower of the edifice is octagonal <m 
the plan, amtaining two tiers of windows ; whereof those in the lower tier have some 
douJri^ others triple, apertures, formed by muIUons, over which are trefoU heads ; whilst those 
in the upper tier have double apertures with pointed heads. The central opening <ff the 
three-light windows in the lower tihr rises above those on the sides ; but they are enclosed 
under cme Kmicircular arch. This tower is also crowned with a rimple pyramidal spire. 

304. The beautiful church at Oppenheim, dedicated to St. Cathexine, is, like that 
j|ust described, a T-«rin cross on its plan, and consists of a nave and transepts. Its chancel 
is five rides an octagon. As in many of the churches iff Germany, it has a secemd 
ehancri for the canons at the western extremity, terminating in riu'ee rides of an 
octagem. The entrances ara on the north and south rides of the transepts. From a 
MS. chraricle of the cfrurrii, quoted by Mbller, it is ascertained that the nave and 
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east^n efaaiieel were b^un in 1262, and filushed in 1317. The western chancel was not 
consecrated till 1439. Die total length of the church, including the two chancels, is 
268 ft. ; whereof the western chamsel, whose breadth is 46 ft., occupies 92 ft. Die nave is 
102 ft. in length, and its breadth 86, that breadth comprising the two side busies which are 
separated from the nave by clustered columns. The transept is 102 ft. long, and 31 ft. 
broad. In the side aisl^ lure small ch^[>els. In the western front, at the extremity of the 
nave, are two towers, standing on square bases, each of four stories, and crowned by an 
octagonal ^ire. In their three upper stories are round-headed windows, which, where 
-dq^ble^ are separated by pilasters. The windows of the ables occupy the whole space 
between the buttresses, are without muUions, and have pointed arches. The buttresses, 
whose ftuses are ornamented with panels, are without pinnacles. The upper windows are 
surmounted by rectilinear pediments, with crockets and slender pinnacles between them. 
The doorway of the south transept is with a pointed arch, having one lancet-beaded 
window {dK>ve. The transept terminates in a g^le, within which seven small pediments 
are placed. Buttresses are placed at the angles of the transepts terminating in pinnacles. 
Buttresses without pinnacles flank the angles of the hemi-octagon at the east end, whose 
sides are pierced with lancet-headed apertures. In the western fa 9 ade is an elegant rose 
window <k twenty small leaves in groups of five. Over the intersection of the transepts 
with the nave stands an octagonal tower, in each face of which is a pointed window. 
The centre is covered with a small cupola. On a visit to this beautiful church about four 
years since, we were pleased to find it under repair, and likely to be preserved. 

305. The two churches of Germany whose fame makes it necessary to notice them here 
are those of Strasburg and Cologne. The first was begun in 1 277, by Erwin de Steinbach, 
and was carried on under various architects till 1439, since which nothing has been done 
towards its completion. Among the example of pointed architecture, this is the most 
stupendous. Ibere is a similarity of style between it and the cathedrals of Paris and 
Rheims, except that the ornaments are more minute. The plan is a J<atin cross, whose 
eastern end terminates interiorly in a semicircle, but on the exterior in a straight line. The 
length of the church is 324 ft., that of the transept 150ft.: the height of the vault of the 
nave is 98 ft. Die nave has one aisle on each side of it. The western & 9 ade is in three 
vertical divisions separated by buttresses. In the central one is the principal portal, and 
thereover, we believe, the largest rose window in Europe. The portal just mentioned, as 
well as that on each side, has a rectilinear pediment highly decorated. The sides and sofites 
of the portals are filled with canopies and statues. The two stories of windows above the 
ground are pointed; those in the first story having slender bar divisions in front of them, 
and those above being subdivided into three parts by a species of thin buttresses. On the 
north side o( the fa^de, being the north-west angle of the edifice, rises the spire, whose 
height has been so variously represented, that some authors have made it 100 ft. higher than 
others : we believe the correct height to be 466 ft., being greater than that of any church 
in Europe. To a certidn height the tower is square and solid, being formed by one of 
the vertical divisions of the western ^ 9 ade. Above the solid par^ the tower rises to a 
certain bright octangularly, open on all sides, and flanked by four sets of open spiral stair- 
cases, which are continued to the line whence the principal tower rises conically in seven 
stories or steps, crowned at the summit with a species of lantern. In the interior of 
this church, near one of the large piers of the transept, is a statue of the architect Erwin, 
in the attitude of leaning over the balustrades of the upper corridor, and looking at the 
opporite piers. John Hiiltz of Cologne succeeded Erwin as architect of the fiibric : he 
continued the tower which we have just described, and which was only finished in 1449. 

306. We propose to close our view of the pointed architecture of Germany with some 
short account of that which, had it been completed, would have been the most magnificent 
smd exquiritely ornamented ecclesiastical edifice the world ever saw, we mean the cathedral 
at Cologne, whose plan (Jiff. 154.) exhibits a symmetry not surpassed by the buildings 
anrient Greece and Rome. A church had been erected on the present site of this 
cath^ral in the time of Charlemagne. This was destroyed by fire in 1248, at which time 
Conrad filled the archi^iscopal throne of the city. Before fire had destroyed the former 
cathedral, this prriate had resolved on the erection of a new church, so that in the year 
following the destruction of the old edifice, measures had been so for taken, that the first 
stoiK of the new fiibric was laid with great solemnity on the 14th of August, being the 
eve of the Assumption of the Blessed Virgin. CoUections were made throughout Europe 
fat carrying on the works, and the wealth of Cologne itself seems to have favoured the 
hope that its fiiunder had expressed of their continuation. The misfortunes of the times 
soon, however, be^ to banish the flattering expectation, that the works would be continued 
to the completimi the building. Gerard, who was the architect of the works m 1257, 
vaSmd the grief of seeing the archbishops of Cologne dissipate their treasures in un- 
profitable wars, and ultimately abandoning the rity altogether for a residence at Bonn. 
The works do not, however, appear to have been interrupted, though they proceeded but 
slowly. On the 27th lipteraber, in the year 1322, seventy-four years after the first 
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stone Jhad been laid^ the choir was consectatecL The works were not long continued with 
aetivity, for about 1370, the zeal of the &ithful was very much damped by finding that 
g^at abuses bad crept into the disposal of the funds. The nave and southern tower 
continued rising, though slowly. Under Thierry de Moers in 1437, the latter had been 
raised to the third story, and the bells were moved to it. In the beginning of the Ifitii 
century, the nave was brought up to the height of the capitals of the aisles, and the 
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vaulting of the north aisle was commenced ; the northern tower was carried on to the 
corresponding height ; and every thing seemed to indicate a steady prosecution of the 
work, though the age was fast approaching in which the style was to be forgotten. The 
windows in the north aisle were decorated, though not in strict accordance with the style, 
yet with some of the finest specimens of painted glass that Europe can boast, a work 
executed under the patronage of the archbishop Hermann of Hesse, of the chapter, of the 
city, and of many noble families who are, by their armorial bearings, recorded in these 
windows. But with this the progress stopped. The works which remain are at once a 
monument of the genius which conceived such an edifice, and of the civil discords that 
prevented its completion. Fig. 155. exhibits the south elevation of the cathedral, in which 
the darker lines show the parts actually executed, and the lighter ones those which 
remain, alas ! still to be developed in matter. If the reader reflect on the dimensions of 
this church, whose length is upwards of 500 ft., and width with the aisles 280 ft. ; the length 
of whose transepts was 290 ft. and more ; that the roofs are more than 200 ft. high, and the 
towers when finished would have been more than 500 ft. on bases 1 00 ft. wide ; he may 
easily imagine, that, notwithstanding all the industry and activity of a very large number 
of workmen, the works of a structure planned on so gigantic a scale, could not proceed 
otherwise than slowly, especially as the stone is all wrought. The stone of which it is 
built is from two places on the Rhine, Koenigswinter and Unckel- Bruch, opposite the 
Seven Mountains, from both of which the transport was facilitated by the water carriage 
afforded by the Rhine. The foundations of the southern tower are known to be laid, at 
least, 44 ft. below the surface. 

307. The states of Europe ought to contribute towards the completion of this stu- 
pendous work, which the aid, liberal as it is, of the King of Prussia, does little more than 
keep in repair ; though at this moment there is a complete staff of architect, clerks of 
works, masons, &c., constantly employed on the fabric. We subjoin a table of the receipts 
and expenditure upon it in the ten years from 1824 to 1833 inclusive, by which it will be 
seen how alive, among the sovereigns of the Continent, the late King of Prussia was to the 
importance of the arts. 
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23 

18 


308. So that the average yearly expenditure, for the ten years above named, amounts to 
2716/. sterling, a sum manifestly little more than necessary for keeping the building in 
repair, and leaving us without the most distant prospect of its ever being more than 
preserved. The above table is extracted from the small brochure by M. J. De Noel, 


published at Cologne in 1835. 

309. The cathedral at Ulm (^Jig^ 156.) i 



Fig. 156. 


i another of the many celebrated cathedrals of 
Germany: it was commenced in 1377, and 
finished, the tower excepted, in 1478. It is 
reputed to be the longest church in Germany, 
being 416 ft. long, 166 ft, wide, and, includ- 
ing the thickness of the vaulting, 141 ft. 
high. The piety of the citizens of Ulm moved 
them to the erection of this structure, towards 
which they would not accept any contribution 
from foreign princes or cities ; neither would 
they accept any remission of taxes nor indul- 
gences from the pope. The whole height of 
the tower, had it been finished according to 
the original design (still in existence), would 
have been 491 feet. It does not preserve the 
regularity of form for which the cathedral at 
Cologne is conspicuous, but the composition 
of it, as a whole, is exceedingly beautiftil. At 
Ratisbon is another beautiful work, of about 
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the same period, of which fig. 157. is a sketch; hut we do not think it necessary to detain 

the reader with the description of it. At Vienna 
the cathedral of St. Stephen’s exhibits another ex- 
quisite example of the style. 

310. We have mentioned a few of the churches 
of France in the Byzantine or Romanesque styles. 
In the thirteenth century the pointed style there 
reached its highest excellence. “ Every thing,” 
observes Whittington, “ seemed to conspire, m the 
circumstances of the nation and of the world, to 
produce an interval favourable for the cultivation 
of the arts ; and genius and talents were not want- 
ing to make use of the happy opportunity. The 
thirteenth century found the French artists, a nu- 
merous and protected body, in possession of a new 
and beautiful style of building ; the religious en- 
thusiasm of the times, fanned by the spirit of the 
Crusades, was at its height, and the throne of 
France was filled by monarchs equally distinguished 
by their piety and magnificence.” The chronicle 
Fig. 157. RATisHON cArRKURAL. of thc abbcy of Bee in Normandy informs us that 

Tngelramme, who had been employed on the church 
of Notre Dame at Rouen, was, in 1212, engaged on the church of this Norman abbey, a 
great portion whereof he raised in a year and a half, and in which he was succeeded by 
Waultier de Meulan, who finished the work in less than three years. Little of this build- 
ing remains, from the circumstance of its having been burnt twice within the century, 
and renewed in its present form about 1273, by the Abbot de Caniba. At this period the 
churches of France were rising in every direction. At Rheims, the cathedral {_fig. 158.) 
exhibited the elegant lightness of the new style ; the body of the cathedral at Lyons was 
completed; the exquisite cathedral of Amiens {fig^ 159.) was raised by Robert de Lii- 



zarches and bis successors; and, among many other architectural beauties, the Sainte Chapelle 
of the palace at Paris. Neither must we omit the celebrated Eudes de Montreuil, among 
whose numerous works, after his return from the East, whither he had accompanied Su 
Louis, was the church of Notre Dame de Mantes, the boldness of whose vaulting as- 
tonished Soufflot and Gabriel in their scientific survey of the French churches and of 
which it is related, perhaps fabulously, that when the building was finished, the workmen 
refused to remove the centering, until Eudes, by sending his nephew to assist them, quieted 
their apprehensions. The height of the vaulting from the pavement is 96 feet. This 
Eudes died in 1289, and of his two wives, Mahault, or Maud, attended the queen on her 
voyage to Egypt and the Holy Land. Another artist, Jousalin de Courvault, is known to 
have accompanied the king (St. Louis) to the crusade. The number of ecclesiastical 
structures in Fiance erected during the reign of St. Louis exceeds all former and subse- 
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quent exraple. Besides a great number^ounded by individuals, the church and anbey of 
St. Antmne near Parish those of the FiUes Dieu, the Jacobins, the Carmelite and the 
Ciu^diers du Faubourg St Marcel, were built by command of the king ; and, out of the 
metropolis, the abbeys of Lis near Melun, of Longchamp near St. Cloud, and St Mathieu 
near J^uen ; the greater part of the d>bey of St. Denis ; the Hotels Dieu of Vernon, 
Pontoise, and Compiegne ; the church and abbey of Maubul^on ; tibe church oi the nuns 
of Poissy, and the monastery and church of Boyaumont by IH^re de Montereau, are re- 
cor^d as the monuments of this munificent sovereign. At the latt^ end of the twelfth, 
or in the be^nning of the thirteenth, century, moreover, sprung up a brotherhood, known by 
the name of the Confraternity des Ponta, founded by St. Beneaet, to which behmgs the 
honour of having erected a bridge across the Rhone at Lyons in 1 244, and the Pont St. 
F^rit, another vast structure. The first stone of this was laid with great c^emony in 
1265 by Jemi de Umiges, prior of the monastery of St. K^rit, and the whole structure, 
above 3000 feet in length, was completed in 1309. The building of Imdget and main- 
tuning of roads at this period may be almost deemed to have been as great an act of pWty 
as the founding of churches ; and a religious association for such a purp<Ke idfoids a proof 
of the previous barbarism and increasing civilisation of the age. 

311. Ibe wars curied by the English into the very heart of France, as well as the 
fitcdons and divisions of the French nobility, put a stop to the cultivation of the fine arts, 
and the fine pointed style of this country ceased about the fourteenth century. The two 
succeeding ones were not distinguished by architectural efforts of excellence equal to those 
whereof we have been speaking. Before the invasion, however, of Edward 111. and in the 
provinces at a distance from the scene of warfare, the earlier part of the fourteenth century 
produced some beautiful churches, among which was that of St. Ouen at Rouen, a work 
celebrated no less for the beauty of its composition than for the remarkable skill and de- 
licacy exhibited in its execution. It was begun under the abbot, Jean Marc d* Argent in 
1318, but not finished till near the middle of the following century. Under Charles V., 
whose valour and policy procured for France a more favourable aspect in the affairs of the 
country, many buildings of importance were undertaken and completed. The principal 
edifices, however,, of this monarch were of a nature civil and military rather than religious. 
The Bastile and the castle of Vincennes were finished by him ; in the latter whereof be 
founded, about 1379, a very beautiful chapel, on the model of the Sainte Chapelle at Paris. 
The Chatelet, the walls of the city near the Porte St. Antoine, the chateaux of St. Germain 
en Laye, Montargis, and Creil, were constructed by him, as also many improvements and 
additions at the Touvre. Charles VI. was more interested in preparations for the invasion 
of England than in the patronage of architecture : he nevertheless caused the erection of the 
abbey of Bonport and some other ediSces. 

312. Though in the fourteenth century the style of the thirteenth did not altogether dis- 
appear, its character gradually altered, especially in the continuation of the mulHon work 
over the heads of the windows, which, from being ornamented with six foils or ros^ were 
now branched out into the form of leaves ; and the compartments of the circular windows in 
transepts, and at the end of naves, underwent a great change in their compositton, often 
extremely fancifol. The vaultings of the roofs, too, were much more hi^ly decorated. 
All these alterations took place at nearly the same period, or a short time alter, in England, 
whose prosperity then enabled the artist to carry them to a much higher state of perfection 
and munificence, as will hereafter be shown. 

313. The fifteenth century was not more &vourable to the practice of architecture ^ 
France than the fourteenth had been. It produced few buildings, nor was it indeed pro- 
bidile tbat any of grandeur and importance could have been undertaken and carried on 
dbring the constant and sanguinary contests which concluded with the expulsion tlie 
English ftom its shores, by which the monarchy from its most abject degradation was once 
more restored to vigour and prosperity. ** Tlie architectural taste of this age,** says the 
author whom we have so much quoted, “ resembled the contemporary style of Engl and 
and other countries. Many instances of tracery may be remarked, especially in sepulchral 
monuments and chapels ; but the distracted condition of France afforded little leisure to 
her inhabitants for works of piety and genius ; and prevented them from adding to the 
sumptuous structures of their ancestors any great example of that superlative beau^ or 
richness which characterise the architecture of England at this period.” The time, in foct, 
had arrived when it was to be superseded altogether by the disposition which soon became 
universal in Europe for returning to an imitation of the works of the ancien^ which, begun 
by the artists of Italy, was soon carried into every other country where civilisation had a 
footing. 

- 314. Our notice of pointed architecture iu France we shall close with a short notice of 
thfi cathedrals of Rheims and Amiens, which, with Mr. Whittington, we are of opinion are 
two the finest examples of the style in the world. The former, which was not quite 
finished till 1440, is in the form of a Latin cross on the plan ; its length ftom east to west 
is 492 ft., and its breadth, measured to the extremities of the arms of the transepts, is 
1 90 ft. The interior is divided longitudinally into a nave and choir with side aisles. 



138 


HISTORY OF ARCHITECTURE. 


Book I. 


Tlie vidth of the transepts is 98 ft., which is equal to that of the body of the church ; and 
the transept^ like the naye and choir, have their side aisles. The western fhmt is composed 
a& usual, with three entrances, the centre one being the largest ; the three being crowned 
with pmnted arches and high pediments with their crockets and finials. The buttresses of 
the ftont rise between these pediments, terminating in slender pinnacles. Over the centre 
docar is a very magnificent circular window, with radiating mullions, terminated at the cir- 
eumferoiee by pointed arches. It should also be mentioned that in the head of the door> 
way is a circular window, and above that (partly hidden by the pediment of the doorway 
on the outside) is a tier of small windows, like niches, over which is the great window jfbst 
mentioned. Over each side portal rises a square tower, decorated in the first story with 
windows, and in the second with a canopy which extends horizontally throughout the 
ft^ade ; the height of the towers being 270 ft. from the ground. The portals are of the 
most superb description, the sofites of the arches being masses of canopy work, exquisitely 
formed and elaborately finished. This work was planned and begun in 121 5, at which time 
the pointed architecture of England was by no means so advanced towards perfectibn as it 
was on the Cootinent the cathedral of Salisbury having been commenced 15 years later. 

315. The caftiedrai of Amiens has always been the admiration of travellers, and “ claims,** 
says Whittington, “ our attention, as it seems to throw a very strong light on the history of 
style, which has so long been, and probably will continue to be, distinguished by the 
contemptuous epithet [Gothic] it at present bears.** The date of the cathedral of Amiens 
having been correctly ascertained, and nearly coinciding with that of Salisbury, it is &ir to 
compare the contemporary styles from these two examples. They were begun in the same 
year 1220, and the original plans in both were carried through without mixture of the 
styles that succeeded before their completion. We entirely agree with Whittington, that 
the two, Amiens is in a more perfect and advanced state of art than Salisbury, and that the 
French were before us in adding to the simple beauties of the former peric^ many graces 
which we did not adopt till the latter. In England the prominent feature of the tlmteenth 
century was the highly pointed arch, struck from two centres, and including an equilateral 
triangle from the springing to the crown or apex of the arch ; and another, as Bentham 
of Ely) well obseires, is the employment of Purbeck marble pillars, very slender, and 
encompassed by marble shafts, a little detached, and a profusion of small columns of the 
same stone in the ornamental parts of the building. These peculiarities are found in 
Amiens, the arches of whose aisles resemble those of Salisbury and Westminster, as do the 
pillars. The vaulting, moreover, is like that of Salisbury. In plan, proportion, and orna> 
meat, however, the general character of the building difers very materially. As respects 
the first, the aisles to the transepts, the double ones on each side of the choir whose end is 
so beautifully terminated by a semicircular colonnade, are differences from Salisbury ; the 
number of columns, too, exceeds that used in our churches of the same date, and produces 
an infinitely richer effect. The dissimilarity is continued in the proportions of the whole 
cathedral, and especially in the height in relation to the width, that of the pillars to the 
width of the m'ches, and in many other details. It is nevertheless in the ornamental part 
that the chief difl^rence exists, and most particularly in the hosts of saints, prophets, mar- 
tyrs, and angels, which line the doors, cover the walls, and cluster round the pinnacles. 
There is noffiing in the church of Salisbury which approaches this. We have no^ however, 
space to pursue the subject, and shall therefore close it with a comparison of the respective 
dimenrions of the French with the English church. 




Direction of Dimensions. 




Salisbury. 

Amiens. 

Length from east to w^t 



; 

Feet. 

452 

Feet. 

444 ► 

— from the west door to the choir 

- 

- 

. 

246 

235 

of the choir .... 

- 

- 

. 

140 

139 

1 — of the space behind the choir to the Lady Chapel 


] 65 { 

19 

— of ftie Lady Chapel 

- 

- 


48 

— . of the transepts from north to south 

- 

- 

. 

210 

194 

Breadth rf the nave - . - 

- 

. 

- 

34J 

46 

— of the transept 

. 

- 

- 

46 

the side aides 

- 

. 

. 


19 

— the windows 

. 



48 

44 

— of the nave and side aisl^ 

- 

- 


102 

84 

— - of the west front 

- 

• 

• 

115 

160 

Height the vaulting of the nave 

- 

- 


84 

141 

— - of the side aisles of the nave - 

- 

- 

- 

} 38 { 

65 

— of the ade aides of the cheur - 

. 

. 

. 

62 

— to the soffit of the grand arches 

- 

- 

- 

78 

83 


316. A more amusing instance of the value of the investigation of architectural subjects 
by literary men cannot be referred to, than that of Gray the poet having compared the 




Chap. II. 


POINTED. 


129 


catiiedral of Amiens with that of Canterbury ; between which structures there is not the 
smaller point of r^mblance, except in their both being built for religious pun>oses. The 
<^urch at Amiens suffered during the Revolution considerably less than any of the other 
French churches of importance. 

317. In closing the view of the pointed architecture of France, it may be useful to add a 
list of a few of the cathedral churches in that country, with their dates and architects, before 
^e end of the thirteenth century. 


Church. 


Date. 

Architects. 

Chartres 


1029 

Fulber. 

CbaritS sur Loire 

- 

1056 

Gerard. 

Clugny 

- 

1070 

Hugues. 

Notre Dame, Paris 
* 


1161 

Mauricede Sully. Finished by Jean de 
Ravy, 1 257 ; and Pierre de Montereau, 

1270. 

Bee - - - 

- 

1212 

Ingelramme. Finished by Walter de 
Meulan, 1216. 

Rheims Cathedral 


1215 

Hugues Libergier. Completed by Ro- 
bert de Coucy. 

Rouen ditto 

- 

1216 

Ingelramme. FinishedbyW. deMeulan. 

Amiens ditto 


1220 

Robert de Luzarcbes. 

Sainte Chapelle de Paris 

. 

1245 

Pierre de Montereau. 

Lyons - - - 


1270 

Robert de Luzarcbes. 

Notre Dame de Mantes 
St. Gernuun des Pres, 

Paris 

1280 

Eudes de Montreuil. 

Chapel of our Lady - 

• 

1288 

Finished. Foundations laid by Pierre 
de Montereau in 1227. 


318. The pointed arch is found throughout Italy. We do not believe there was any 
great difference in the times of its introduction into the various countries of Europe ; the 
earliest example in Italy is believed to be the church of San Francesco at Assisi. The 
cathedrals at Orvieto and Sienna, and some beautiful examples at Verona, Vicenza, and 
Viterbo, show that it prevailed in Italy with many modidcations. It is not necessary to 
pursue its history merely with reference to this country ; and we shall therefore content 
ourselvtt with a short account of the principal structure in it which exhibits the style. 
The cathedral at Milan (/iff. 160.) was begun in 1336, and finished in 1387. It is con- 
structed of white marble. The plan is 
a Latin cross, the transepts extending 
but little beyond the walls of the churcdi. 
From west to east its length is 490 ft., and 
its extreme breadth 295. Each extremity 
of the western front has a small square 
tower 43 ff. wide in each direction. The 
length of the nave is 279 ft., and its width 
197 ft. It is divided longitudinally into 
a central and four side aisles, and lighted 
by five cupolas. The transepts are also 
divided into a central and two side aisles, 
in the direction of their length. The 
eastern end of the church is terminated 
by three sides of an octagon. The ar- 
chitecture of the doors and windows of 
the western front is of Italian or Roman 
style, and was executed at a late pe- 
riod ; but the whole of it ends upwards in a great gable or pediment, taking in the ex- 
treme width of t'ue elevation. Its apex is 170 ft. from the pavement, and the sloping sides 
are ornamented with tabernacle work. The central pinnacles are 195 ft. high, and are hori- 
zontally divided into six stories, wiiich, as they rise, gradually diminish in breadth, the last 
forming a small pyramidal spire, llie faces of the towers are encrusted with tabernacle 
work, and canopied statues standing on corbels. In the third story from the bottom 
a painted window, separated into three divisions by mullions, is introduced. The rest of 
the fii^ade is vertically divided by buttresses into five parts, tbs buttresses being orna- 
ment^ with status on corl^Is, and terminating in lofty pinnacles. The central tower, 
which stands over the intersection of tbe transepts with the nave, rises to the height of 
400 ft., being in general form similar to those which appear in the western ffia^de. All 
tbe towers and pinnacles are crowned with statues. The roof is covered entity with 

K 
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bto^iof iwbkt wbicii are fitted together sutdi exactness that tiiey »e like one pkce. 

architect of the fid>rie was Zamodia, a German. It must be l^re mnarked. 
that the the cathedral of Milan, which is of the close of the 14th centu^, is in 

the aao^ i^^aeter of style as that which prevailed in France andeOemtany. during riie 
aera^ Kerrioh (MSS. Brit. Mus.) has very truly said, that “ we have nothi^ wfaiidi might, 
^pithorise a strict ccmiparison with the cathedral at Milan, as to the immeiaity of rile wtede, 
or rile astoniriiing and endless labour which has been expend^ upon it ’Wiriumt j ise ^Mfa^ ^ 
tlK roo^ BO idea can be filmed of the vast profusion o€ ^^anriy carved ^ 

G(rtbic work, or the astoniriiing number of statues and alto-rilievos which are|buBd riS 0 e; . 
some very small, othars of a gigantic size — generally peaking good. ppi^e^ of 

course different degrees of merit, as having been made in difif^ent ages.- ^[litee ft 
gular application of them, which is seen 1 believe no where ebe-^th^ stmid &e 
very summit of pinnacles and finials. The louvre in the centre of riie cburrii is vei^ la^e, 
and oi grand effect, but is disfigured by a wooden spire. The flying arches are RteraUy 
feariiered with crockets.” We subjoin a table, with the dates and an&teets, oi soiite of the 
principal cariiedrris oi Italy, in which the pointed arch is found : — 


Flara. 

Date. 

Architect or Founds. * 

Geioa , - 
9fes4hia'- 

Palermo, Monte Reale 
Benevento 

Padua . - . 

Arezzo ... 

Orvieto ... 
N^les ... 
Sienna ... 
Milan ... 

H2S 

11801 

118SJ 

1198 

1231 

f 1240 to! 

\1260 J 
1290 

1260 

1338 

1387 

Founded by Martino Dona. 

Founded by Ruggiero, Count of Sirily, in 1100. 

Bishop Ruggiero, nephew of the last. 

Nicola da Pisa. 

Lapo, a German. 

Lorenzo Maitani. 

Giovanni da Pisa. 

Lapo da Siena. 

Zamodia. 


319. In the church of San Lorenzo at Genoa appears a strange mixture oi styles : the 

nave is separated from the aisles by Corinthian columns ^onnectra by pointed arches, and 
bearing an horizontal entablature, above which reigns an arcade^ whose supports are alter* 
nately c<dnmns and piers. The int«iial appearance of the church is angular, from the 
coutses of the masonry being alternately of white and black marble. cathedral at 

Palermo seems to indicate a Moresque as well as pointed style, and is a curious example, 
whereof the representations will convey a much better idea than a description here, irbich, 
Imweixr, we should not decline, if the subject had not already be^ placed fully befiire riie 
read^l Every example within the range of Moorish dominion unites to prove the hypo* 
thesis on which we have relied. 

320. In the splendid cathedrals of Spun a style prevails wherein we find almost an 

amsdgamation (ff Saracenic with that which prevailed in Europe after the introduction 
of the {KUnted arch. That at Seville, which was raised near the end of the ISrii ceotury, 
is 420^ broad, and 126 ft. high. The choir is in the centre of the rimreh ; 

and the interior, though as respects the plan unintelligibly split into small parts, pos- 
sesses fratures cf extraordinary beauty. Ihe celebrated Giralda, ot beli-towm', seized at 
one angle of it, is periiaps the most picturesquely designed campanile in Europe. The 
lower part, being 200 of the 300 ft. in height to which it rises, was built by the Moors t<2. 
wards the end of the 10th or beginning of the llth century. It contains a staircase of so 
easy ascent riiat two hoi^men may mount abreast more tb^ half way towards its summit. 
The cathedral at Burgos is another exquisite specimen of the art in i^ain, and has always 
been considered among the best examples of Europe in the pointed style, which on the 
Continent vras always more exuberant in ornament than in this country. It has two towers 
ending in spires at its west end; and from the central part of the edifice a squm'e tower oi 
great beauty rites, whose sides are ornamented with eight pinnacle The parts of this 
cathedral are elaborate, and finished with extraordinary attention to detail. At the eastern 
end an octagonal building is srated, crowned with a pyramidal roof Tliis ehurdb is said 
to teve been executed ou the designs of John and Suxum oi Cok^n^ after 1442. 

321.. Portugal produ^ a number of . examples of the pointed s^le, oi» whereof, tbe 
riiurchof Batalba(yijr. 161.), is of the m<Kt magnificent descripticHi. We always differ wito 
reluetance from Dr. Milner, and especially in* tbe case of the Batalha, winch he c<»riders only 
a variety .^Gothic'ar^iftectiire, and not tobe put ineos^^^rimiwiriimany of tte 

coi^^pdr^ buildings in otfacir parts Europe oa tbe general principles o( suUimity and 
beintyt»l,Our <^nnion is directly ^ reverse. Tlie church at Batalha is 416 ft. in lesgrii, and 
541 ft. frc^ noith to south including the monastery. Its plan is that of a Latin cross, and riie 
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interior is divided by columns into a nave, with an aisle on each side, the eastern end ter- 
minating in three sides of an octagon. The aisles 
are equal in height to the nave ; the vaults of both 
being groined, and springing from clustered pillars. 
The side wails have two tiers of pointed windows; 
those of the lower tier having their radii of curva- 
ture equal to two thirds of their span, and those 
above equal to three fourths of it. The windows 
are splayed towards the interior, their sides being 
ornamented with a number of small columns, 
wherefrom stems are produced which meet at the 
top of the aperture. £ach window is in three divi- 
sions, separated by upright mulUons, and ending in 
trefoil heads. Six quatrefoils are introduced be- 
tween the tops of the last and the intrados of the 
arch. In the chancel the windows are narrow in 
proportion to their height, and terminate in lancet 
heads. The main walls are crowned by pierced 
battlements with pinnacles. The tower is oc- 
tagonal on the plan, and receives a small open- 
Fig. 161. cm-Bcii o* HATAi-HA. workcd pyramidal spire. Attached to this church, 

which is constructed entirely of white marble, is the extremely beautiful mausoleum of 
King John 162.), whose pierced spire reminds one of those in Normandy and Ger- 
many, and gives another instance of the universal 
consent of the age in carrying pointed architec- 
ture to the utmost limits of decoration ; a desire 
which, connected with the changes of the times, 
led to its abandonment very soon after it seems 
to have reached the acme of perfection. 

322. We here leave the subject of pointed ar- 
chitecture, not without regret, because we are 
well aware that a much more extended notice 
than the limits here prescribed is necessary to 
do justice to it ; but that regret is lessened on 
reflecting that in a subsequent section we shall 
have to consider it under the head of architec- 
ture in the British Isles. The 6rst crusade, it 
is to be observed, was in 1096, about a century 
afrer which the pointed style was approaching 
perfection on the Continent ; the last, or eighth 
crusade, was in 1270; and it is curious enough 
1 ^ observe that iu about a century thereafter 

M| I I I 'Jx the expiring effort in that style appears in the 

„ :: ^ m i. cathedral at Milan, 'fhere seems to have been 

Fig. let. HAusoutiiii or kiko John. • ^ <•..*’* i*, 

a senes of waves ot art impinging, like those of 
the sea on the shores of a continent, on the taste of Europe, and not felt immediately, 
but in, as it were, the distance of the orig'uial wave from its destination; for it is certain 
that the British Isles were behind the rest of Europe in its adoption. And this we think 
another satisfactory reason for assigning the origin of the pointed arch to the East. 



Sect. XVI. 

ITALIAK ARCHITECTURE. 

323. Tile period to which we have advanced in the architecture of Italy is seen in the 
last section ; we have now to commence a new era in the art, which, dawning in Florence, 
soon spread its meridian light over Italy and the rest of Europe. The French have well 
applied the term renaissance to its commencement. It is with us denonunated that of the 
revival of the arts. The Florentines had at an early period, according to Villani, de- 
termined to erect in their city a monument which should surpass all that had before 
appeared; and in 12i,8 Arnolfo di Lapo, according to Vasari, but according to Molini 
Arnolfo (U Cambio da Colle, to whom they confided its execution, had so prepared his 
plans that its foundations were in that year laid, on the day of the feast of the Nativity, 
and the name of Sta. Maria del Fiore was then given to it. This edifice, though com- 
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menced long before the revival of the arts, seems to have been conceived by its architect in 
an original style, forming, as it were, a mean between the pointed and ancient style. 
It is therefore one of particular interest and instruction in the history of architecture, and 
one wherein we find a construction in which preparation was made for changing the style 
then prevalent into one sanctioned by the ancient principles of the art ; and it is certain that 
it was the first which gave the hint for the grandest monuments of modem architecture. 
Fig, 163. shows the plan, and 164. the half section and half elevation of it. The walls 



are almost entirely cased with marble. The whole length of it is 454 feet ; from the pave- 
ment to the summit of the cross is nearly 387 feet ; the transept is nearly S34 feet long ; 
the height of the nave 153 feet, and that of the sides aisles 96 j. Between the period 
of the beginning of the edifice and that in which its completion was entrusted to Brunel- 
leschi, many architects of great talent had been employed in carrying on the works : among 
whom we find the names of Giotto ; Taddeo Gaddi; Andrea Orgagna, a man of extra- 
ordinary powers, as his Loggia in the Piazza at Florence amply testifies ; and Filippo di 
Lorenzo. The revival of architecture is so connected with the life of Brunelleschi, that a 
few passages in the latter will assist us in giving information on the former. He was 
bom in 1377, and by his father Lippo Lippi, a notary of Florence, was intended to succeed 
him in his own profession ; but the inclination of the youth bent towards the arts, and the 
parent with reluctance yielded to it, and placed him with a goldsmith, an occupation then 
so connected with sculpture that the greatest artists of the time applied themselves to the 
chasing and casting ornaments in the precious metals. Brunelleschi, though skilful as a 
sculptor, had many rivals ; and ambitious, it would seem, to be the first in the art to which 
he should apply his powers, determined to devote himself entirely to architecture, in which 
the field was then unoccupied. In company with Donatello he th^fore visited Rome, 
and applied himself with ardour to the study of the ruins in the Eternal City ; and what was 
said by Constantins on seeing the forum of Trajan, as related by Ammianus Marcellinus, 
might be truly said of Brunelleschi : — “ Haerebat attonitus per giganteos contextus cir- 
cumferens mentem, nec relatu aSabiles, nee rursus mortalibus appetendos.” It w^ in 
Rome, though he never communicated his thoughts on the subject to his friend Donatello 
that he began to meditate upon the scheme of uniting by a grand cupola the four naves of 
the Duomo at Florence ; a project which till his time was considered almost impossible. 
During his residence, also, he traced and settled in his mind the proportions of the orders 
of architecture from the classic examples which the city afforded. Here it was that he 
studied the science of construction as practised by the ancients : from them he learnt that 
perfect accordance which always exists between what is useful and what is beautiful both 
of which are reciprocally subordinate to each other. Here he discovered the principles of 
that nice equilibrium, equally requisite for the beauty no less than for the solidity of an 
e^fice. In short, throughout he found « sermons in stones ; ” and, having thus qualified 
himself for the great work he sought, returned to Florence in 1407. In this year the 
citizens convoked an assembly of architects and engineers to deliberate upon some plan for 
finishing the Duomo, as Sta. M. del Fiore is usually called ; a name given to the cathedrals 
citi« of Italy. To this assembly Brunelleschi was invited, and gave his advice for 
raising the l^se drum or attic story upon which the cupola should be placed. It is not 
important here to detml the jealousies of rivals which impeded his project ; nor, when the 
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Fig. Ifil. HAUr ELEVATION AND HALF SECTION OF SANTA MARIA DEL FIORB. 

commission was at length confided to hirn, the disgraceful assignment to him of Lorenzo 
Ghiberti as a colleague, whose incapacity for such a task our architect soon made manifest. 
Suffice it to say, that before his death be had the satisfaction to see the cupola finished, 
with the exception of the exterior of the drum under the cupola ; for whose decoration, as 
well as for the lantern with which he proposed to crown the edifice, he left designs, which, 
however, were lost. One of the directions he left on his death particularly insisted upon 
the necessity of following the model he had prepared for the lantern, and that it was es- 
sential that it should be constructed of large blocks of marble so as to prevent the cupola 
from opening ; an advice which experience has since proved in other cases to be far from 
sound. This cupola is octagonal on the plan, as will be seen by reference to the figures, 
and is 138 feet 6 inches in diameter, and from the comice of the drum to the eye of the 
dome of the height of 133 feet 3 inches. Before it nothing had appeared with which it 
** could be fairly put in comparison. The domes of St. Mark and that at Pisa are far below 
it in grandeur and simplicity of construction. In size it only yields to St. Peter’s at 
Rome, for which it is probable it served as a model to Michael Angelo ; for in both, the inner 
and outer cupolas are connected in one arch at their springing. It is moreover well 
tnown that Buonarroti’s admiration of it was so great that he used to say that to imitate 
i\ was indeed difficult, to surpass it impossible. Vasari’s testimony of it shall close our 
amount of this magnificent structure ; — “ Se puo dir certo che gli antichi, non andarono 
n^i tanto alto con lor fabriche, ne si messono a un risico tanto grande, che eglino volessino 
cohbattere col cielo, come par veramente ch’ ella combatta, veggendosi ella estollere in 
tan* altezza che i monti intorno a Fiorenza paiono simili a lei. E nel vero pare, che il 
ciek ne abbia invidia poiche di continue le saette tutto il giorno la percuotono,” It might 
be 9ipposed that such a work was sufficient to occupy the whole of Brunelleschi’s tune ; 
not t) : the Duke Filippo Maria engaged him on the fortifications at Milan, besides which 
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he was employed on several other military works; a proof of the great diversity of talent he 
possessed. It is, therefore, from the extensive employ he enjoyed, not only in Florence, 
but in many other parts of Italy, quite certain that he infused a new taste into its buildings, 
and that he is justly entitled to the title of the Restorer of Architecture in Europe. He 
died, and was buried in the church he had raised in 1444. He left a number of scholars, 
among whom Luca Fancelli and Michelozzo were perhaps the ablest. These pupils spread 
throughout Italy the effects of the vast change that had been thus begun ; a taste for archL 
tecture was excited ; its true principles became known; and in a short space of time, as if 
the matter had been one of arrangement between them, the illustrious house of Medici, the 
dukes of Milan, and the princes and nobility of the country contended who should most 
patronise its professors. The learned began to expound to artists the books of Vitruvius, 
the only writer among the ancients whose works on that subject have come down to us. 

324. Leo Battista Alberti, of the ancient and illustrious family of the Alberti of 
Florence, succeeded Brunelleschi in carrying on the great change of which we have been 
speaking, and was, indeed, a great contributor to the art, not only by his literary labours 
on architecture, in which he displays profound erudition, knowledge of construction, and 
an intimate acquaintance with the works of the ancients, but also by the distribution, ele- 
gance, grace, and variety, which his designs exhibit. His book, De Re Edificatorid, is the 
foundation of all that has been since written on the art, and deserves careful perusal by 
every one who studies for the purpose of practice. We shall here present a short account 
of it, which, in imitation of Vitruvius, he divided into ten books. 

325. The first hook treats on the origin and utility of architecture ; the choice of the 
soil and situation for placing buildings ; the preparation, measurement, and suitable divi- 
sion according to their nature, of the edifices to be erected ; of columns and pilasters ; of~ 
the different kinds of rooft, doors, and windows, their number and size; of the different 
sorts of staircases and their landings ; of the sewage or drains, and of suitable situations for 
them respectively. In the second book the subjects are, the choice of materials; the pre- 
cautions to be taken before beginning a building ; the models, of whatever description, that 
should be made ; the choice of workmen ; the trees fit for use, and the season in which they 
should be felled ; the methods for preventing rot, and susceptibility of 6re ; of stone in its 
varieties ; the different sorts of bricks, tiles, lime, sand, and mortar. The third book 
treats of construction ; foundations according to the varieties of soil ; encroachments ; the 
carrying up and bond of masonry ; rough and rubble work ; on the different sorts of 
masonry ; on the inlaying and facing of walls ; on beams, joists, and the method of 
strengtliening them ; on floors, arches, and vaults ; the covering of roofs, pavements, and the 
season for beginning and completing certain works. The fourth book is confined to the phi- 
losophy of the art, showing the causes which influence mankind in the adoption of modes 
of building according to the climate, the soil, and the habits or government of a people. It, 
however, treats of the proper position of a city ; of the size to be given to it ; of the form 
of the walls ; of the customs and ceremonies of the ancients as applied to this point ; of 
fortifications, bastions or towers, gates and ramparts; bridges, both of timber and stone; 
sewers, ports, harbours, and squares requisite in a city. The fifth book contains in- 
structions for the erection of palaces for peaceable, and castles for absolute princes ; for the 
houses required by a republic ; large and small religious edifices ; academies, public 
schools, hospitals, and palaces for senators. In it are given some iiints on military and 
naval architecture, on farm buildings, and country houses. In the sixth book Alberti 
treats on architectural ornament, columns, and the method of adjusting their proportions. 
After some observations on the principles of beauty, on taste, and on the mode of im- 
proving it, he enters shortly on the history of architecture. These are followed by several 
chapters on the doctrine of mechanics, machines, the method of raising and working 
columns, polishing them, imitations in stucco and incrustation in thin layers, and matters 
of that nature. The seventh book continues the discussion on ornaments in architecture, 
but chiefly in respect of columns, showing the edifices in which the use of them is suitable; 
and, in imitation of Vitruvius in his directions relative to temples, our author dilates on 
buildings for ecclesiastical purposes. He shows what sorts of columns and pilasters are 
best suited to them, how far the employment of statues is proper, and how they should be 
sculptor^. The eighth book is on roads and their decorations, tombs, pyramids, columns, 
altars, epitaphs, &c. In it he turns to the subjects of streets, cities, ornaments appropriate 
to gates, ports, arches, bridges, crossways, markets, public squares, walks, porticoes, theatre^ 
amphitheatres, circi, libraries, colleges, baths, &c. ; and the style in which public buildings 
should be constructed and decorated. The ninth book is a continuation of the precediig 
one ; but in this he speaks in addition of the appropriate decoration of royal palaces, andof 
the ornaments r^pectively suitable to city and country dwellings, and of the paintin«Ts ind 
^ulpture that should be employed in them. In the tenth and last book the princip^ /Ob- 
ject is the finding a supply of water for buildings both in town and country, and it coses 
with some useful hints on the aid of architecture to domestic economy. Tliis truly^eat 
man constructed many works in different cities of Italy, some of which still ren^ to 
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bis skill. We are not to examine them with the eye of an architect flourishu^ even 
half a century later, though under that category they do him honour, but with the eye 
of an artist of his own day, and we shall then find our veneration for his memory cannot be 
too sbongly expressed. In Florence be finished the Ruccellai palace, and built the choir 

the Annundata. At Mantua be built a cburcb of singular beauty, consisting of a simple 
nave, crowned with a vault decorated with caissons, which rivals the works of the ancients. 
The additicms be made to the church of St. Francesco at Runini, a pointed church, though 
not in the same style, because it then came into disrepute, show an extraordinary aptitude 
for over<x>imDg the most difficult and repulsive subjecte with which an architect has to deal, 
and that work alone would stamp him as a man of genius. On hb other acquirements it b 
not within our province to dwell ; we shall merely sum them up by saying that he was poet, 
pmnter, sculptor, philosopher, mathematician, antiquary. Such was Alberti, in whom 
was ccmcentrated more refinement and leanung than have hardly since appeared in a single 
individual of our species. The time of hb death b not accurately known ; some place it at 
the end of the fifteenth, and others at the beginning of the dxteenth century. 

526. About the time that Alberti was engaged on the practice and literature of the art, 
a very extraordinary volume, written by a member of the Colonna &mily, was published by 
Aldus, at Venice, in 1499, folio. Its title b as follows : — Polyphili Hypneroiomaehia ; 
opus italicd Kngud amscriptum ; ubi humana omnia non nisi somnium esse docet, Thb work 
deserves to be better known than we fear its rarity will ever permit. With the singularity 
of the plan,j^t unites the advantage of placing before the reader many elevated and elegant 
ideas, and, under the veil of a fable, of inculcating precepts of the greatest utility to artists 
and th(Me that love the art. The testimony of Felibien in favour of thb work runs so fa* 
vourably, that we must transcribe it : — Sans prejudice,** says that author, “ du grand profit 
qu*on peut tlrer de la lecture de Vitruve, et de T^ude qu*on doit &ire de ses principes et de 
ses regies, il ne &ut pas moins examiner les tableaux curieux de plusieurs superbes Edifices, 
rocmumens ou jardins, que rimagination riante et feconde de I’auteur du Songe a mis sous 
les yeux de ses lecteurs." When it b recollected that the manuscripts of Vitruvius were 
extremely rare, and that when Colonna wrote ( 1467 ) that author had not been translated, ^ 
wb^ we reflect that in hb descriptions he rears edifices as magnificent and regular as 
those which Vitruvius presents to us, we cannot vrithhold our surprise at the genius and pene- 
tration of the author. With him architecture appears in all her majesty. Pyramids, 
obelbks, mausolea, colossal statues, circt, hippodromi, amphitheatres, temples, aqueducts, 
baths, fountauns, noble palaces, delicious gardens, all in the purest taste and of the most 
perfect pr<q>ortion, attend in her train, and administer to the pomp with which the author 
attires her. With him all these ideal productions of the art were not merely the result of 
an ardent imaginatiion, but were the fruit of an intimate acquaintance with ito rules, which 
he explains to hb reader, and inspires him at the same time with a taste for the subject of 
hb pages. He often breaks out agmnst the gross ignorance of the architects of hb day, 
and endeavours to inculcate in them the sound principles of the art. He demonstrates 
that it b not enough that an edifice possesses stability and solidity, but that it must be 
impressed with a ch^cter suitable to the purpose for which it b destined ; that it b not 
mmgh that it be well decorated, but that the ornaments used arise from necessity, or at 
the least from utility. Architecture thus treated in fiction was much more pleasantly 
stud^d than it would have been by mere application to the dry rules of Vitruvius. The 
impression made by the work was increased by the poetic glow with which the precepts 
were ddivered ; frie allegories it cont^ed warmed the imaginations of a people easily excit^ 
and Italy soon saw reaUsed what Folyphilus had seen in a dream. This work b decorated 
with wood migravings of ringular beauty, in which the detaib and accessories are stricUy 
cbsmcal; H b written with great spirit and elegance, and we are npt amazed at the ma^c^ 

which, with tiie Mcompanunent of Alberti’s book above mentioned, it every where 
inroduced. 

527. The Italian school, which ultimately appropriated and adapted the ancient Roman 

ord^s and ftidr details to comparatively modern habits, was for a long while engrafted 
cm or amalgiunated vrifti what btcalled Gothic, We here (Jig. 165.) plac^e before the reader 
an instance of this, in tiie celebrated Loggia at Florence, designed by Orgagim. Ihe same 
feeling appears, indeed, in what Brunelleschi did in hb Ouomo, and in many other buildings 
in FloreiM^, in Pisa, Sienna, and other cities. Brunelleschi doubtless made a strong effint to 
emancipate himself altogether from the mixture of two discordant styles, and in some mea- 
sure succeeded. Still there continued, as b evident in the Ricardi, Strozzi, and other palaces 
in j^omKe, a lingering love fi>r the mixture, which the architects had gr^t apparent diffi- 
culty in idiaking off It b, however, extraordinary that with all thb lingering love for the 
smebast in which there was much littleness, when the architects of thb period ^me 
to ftie c r ow ni ng members of their edifices, they placed on them such massive and finely 
oompomed oomices that ftie other parts are quite lost ; and in thb member it b evident tl^y 
vme infrucn^d by those feeling of uiuty and breadth that gave so much value to the best 
awks of the ancimts. ^ 
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S28. The revival of the arts in Italy was vastly assisted by the commerce and riches of 
the country ; and with the decay of that commerce, nearly 300 years afterwards, their palmy 
days were no more : from that time they have never thriven in the country that gave 
them birth. It is our intention, in this view of Italian architecture, to consider it under 
the three sdmols which reigned in Italy — 1. The Florentine ; 2. The Roman ; 3. The 
Yenedan. 

329. 1. Florentine Schoot, — Climate and the habits of a people are the principal agents 
in elating real style in architecture ; but these are in a great measure controlled, or it is 
perhaps more correct to say modified, by the materials which a country supplies. Often, 
indeed, these latter restnet the architect, and influence the lightness or massiveness of the 
style he adopts. The quarries of Tuscany ftimish very large blocks of stone, lying so close 
to the surface that they are without other difficulty than that of carriage obtmned, and 
removed to the ^ots where they are wanted. This is probably a circumstance which will 
aecouM fOT the solidity, monotony, and solemnity which are such commanding features in 
the Florentine school ; and which, if we may judge from the colossal ruins still exi^ 
ing, sinularly prevailed in the buildings of ancient Etruria. In later times another cause 
«mtribut^ to the continuation of the practice, and that w^ the necessity of afiTording places 
of defence for the upper rmiks of society in a state where insurrection continually occurred. 
Thus the palaces of the Medici, of the Fitti, of the Strozzi, and of other families, served almost 
equally for fertreses as for palaces. The style seems to have interdicted the use of columns 
in and on this account the stupendoiis cornices that were used seem actually 

necessary for the purpose imparting grandeur to the compositioDu In the best and most 
celebrated examples ^th^ palaces, such as the Stroz^ Fandolfini, and others in Florence, 
ai^ the Hcolmnini palace at l^nna, the cornices are proportioned to the whole height of 
tlm building cmisidcmd as an order, notwithstanding the horizontal subdivisions and 
interposed cornices that are practised between the base and the crowning member. The 
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courts of these palaces are usually surrounded by columns or arcades, and their interior is 
scarcely ever indicated by the eatemal distribution. From among the extraordinary palaces 
with which Florence abounds, we place before the reader the exquisite la^ade of the Pan- 
dolfini palace, the design whereof (y!^. 166.) is attributed to the ^vine BaSaelle d’Urbino. 



■Ftg. 166 . 


PANDOUriM PALAOU 


Ati it almost all the requisites of street architecture are displayed. It is an example 
wherein the principles of that style are so admirably developed, as to induce us to recom- 
mend it, in conjunction with the ^^ade of the Farnese palace hereafter given, to the 
elaborate study of the young architect. 

330. Without further allusion to the double cupola of the Duomo, already noticed, 
the first of its species, and the prototype of that of St. Peter’s at Rome afterwards reared 
by Michael Angelo, the principles and character of the Florentine school are not so 
manifest in its churches as in its palaces. These nevertheless possess great interest ; for 
they were the bases on which those of the Roman school were formed, as well as of those 
examples which, with different degrees of purity, were afterwards erected in many of the 
capites of Europe. Besides the plan of the Duomo, those of St. Michele, Sta. Maddelina, 
St Pancrazio, St. Lorenzo, and St. Spirito, are the key to all excellence in modem art, as 
respects real church architecture. It is unfortunate that of this school few of the churches 
have been finished, so that their fa 9 ades are generally imperfect The interior was pro* 
perly, with them, a matter to be first considered and brought to perfection. 

331. Amongst the many extraordinary architects of the Florentine school, whereof a 

list will hereafter be given, was Bartolomeo Ammanati, whose bridge, deUa Santistima 
Trinitd^* sufficiently proves that the greatness of the Florentine school does not alone 
depend on its palaces and churches. This, one of the most beautiful examples, as well 
for design as constructive science, in which was obtained for the waters of the Amo a 
maximum of waterway, combined with a beauty of form inappreciable through graphic 
means, still strides the river of Florence, to attest the consummate skill of Ammanati. 
The bridge in question consists of three arches : the middle one is 96 ft. span, and each of the 
others 86 ft. ; the width of the piers is 26 ft. 9 in., and the breadth of the bridge between 
the parapets is S3 ft. The arches are very slightly pointed, the cusp being hidden by the 
rams* beads sculptured on the keystones; their rise above the springing is very little, 
hence they have been mistaken by some writers for cycloidal arches. Alfonso and Giulio 
Fkrigi, who assisted in constructing the work, left an account of the mode in which it was 
carried on, jmd the manuscript is still preserved in the Florentine Library. More recently, 
a description of this bridge has been published by Ferroni, under the title of “ Della vera 
Curva degli Archi del Ponte della Santissima Trinita di Firenze.’* Hie Pitti palace had 
been be^n in the time of Brunelleschi, in 1 435, for Luca Pitti, a w^lthy citizen of Florence. 
Remaining long unfinished, it was at last sold to Eleonora, wife of Cc^mo I., who pur- 
chased the adjoining groimd, and planted the Boboli Gardens. About the middle of the 
16th centu^, Nicolo Bracciani, surnamed Tribolo, made designs for finishing the building; 
and was succeeded by Bernardo Buontalenti. After him came our Ammanati, who left 
other designs for finishing, which was accomplished by Alfonso and Giulio Parigi. It is 
now the residence of the grand duke, and has served as a model for imitation to many modern 
architects, though there is in it much to condemn. The details, however, and proporti(ms 
of the orders used in it by Ammanati, are very beautiful. This architect died in 1586, at 
the age of seventy-five. He was a pupil of Baccio Bandinelli, and during his life composed 
a large work, entitled La Cittd^ which contained designs for all tiie fabrics belonging to 
a regul^ and well-arranged city, beginning with the gates, then proceeding to the palaces 
of the and magistrates, the churches, the fountains, the squares, the loggia for the 
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merebantSythe bridges, theatres, &e. This work appears to have been lost, the last possessor 
of it known having been the prince Ferdinand of Tuscany. Though in the higher re> 
finonent of finished details the Flcnrentine school did not reach the extreme elegance of the 
Roman and Venetian schools, yet ibr bold imposing masses of architecture we think no 
city presents such a collection of highly picturesque architectural examples as Florence. 
Hie Htti palace indeed, just mentioned, is more imposing by its broad parts than almost 
«iy other building with which we are acquainted, though it becomes poor when transdated 
into French, as at the Luxembourg. 

S32. So late as 1454, we find in the Strozzi and other palaces semicircular-headed win- 
-dows, wherein are half columns at the sides, and a column in the middle, resembling those 
in the Byzantine or Romanesque edifices. The two apertures thus formed are crowned by 
semicircular heads, which are circumscribed by the outer semicircle, and the spandrel formed 
by the tibree curves is occupied by a patera. 

333. Hie period of the Florentine school, which must be taken as commencing with 
Brunelleschi, includes the names of Michelozzo, Leo Battista Alberti, FoUaiuolo (who ob- 
tained the ^ubriquet of Chronaca, from his constant recital of his travels), the architect 
of the Strozzi palace, Raffaelle Sanzio, Benedetto da Majano, Baccio d’Agnolo, Baccio 
BandinelH, Buontalenti, Ammanati, and others : it extends from a. d. 1400 to a. d. 1600. 
The works of Michael Angelo, though a Florentine, do not belong to this school ; neither 
do those of San Gallo and some others, who have been improperly classed as Florentine 
architects. 

334. 2. Roman School . — Though the city of Rome, during the period of the rise and 
progress of the Roman school of architecture, was not altogether free from insurrectionary 
troubles, its palatial style is for less massive than that of Florence. None of its buildings 
present the fortress-like appearance of those in the last-named city. Indeed, the Roman 
palaces, from their grace and lightness, indicate, on the part of the people, habits of a much 
more pacific nature, and an advancing state of the art, arising from a more intimate ac- 
quaintance with the models of antiquity which were on every side. The introduction of 
columns becomes a fovourite and pleasing feature, and great care and study appear to have 
been constantly bestowed on the fo 9 ades of their buildings ; so much so, inde^, in many, 
that they are but masks to indifierent interiors. In them the entrance becomes a principal 
object ; and though in a great number of cases the abuses which enter into its compo- 
sition are manifold, yet the general effect is usually successful. The courts in these 
palaces are most frequently surrounded with arcades, whence a staircase of considerable 
dimensions leads to the sala or principal room of the palace. The general character is that 
of grandeur, but devoid altogether of the severity which so strongly marks the Florentine 
school. The noblest example of a palace in the world is that of the Famese family at 
Rom^ to which we shall afterwards have occasion to return. 

335. Bramante, bom in 1444 at some place, but which is still in doubt, in the duchy of 
Urbim^ must be considered the founder of the Roman school. Though educated as a 
printer under Fra Bartolomeo, and likely to have ranked in that occupation as a master 
of no ordinary powers, his great love of architecture induced him at an early period to 
quit painting as a profession. In Lombardy be wandered from city to city for Rie purpose 

obtrining employmmit as an architect, but there is no evidence that his exm^ons in 
that part of Italy were rewarded with great success. The dry style which afterwards cha- 
raetmised his works has been said to have had its origin in bis protracted stay at Milan, 
iriiite the works of the Duomo were carrying on there under Bmmardino di Trevi, a 
boiler of sudi skill as to have gained the ^eem of Leonardo da Vinci. Be this as it 
may, it was in this rity his determination to follow our art became irrevocable. From 
MiImi be went straightway to Rome ; where, however, he was obliged to make himiM»lf 
known by some works in his first profession of a painter in the church of St. Giovanni 
Laterano. Naturally of hospitable and social disposition, and a lover of expense and 
luxury, so intense was his ardour to become great in the art be adopted that he refirained 
from all society, bolding commerce only with the monuments of antiquity by which he 
was surrounded studying with the utm^ diligence, and drawing them for his future ap- 
plication of the principles upon which they were founded. He even extended his researches 
to Naples, h^ing no opportunity of noting aU the ruins from which instruction in bis art 
could be drawn. Orafia (Cm'dinal of Naples), who had remarked his zeal, gave him his 
firrt commission in Rome, which was the construction of the cloister of the Convent della 
; and this, from the intelligence and speed with which he executed the task, brought 
him at <Hiee into rapute. At this period Rome could boast but of few architects, and 
those that were established there were of small account. The Florentine school seems to 
have qinmg in the most decided manner from the habits of the people airi the massiveness 
e£ tbrir materials, modified by some knowledge of the buildmgs of the ancients ; that 
of Rmne seems to have been founded upon the principle of making the ancient architecture 
of Rome suit the more modern habits of a very different people, though living on the 
same spot. To explrin im»e immediately our meriiing, we cite the smril circular chapel 
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of St XHetro in Montorio, wherdn we find a jump at once in the adaptation of the circular 
peripteral temple of the Romans to the purpose of Christian ceremonies. And agmn, it 
is imp<»rible to look at the Palazzo della C^celleria without being struck by the base- 
ment and two orders, which would be suggested by a contemplation of the CoUsseum, 
though afterwards the Roman architects had the good sense to see that the orders of 
architecture placed against the walls of a building where the use was not required by the 
interior distribution was a tasteless and useless application of them. The architect of the 
Palazzo Famese only uses them for the decorations of his windows. In this respect we 
hope good sense is once more returning to this country ; and that the absurd prm^tice in 
almost every case of calling in the orders to aid the effect of a fe^ade, will be al^mdoned . 
for the better plan of obtaining an imposing effect from the simplicity and arrangement of 
the necessary parts. We must, however, return to Bramante, whose other employment we 
pass over to come to his great work, — one which, after the continued labour- upon it of his 
successor Michael Angelo, seems to have exhibited the great canons of art ; one which 
has regulated all the modem cathedrals of Europe, for they are, in fact, but repetitions 
of it ; and one, therefore, which requires a lengthened notice in this place, as intimately 
connected with the rapid progress of the Roman school. The ancient Barilica of St. 
Peter had become so ruinous that Pope Nicholas V.,a man who delighted in magnificent 
undertakings, a lover of architecture, and of more than ordinary gemus, had conceived the 
project of rebuilding it, and under the designs of Bernardo RoselHni had actually seen a 
portion of the design rise from the ground before his death. The project seemed then to 
be forgotten and abandoned^ until Michael Angelo Buonarroti, seeking a place for the 
erection of the mausoleum of Julius II., upon which he was engaged, thought that the 
tribune of Rosellini’s projected new basilica would be well suited for its reception, and 
accordingly proposed it to the pontiff. « Julius, pleased with the suggestion, immediately 
sent for Sw Gallo and Bramante to examine into it. In these cases, one project generally 
suggests another, and the rearing a new St. Peter*s became a fixed obje<^ in the mind of 
Julius XI. The tribune of Nicholas V. was no longer thought of, except as a space to 
be included within the new works. He consulted several architects upon the subj^ ; but 
the &ct is, that the only real competition lay between Giuliano di San Gallo and Bra^ 
mante. The last was the successful artist ; and from a great number of projects the pope 
at last chose that upon which St. Peter’s was afterwards commenced. The real design of 
Bramante can scarcely be traced in the basilica of the Vatican as executed. The cb^ges 
it was doomed to undergo before completion, more than perhaps any other building was 
ever subjected to, have been drawn into a history by the Jesuit Bonanni. When Bramante 
died, his designs, if indeed he made any, were dispersed ; and for what we do know of them 
we are indebted to Rafl^lle, who took much pains in collecting the ideas of our architect, 
as they afterwards appeared in Serlio’s Treatise on Architecture. The original plan of 
Bramante was simple, grand, and in its. parts harmonious, and would doubtless have 
been effective, &r beyond the edifice as executed. It has been well observed by Q. de 
Qiuncy, in his Life of Bramante, ** Le Saint Herre d’aujourd’hui parait moins grand qu’il 
ne Test en effet. Le Srint Pierre de Bramante aurait certainement ete plus grand encore 
en apparence qu’en reality,” There would moreover have been an accord^ce between 
the interior and exterior. The peristyle was to have three ranks of columns in depth, 
which would have necessarily had unequal intercolumniations. The cupola was rather 
that of the Pantheon, ornamented exteriorly with an order of columns. Bramante carried 
his imitation even to the steps round the springing of that monument. From the 
medals of the design struck about the period, it seems that the f^ade was to have been 
decorated at its extremities with two campanili ; but the authority of a medal may be 
deubtfril. The idea, therefore, which is said to have originated with Michael An^lc^ 
of plaring the dome of the Pantheon upon the vaulting of the Temple of Peace emanated 
from Bramante, though the honour ^ actually carrying such a project into execution 
belongs to lVTiflb«el Angelo da BuonarrotL It is not, however, probable that if Bra* 
mante had lived he could have strictly executed the design he produced ; ft>r it has been 
well proved that the piers which carry the dome would not have been sufficiently sub- 
stantial for the weight to be placed upon them, inasmuch as Bramante’s cupola would 
have been much heavier than that executed by Michael Angelo, mid that architect con- 
sidered it necessary to make his piers three times as thick as the former had pr^osed 
fijr his cupola. Bramante’s general design having been adopted by Julius II., was imme- 
diatriy commenced with a boldness and promptitude of which few but such men as Julius 
and Brsonante were capable. One half of the ancient basilica was taken down ; and on the 
18th of April, 1506, the first stone of the new febriewas I^d by the pope in the pier of the 
dome, commonly called that of Sta. Veronica. The four piers soon rose ; the centres were 
prepared for connecting them by vaults, which were actually turned. The wei^t and 
thrust of the vaults, however, bent the piers, and cracks and fissures made their ap- 
pearance in every direction. Thus, without more than their own weight, much less 
tlat of the cupeda, the works threatened ruin. The great haste used in carrying on the 
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wo^ luid doubtless much coatributed to ^is catastrophe. Biaznante in the meantime 
dyiB^ Rafibeile, Giocondo, and Giuliano di San Gallo, and afterwards Baldazzare Peruzzi 
A^itonin San Gallo, were engaged on the edifice, and seY&rally jised the proper means 
iat remedying the defects that had arisen, and for fortifying the great piers of the dome. 
7o do this» 9S well as to push forward its completion, Michael An^tio was employed ; and 
the r^ <^^iat great man's life was chiefly devoted to carrying on, under his own designs, 
tite works Of the &bric. From the death of Bramante in 1513 to 1546, when Antonio 
San Gallo died, the architects ^^ve named, all of whose names are almost sacred, had been 
more or less employed upon it. It was during this period that Bramante’s ori^nal plan 
of a Latin was changed into a Greek cross by Peruzzi. The works had at this time become 
tiie source much jobbing ; every body that bad any emp 1 o 3 niient on them seem^ bent on 
provi^ng for himself, when Mirh^l Angelo consent^ for he was for from desirous of being 
employe*^ to superintend the future progress of the fobric. The first use made of his au- 
thority by Mich^ Angelo was that of discharging all the agents and emplo^ia of the place ; 
he may 1^ said to have again driven the money-lenders out ai the temple. That he might 
have more moral power over this worthless race, he set the example of declining to receive 
the salary of 600 crowns attached to his appointment as architect, and gratuitously super- 
intended the woi^ during the period of seventeen years, — a disinterestedness that afterwards 
finmd a parallel in one of the greatest architects that this or any other country ever saw : 
ire needly scarcdy mention the name of Inigo Jones. Michael Angelo began by undoing 
what his predecessor San Gallo had executed ; and after having accomplished that, his 
whole powers were directed towards carrying on the structure to such a point that no 
<foange could possibly be made in his plans ; so that after having strengthened the great 
t pier% suited the naves, and carried up the exterior pedestal of the cupola, at the death 
of Paul HI. in 1549 the form of these parts of the basilica was unchangeably fixed. 
Under Julius III., the successor of Paul, the intrigues which had always been carried on 
against Michael Angelo were renewed. He was accused of having contrived the arrange- 
ment without sufficient light, and of having changed every thing his predecessors bad 
done. Thus proceeded this great work ; but notwithst anding the severe trials he had to 
undergo from the envy of his contemporaries, — rivals he could not encounter, —Buonarroti 
steadily pursued his course. He felt that his own destiny and that of the fobric were 
■^idratlcai; and, notwithstanding all the disgusting treatment to which he was exposed, 
determined to stand to his post while life remained. Writing to Vasari, he says, “ For me 
to leave this place would be the cause of ruin to the chiircb of St. Peter, which would be 
a lamentable occurrence, and a greater sin. As I hope to establish it beyond the possibility 
of changing the design, I could first wish to accomplish that end ; if I do not already 
commit a^rime, by disappointing the many cormorants who are in daily expectation of 
getting rid of me.” And in another letter to Messer Lionardo Buonarrotti, in reply to the 
pressing instance of the grand duke to have him at Florence, be says, ** I would prefer 
death to being in disgrace with the duke. In all my affairs 1 have endeavoured to adhere 
to the truth ; and if 1 have delayed coming to Florence as 1 promised, the promise should 
have been construed with this condition, that I would not depart b^ce untti the fobric of 
St Pete’s was so far advanced as to prevent its being spoiled by others, and my derign 
altered ; nor to leave opportunity for those thieves to return and plunder, as has b^n their 
custom, and as is still their hope. Thus placed by Divine I^ovidc^c^ 1 have exerted 
myself to prevent those evils. As yet, however, I have not been able to succeed in ad- 
vancing the building to that point which I d^ire, from want of money uid mra ; and being 
oM, without any one about me to whose care I could leave the work, as 1 serve for the love of 
God, in whcm b all my hope, I cannot abandon it.” At this period, with the letter, to whhdi 
we have not done sufficient justice in the translation, it is impossible not to i^mpathise, n^r 
to be una&cted by the simple and unbending honesty of this honour to the race of man, in- 
dependent of all our admiration of his stupendous power as an artist. At the age of eighty- 
seven, the pedestal being then ready for the reception of the cupola, ^e made a small 
model in clay for that important feature of his work, which was ^erwards, to a scale, ac- 
curately imder his directum, executed in wood ; but deficiency in tl^ funds prevented the 
prioress of ti» buUffii^. To the height of upwards of 28 ft,, above the extermr attic the 
cupola is in one solid vault, whose diara^er is near 1S9 ft. at its springing, at which place 
its thickness is near 10 ft. exelurive of the ribs. As the inner and outer vaults are not con- 
centric, the interval between than increases as they rise. Where they receive the lantern 
are 10 ft. 7 in. apart. The construction of this dome proves the profundity of the 
aeeiutect's knowfodge as a scientific builder to have equalled his superiority as an architect. 

336. A^r tile doitii of Michael Angelo, this cupola with its lantern was rigoroutiy ex- 
eeuted, upon the model he had 1^, by Jacopo della Porta and Domenico Fontana. His 
mtentioos were religiously respected, in the completion of the fobric, until the time of Pirro 
ligorio, whom Hus IV. deprived of his situation for attempting to swerve from the model 
and substitute his own work. 

337. Between the foundation of the church by Bramante, and its entire completion by 
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Chaf. II. 

Carlo Mademo, as seen in^s. 167 . and 168., 


a century had elapsed , but during that century 
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and the happy union of taste with common sense had altogether disappeared. The part 
added to the edifice by Mademo appears in the plan with ^rker lines, by which it is seen 
that he added three arcades to the nave, in which the same ordonnance is continued. 

338. Respecting the alteration in, or rather addition to the plan, it is, and is likely to 
continue, a moot point, whether this change by Maderno has injured the effect of the 
church. “ There are,” says De Quincy, “ in the method of judging of works of archi- 
tecture, so many different points of view from which they may be judged, that it is quite 
possible to approve of even contrary things.” We are not ourselves disposed to censure 
the application of Mademo, though it cannol be denied that the symmetry of the fabric 
was in some measure destroyed by it. It is possible that the constant habit of seeing 
cathedrals with a prolonged nave, before we first saw St. Peter’s, may have disposed us to 
look leniently at a point which so many better judges than ourselves have condemned. 
Michael Angelo’s plan was, doubtless, one of great simplicity and unity. According to his 
intention, the cupola was the principal feature, the four arms of its cross being accessaries 
which would not interfere with or lessen the effect of its grandeur, whose points of view 
could not be much varied. On the other hand, the edifice, enlarged accorduig to the first 
project of Bramar.te, has acquired an immensity of volume, which, observes the author 
before quoted, one would be now sorry to see it deprived of. “ Ce s(mt deux grandeurs 
voisines sans itre rivales” In its exterior, however, it must be admitted that the pro- 
longation of the nave has not improved the effect ; and that arose from the necessity of 
strictly conforming to the forms that existed. It is manifest that the. number of divisions 
which resulted from the mixtilinear plan of Michael Angelo would not well sort with the 
extended mass which the nave created. It was absolutely necessary that it should be 
conformable with what had been completed ; and the effect of this was lessening the 
elevation of the cupola in an almost fatal manner. The facade of entrance cannot in any 
way be defended ; and it is much to be regretted that the fine entrance designed by the 
great master was lost to the world. 

339. St. Paul’s is, perhaps, the only great instance in Europe wherein the design was 
made and wholly carried into execution by the same architect. Works of this nature 
usually exceed the space of man’s life. St. Peter’s was altogether a century and a half in 
building. The change of architects is not the least inconvenience of such a state of things ; 
for during so long a period such a change of taste arises that the fashion and style of an 
art are from accident scarcely the same at its commencement and end. Thus the church 
of the Vatican, which was begun by Bramante in a comparatively pure style, was, in the 
end, defaced by the vicious bizarrenes of Borromini. It was fortunate Michael Angelo, so 
'&r foreseeing accidents of this nature, had fixed unchangeably the main features of his com- 
positioji. 

340. That the first idea of this stupendous fabric owes its origin to Bramante cannot be 

disputed ; but its greatness, as conceived by him, is confined to the boast of placing the 
cupola ^ the Pantheon upon the vaulting of the Temple of Peace. The sketch of it given 
by Serlio is nothing like the cupola which was executed. On the other hand, what was 
executed by Michael Angelo was scarcely new after what Brunelleschi had accomplished 
at Sta. Maria del Fiore. This, however, was a chef d’ceuvre of construction ; that of St. 
Peter’s was a chef d’ceuvre of construction and architecture combined. What was new 
in it was, that it was the lofUest and largest of all works, ancient or modem, uniting in its 
vast volume the greatest beauties of proportion to simplicity and unity of form ; to mag- 
nificence and richness of decoration a symmetry which gives harmony to the whole, con- 
sidered by itself and not less so when considered in relation to the mass of which it is 
the crown, llie great superiority of this cupola over all others is visible in another point 
of view, which we shall more particularly notice in the account of St. Paul’s in a sub- 
sequent page ; it is, that the same masonry serves for the exterior as well as the interior, 

whereby an immense additional effect is gmned in surveying it from the inside. All is 
&ir ; there is no masking, as in other cupolas that followed it. 

341. Whatever o^nions may be formed on the other works of Michael Angelo, no 

difference can exist respecting the cupola of St. Peter’s. « Si tout,” observes De 
Quincy, “ ce qui avait ete fidt et pense, ou projet6 avant lui, en ce genre, ne peut lui 

disputer le prix de I’invention et de roriginalite, et ne peut servir qu’a marquer la 

hauteur de son genie, il nous semble que les nombreuses coupoles elevees dans toute 
I’Europe depuis lui et d’apres lui, ne doivent se considerer encore que comme autant 
d’echelons, propres a faire mieux sentir et mesurer sa superiority.” The bungling of Carlo 
Mademo at St. Peter’s is much to be regretted. The arches he added to the nave are 
smaller in dimensions than those which had been brought up immediately adjoining the 
piers of the cupola ; and, what is still more unpardonable, the part which he added to the 
nave is not in a continued line with the other work, but inclines considerably to the south : in 
other words, the church is not straight, and that to such an extent as to strike every 
educated eye. His taste, moreover, was exceedingly bad. 
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342. In the principal churches of Rome there is great similarity of plan ; they usually 
consist of a na-ve and side aisles, in which latter, chapels are ranged along the sides. The 
separation of the nave and aisles is effected by arcades. The transepts are not much 
extended, and over the intersection of them with the nave and choir a cupola generally 
rises. The chapels of the Virgin and Holy Sacrament are commonly in the trai^pts ; 
and the great altar is at the end of the choir, which usually terminates semicircularly on 
the plan. Unlike those of the Florentine school, the interiors of the Roman churches 
are decorated to excess. Pictures, mosaics, and marbles of every variety line the walls, 
A profusion of gilding imparts to them a Richness of tone, and the architectural details 
are often in the highest state of enrichment. They are, indeed, temples worthy of the 
worship of the Deity. Yet, with all this magnificence, the facades are often mean ; and 
when a display of architecture is exhibited in them, it is produced by abuses of the worst 
class. They are generally mere masks ; for between the architecture of these false fronts 
and that of the interior there is no architectural connection. In very many instances the 
sides of the churches are actually hidden by adjacent buildings, so that they are altogether 
unseen ; a circumstance which may have conduced to the repetition of the abuse. Faulty, 
however, as these edifices are, to them is Europe indebted as models, which have in 
modem times been more purified. We have not space to enumerate or criticise the 
churches with which Rome abounds. St. Carlo on the Corso, by Onorio Langhi, is a fine 
example of them, and gives a fair notion of the general distribution we have described. 
Those of a later date, especially those by Borromini, may be considered as indices rerum 
vitandarum in architecture ; and though we are, perhaps, from the cupidity of upholsterers 
and house decorators, likely to be doomed to sit in rooms stuffed with the absurdities of 
the taste prevalent in the time of Louis XV., we can hardly conceive it necessary in these 
days to recommend the student's abhorrence of such freaks of plan and elevation as are to 
be found in the church of St. Carlo alle quattro Fontane, by that architect. 

343. The palaces of Rome are among the finest architectural works in Europe ; and of 

those in Rome, as we have before observed, none equals the Farnese, whose fa 9 ade is 
given in Jig. 169, “ Ce vaste palais Farnese, qui a tout prendre, pour la grandeur 
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de la znai^, la regularite de son ensemble, et Texcellence de son architectute, a tenu 
jus^u'ici, dans Topinion des artistes, le premier rang entre tous les palais qu*on renomme,” 
is the general description of it by De Quincy, upon whom we have drawn largely, and must 
conrinue to do so.-i This edifice, by San Gallo, forms a quadrangle of 256 ft. by 185 ft. 
It is constructed oJ^^ brick, with the exception of the dressings of the doors and windows, 
the quoins of the fronts, and the entablature and loggia in the Strada Giulia, which are of 
travertine stone. Of the same stone, beautifully wrought, is the interior of the court: 
The building consists of three stories, including that on the ground, which, in the elevations 
or fa 9 ades, are separated by impost cornices. The only break in its symmetry and sim- 
plicity occurs in the loggia, placed in the centre of the first story, which connects the 
windows on each side of it by four columns. On the ground story the windowsare decorated 
with square-beaded dressings of extremely simple design ; in the next story they are fianked 
by columns, whose entablatures are crowned alternately with triangular and circular 
pe(^ments ; and in the third story are circular-headed windows, crowned throughout with 
triangular pediments. The taste in which th^e last is composed is not so good as the 
lest, though they were probably the work of Michael Angelo, of whose cormce to the edifice 
Vasari observes, “ E stupendissimo il corniccione maggiore del medesimo palazzo nella 
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i&c<^ta dinanaa, non si potendo alcuna cosa ne piu bella ne piu magnifica desiderate.” 
Tt» &9ade towards the Strada Giulia is different from the other fronts in the ce'^^ ^ only, 
wherein there are three stories of arcades to the loggia, each of whose piers are UwCorated 
with columns of the Doric, Ionic, and Corinthian orders in the respective st )ries as they 
rise, and these in form and dimensions correspond with the three ranks of arcades towards 
the court. It appears probable that this central arrangement was not in the original 
d^gn of San Gallo, but introduced when the third story was completed. Magnificent as 
from its simplicity and symmetry is the exterior of this palace, which, as De Quincy observes, 
" est un Idiiice toujours digne d’etre le sejour d’un prince,” yet does it not exceed the beauty 
of the interior. The quadrangle of the court is 88 ft. square between the columns of 
the arcades, mid is composed with three stories, in which the central arrangement above 
mentioned towards the Strada Giulia is repeated on the two lower stories, over the upper 
whereof is a solid wall pierced in the windows. The piers of the lower arcade are orna- 
mented with Doric columns, whose entablature is charged with triglyphs in its frieze, and 
its metopa; are sculptured with various symbols. The imposts of the piers are very 
finely profiled, so as to form the entablatures when continued over the columns of the 
entrance vestibule. In the Ionic arcade, over this, the frieze of the order is decorated 
with a series of festoons. The distribution of the different apartments and passage is 
well contrived. All about the building is on a scale of great grandeur. Though long 
unoccupied, and a large portion of its internal ornaments has disappeared, it stUl com- 
mands our admiration in the Carracci Gallery, which has continued to serve as a model 
for all subsequent works of the kind. The architecture of the Farnese palace, more 
especially as respects the arcades of its court, is the most perfect adaptation of ancient ar- 
rangement to more modem habits that has ever been designed. We here allude more 
particularly to the arcades, upon whose piers orders of columns are introduced. This 
species of composition, heavier, doubtless, less elegant, yet more solid than simp^ colon- 
nades, is, on the last account, preferable to them, where several stories rise atove one 
another. The idea was, certainly, conceived from the practice in the ancient theatres and 
amphitheatres ; and in its application at the Farnese palace rivals in beauty all that 
antiquity makes us in its remains acqurinted with. San Gallo, its architect, died in 154fi. 

344. It would be impossible here to enumerate the palaces with which Rome abounds ; 
but we must mention another, that of St. Giovanni Laterano, by Domenico Fontana, 
as a very beautiful specimen of the palatial style. Milizia censures the detail of this edifice, 
and there is some truth in bis observations in that respect ; but the composition is so simple 
and grand, and the comice crowns it with so much majesty, that the detail is forgotten in 
the general effect, and its architect well deserves the rank of a great artist. 

345. The villas, Ocelli d" Italia, as they have been called, round the suburbs of Rome, 
are in a style far lighter than the palaces whereof we have just been speaking. They are 
the original models of the modem country bouses of this island, and exhibit great skill in 
their plans and elegance in their fr^ades. Generally they rose from the riches and taste of 
a few cardinals, who studded the environs of the Eternal City with some of the fairest gems 
of the art. MM. Percier and Fontaine published a collection of them at Paris, from 
which we extract the Villa Pia {Jig- 170.). It was designed by Pirro Ligorio, a Neapolitan 
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archivigctr.^bo died in 1580, and is thus described by the authors whose view of it we have 
borrow*. - “ It was built,” say they, “in imitation of the houses of the ancients, which 
Ligorio had* particularly studied. This clever artist, who to his talent as an architect 
joined the information of a learned antiquary, here threw into a small space every thing 
that could contribute to render it a delightful dwelling. In the midst of verdant thickets, 
and in the centre of an amphitheatre of flowers, he constructed an open lodge, decorated 
with stuccoes and agreeable pictures. The lodge is raised upon a base, bathed by the water 
of a basin, enclos^ with marbles, fountains, statues, and vases. Two flights of steps, 
which lead to landings sheltered by walls ornamented with niches and seats of marble, offer 
protection from the sun’s rays by the trees that rise above them. Two porticoes, whose 
interior walls are covered with stuccoes, lead on each side to a court paved in mosaic work. 
This is enclosed by a wall, round which seats are disposed. Here is a fountain spouting 
up from the centre of a vase of precious marble. At the end of the court &cing the lodge 
an open vestibule, supported by columns, fronts the ground floor of the principal pavilion ; 
and is decorated with mosaics, stuccoes, and bassi-relievi of beautiful design. The apartments 
on the first floor are ornamented with fine pictures. Finally, from the summit of a small 
tower, which rises above the building, the view extends over the gardens of the Vatican, and 
the plains through which the Tiber takes its course, and the splendid edifices of Rome.” 
For further information on the Roman villas, we refer the reader to the work we have 
quoted. 

346. The Roman school of architecture, founded by Bramante, includes San Gallo, 
Buonarroti, Sansovino, Feruzzi, Vignola (whose extraordinary palace at Caprarola de- 
serves the study of every architect), and many others. It ends with Domenico Fontana, 
the period of its duration being from 1470 to 1607, or little more than 130 years. 

347. Before we proceed to the Venetian school, it will, however, be proper to notice 
two architects, whose works tended to change much for the worse the architecture of 
their time ; we mean Borromini and Bernini, though the latter was certainly purer in his 
taste than the former. Borromini, whose example in his art was followed throughout 
Europe, and who, even in the present day, has his returning admirers, was the father of all 
modern abuses in architecture ; and the reader must on no account confound his works with 
those of the Roman school, which had ceased nearly half a century before the native of 
Bissona had begun to practise. He inverted the whole system of Greek and Roman 
architecture, without replacing it by a substitute. He saw that its leading forms, sprung 
from a primitive type, were, by an imitation more or less rigorous, subjected to the prin- 
ciples of the model from which its order and arrangement emanated. He formed the 
project of annihilating all idea of a model, all principles of imitation, all plea for order and 
proportion. For the restriction in the art resultant from the happy fiction, or perhaps 
reality of a type, one whose tendency was to restrain it within the bounds of reason, he 
substituted the anarchy of imagination and fancy, and an unlimited flight into all species of 
caprice. Undulating flexibility supplanted all regularity of form ; contours of the most 
grotesque description succeeded to right lines ; the severe architrave and entablature were 
bent to keep up the strange delusion ; all species of curves were adopted in his operations, 
and the angles of his buildings were perplexed with an infinite number of breaks. What 
makes this pretended system of novelty more absurd is (and we are glad to have the oppor- 
tunity here of observing that the remarks we are making are applicable to the present 
fashionable folly of decorating rooms d la Louis XIV. and XV.)y that its only novelty was 
the disorder it introduced, for Borromini did not invent a single form. He was not scru- 
pulous in retaining all the parts which were indicated by imitating the type ; he decom- 
posed some, transposed others, and usually employed each member in a situation directly 
the reverse of its proper place, and, indeed, just where it never would be naturally placed. 
Thuk, for example-, to a part or ornament naturally weak, he would assign the oflice of 
supporting some great weight ; whilst to one actually capable of receiving a great load, he 
would assign no office whatever. With him every thing seems to have gone by contraries; 
and to give truth the app^rance of fiction, and the converse, seems to have been his greatest 
delight. Out of all this arose a constant necessity for contrivance, which marked Borromini 
as a skilful constructor, in which respect he attained to an extraordinary degree of intelli- 
gence. It seems, however, not improbable that one of his great objects in studying con- 
struction was, that he might have greater facility in carrying his curious conceits into 
execution ; for it may be taken almost as an axiom in architecture, so great is the relation 
between them, that simple forms and solid construction are almost inseparable ; and it is 
only nece^ary to have recourse to extraordinary expedients in construction when our pro- 
ductions result from an unrestrained imagination. Further notice of this architect is not 
necessary ; one of his most celebrated works is the restoration of the church of St. 
Giovanni Liaterano, — after St. Peter’s, the greatest in Rome. His purest work is the 
church of St. Agnese ; whilst that of St. Carlo alle quattro fontane, which we have here- 
tofore noticed, is the most bizarre. Borromini died in 1667. 

348. Bernini, the other artist whom we have mentioned, was equally painter, sculptor, 



146 


HISTORY OF ARCHITECTURE. 


Book I. 


and architect ; his principal work is the colonnade in front of St. Peter’s. He was, notwith- 
standing the abuses to be found in his works, a man of great talent. In their general 
arrangement his buildings ^e good and harmonious ; his profiles are graceful ; his orna- 
ments, though sometimes profuse, are usually elegant. Bernini, however, was no check 
upon the pernicious character of his cotemporary Borromini ; instead, indeed, of relieving 
architecture of some of her abuses, he encumbered her with fresh ones. He was also fond 
of broken pediments, and of placing them in improper situations. He employed undulations, 
projections innumerable, and intermixtures of right lines with curves ; for beautiful simplicity 
he substituted elegant fancy ; and is to be imitated or admired by the student no farther 
than he followed nature and reason. He made some designs for the Louvre at Paris, which 
are exceedingly good. His death occurred in 1680. 

349. - 3. The Venetian School is characterised by its lightness and elegance; by the con- 
venient distribution it displays ; and by the abundant, perhaps exuberant, use of columns, 
pilasters, and arcades, which enter into its composition. Like its sister school of painting, 
its address is more to the senses than is the case with those we have just quitted. We 
have already given an account of the church of St. Mark, in the 12th century; from 
which period, as the republic rose into importance by its arms and commerce, its arts were 
destined to an equally brilliant career. The possession in its provinces of some fine monu- 
ments of antiquity, as well as its early acquaintance with Greece, would, of course, work 
beneficially for the advancement of its arcliitecture. That species of luxury, the natural 
result of^ desire on the part of individuals to perpetuate their names through the medium 
of their habitations, though not productive of works on a grand or monumental scale, leads, 
in a democracy (as were the states of Venice), to a very general display of moderately 
splendid and elegant palaces. Hence the extraordinary number of specimens of the 
building art supplied by the Venetian school. 

350. San Micheli, who was born in H84, may, with propriety, be called its founder. 
Having visited Rome at the early age of sixteen for the purpose of studying its ancient 
monuments of art, and having in that city found much employment, he, after many years 
of absence, returned to his native country. The mode in which he combined pure and 
beautiful architecture with the requisites called for in fortifications may be seen displayed 
to great advantage at Verona, in which city the Porta dell Pallh is an instance of his 
wonderful ingenuity and taste. But his most admired works are his palaces at Verona ; 
though, perhaps, that of the Grimani family at Venice is his most magnificent production. 
The general style of composition, very different from that of the palaces of Florence and 
Rome, is marked by the use of a basement of rustic work, wherefrom an order rises, often with 
arched windows, in whicli he greatly delighted, and these were connected with the order after 
the manner of an arcade, the wliole being crowned with the proper entablature. As an 
example, we give, in fig. 171., the facade of the Pompei palace at Verona, The genius of 
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San Micheli was of the very highest order ; his works are as conspicuous for excellent con- 
struction as they are for convenience, ffhity, harmony, and simplicity, which threw into 
shade the minor abuses occasionally found in them. If he had no other testimony, it would 
be sufficient to say, that for his talents he was held in great esteem by Michael Angelo ; 
and our advice to the student would be to study his works with diligence. San Micheli 
devoted himself with great ardour to the practice of military architecture ; and though the 
invention was not for a long time afterwards assigned to him, he was the author of the 
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system u^d by Vauban and his school, who, for a long period, deprived him of the credit of it. 
Before him all the ramparts of a fortification were round or square. He introduced a new 
method, inventing the triangular and pentangular bastion, with plain fosses, flanks, and 
square base^ which doubled the support ; he moreover not only flanked the curtain, hut 
all the fosse to the next bastion, the covered way, and glacis. The mystery of this art 
consisted in defending every part of the inclosure by the flank of a bastion ; hence, 
making it round or square, the front of it, that is, the space which remains in the triangle, 
which was before undefended, was by San Micheli provided against. We cannot, 
however, further proceed on this subject, which belongs to military, which at that period 
was intimately connected with civil architecture. The Porta del Pallio at Verona has 
been mentioned ; that city, however, contains another gate of great architectural merit by this 
master, the Porta Nuooa, a square edifice, supported within by a number of piers of stone, 
with enclosure or apartments for the guards, artillery, &c. The proportions, as a whole! 
are pleasing ; it is of the Doric order, devoid of all extraneous ornament, solid, strong, and 
suitable to the purposes of the building. Except in the middle gate and the architectural 
parts, the work is rusticated. The exterior facade stands on a wall, with two large pyra- 
midal pilasters of marble rising from the bottom of the fosse ; at the top are two round 
enclosures approaching almost to towers. In the interior, to the two gates near the angles 
are two corresponding long passages, vaulted, leading to a number of subterraneous galleries 
and rooms. For beauty, however, we do not think this gate so beautiful as that of del Pallio, 
which we here give (/j. 172.). But the gem of this great master is the little circular 
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chapel at San Bernardino, whose beauty, we think, has scarcely ever been surpassed, and 
which exhibits, in a striking degree, the early perfection of the Venetian school. It was not 
finished under San Micheli, and blemishes are to be found in it ; it is nevertheless an exqui- 
site production, and, in a surprisingly small space, exhibits a refinement which elsewhere we 
scarcely know equalled. The works which he designed surpass, we believe, in number 
those of all the masters of Italy, Palladio, perhaps, excepted. He gave a tone to his art 
in the Venetian states, which endured for a considerable period. His death occurred in 
1549. 

351. Contemporary with San Micheli, was another extraordinary genius of this school, 
born at Florence, — Jacopo Tatti by name, but more usually called Sansovino, from the 
country of his master, Andrea Contucci di Monte Sansovino. Such was the respect for 
this artist in Venice, his adopted city, that at a moment when it became necessary to raise 
by means of taxation a large sum on the citizens, the senate made a special exemption in 
favour of him and Titian. The Roman school might lay claim to him, if the works he 
executed at Rome, and not his style, would justify it ; but that is so marked, so tinctured 
with the system of arcades with orders, its distinguishing feature, that an inspection of 
hb works will immediately satisfy even a superficial observer. He was a great master of 
his art ; and though he does not in so great a degree appear to have profited by the ex- 
amples of antiquity as the architect last named, he has left behind buildings, which, for 
picturesque effect, leave him little inferior in our rating. He was the architect of the 
library of St. Mark at Venice, a portion whereof is given in Jig. 173. ; a building of 
noble d^ign, notwithstanding the improprieties with which it is replete. It consists of 
two orders ; the lower one of higlUy ornamented Doric, and the upper one Ionic and very 
graceful in effect. Of both these orders, as will be seen in the figure, the entablatures are 
of inordinate comparative height. The upper one was expressly so set out for the purpose 
of exhibiting the beautiful sculptures with which it is decorated. The cornice is crowned 
with a balustrade, on whose piers statues were placed by the ablest scholars of Sansovino. 
A portico occupies the ground floor, which is raised three steps from the level of the 
piazza. This portico consists of twenty-one arcades, whose piers are decorated with 
columns. In the interior are arches corresponding to the external ones, sixteen whereof, 
with their internal apartments, are appropriated for shops. Opposite the centre arch is a 
magnificent staircase leading to the hall, bevond which is the library of St. Mark. The 
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. feultsofthis building, which are 

d k very many, are lost in its grace 

I I and elegance, and it is perhaps 

1 I the chef d’oeuvre of the master. 

I A. A I Whilst Sansovino was engaged 

I & » ^ n A on it he propounded an archi- 

tectural problem, which re- 
Cli minds us very much of the egg 

j |i y T yix of Columbus : “ How can the 

exact half of a metope be so 
contrived as to stand on the 
p '' .rif^L' • ■■■•• '• * external angle of the Doric 

frieze ? ” The solution, clumsy 
as that of the navigator with 
his egg, practised in this build* 
ing, is, however, a bungling 
absurdity ; namely, that of 
lengthening the frieze just so 
much as is necessary to make 
•1,. out the deficiency. ^ Sansovino 

which tended to the advance- 
ment of the art in that coun- 
> try. On his return he built 

the Zecca, or mint, one of his 
finest works. Another of his 
extraordinary productions is 
the palace of the Comari, on the 
Grand Canal at San Maurizio. 

FiK.173. ..BEARvoKST.KARit. church of SuH Fantino, 

among the finest of Venice, is also by him ; as is that of San Martino and many others. 
Jacopo was fertile in invention : his architecture was full of grace and elegance ; but he 
was deficient in a thorough knowledge of construction, which, in the library of St. Mark, 
brought him into disgrace, of which, from all accounts, the builders ought to have suffered 
the principal share. He continually introduced the orders, and especially the Doric and 
Composite. The members of his entablatures were much sculptured ; but bis ornaments 
were extremely suitable and correct. In statues and bassi relievi he greatly indulged, thereby 
adding considerably to the effect and majesty of his buildings. Scamozzi mentions a 
work by him on the construction of floors, and particularly describes a method adopted 
by him for preventing dust falling through the joints of the boards. The work has been 
lost. Sansovino died in 1570. 

352. After such artists as San Micbeli and Sansovino, it would have seemed to an ordinary 
mind difficult to have invented new forms, or rather so to have modified the old ones as to 
be original. Andrea Palladio, however, not only knew how to be original, but to leave his 
works as models for the countries of Europe, in which the style which bears his name has 
had no rival ; so true is it, in all the arts, that there is always room to be found for a man 
on whom nature has bestowed the faculty of seeing, feeling, and thinking for himself In 
the case of the architect something more than genius is necessary: it is requisite that cir- 
cumstances should exist by which his art may be developed, or, in other words, that what 
he is capable of producing may at the time be suitable to the wants of society. Such 
circumstances existed for a long period in Italy, where, up to the time at which we are 
arrived, the rich and great had been contending with the governments which should be 
the greatest patrons of the art. Hence sprung the multitude of extraordinary works in 
the country named, which still point out the greatness in art at which it had arrived, when 
it was one of the really necessary arts. Neither in the Venetian states, nor at the time 
when he rose into reputation, which was about the middle of the sixteenth century, had 
Palladio that opportunity of signalising himself which had occurred to many former 
masters. Venice had risen into power and wealth by its arms and commerce ; was tlie ‘ 
natural protectrix of the art ; and although the works she required were not on scales of 
the grandest dimensions, yet those which her citizens required kept pace in luxury with the 
incmasing wealth of the families by whom they were required. This was the career open 
to the genius of Palladio. Architecture in these states was not called upon to furnish 
churches of colossal dimensions, nor palaces for sovereigns, nor immense public monu- 
ments left for posterity to finish. 'Hie {mlitical state of the country, very luckily for 
his talents, furnished a numerous class of citizens who contended which should procure for 
himself the aid of this great man in rearing a villa or palace, and which might serve the 
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double purpose of a present dwelling for, and a future memorial of, his family, — a passion 
that covered the banks of the Brenta with edifices which, of their class, form a complete 
school of civil architecture. 

353. The taste of Palladio was tempered by the care he bestowed on accommodating ex- 
terior beauty to interior convenience, and by suiting the art to the wants of persons with 
moderate means, through the medium of greatness without great dimensions, and richness 
of effect without great outlay. In the imitation, or rather appropriation, of the architecture 
of the ancients, none of his predecessors of any of the schools had so luckily hit on that just 
medium of exactness without pedantry, of severity without harshness, of liberty without 
licentiousness, which have since made the architecture of ancient Greece popular, and so 
modified it as to be practicable and convenient in all countries. W e here speak, of course, 
of the elements, and not the combinations, of Greek art, and of it chang^ by a passage 
through an intermediate state during the existence of the Roman empire. No architect can 
consider himself thoroughly educated who has not studied the works of Palladio. “ De 
fait,” says De Quincy, in his Life of this architect, “ il n'est point d*architecte qui, apres 
avoir forme ou reforme son style sur ies grands modelcs de Tart des anciens, et des premiers 
maitres de ITtalie modeme, ne se croie pas oblige d*aller encore etudier dans la patrie et 
les oeuvres de Palladio, un genre d’applications plus usuelles, et plus en rapport avec I’etat 
de nos raoeurs j c’est-a-dire, le secret d’accommoder toor-a-tour, et nos besoins aux plaisirs 
d’une belle architecture, et I’agrement de celle-ci aux sujetions que de nouveaux besoins 
lui imposent.” It was from the peculiar properties of Palladio’s taste and style, suited as 
they are to more moderate fortunes, that they found in England a secona native country 
(if such an expression may be allowed), where Inigo Jones, Wren, Gibbs, Taylor, Cham- 
bers, and many others, have naturalised the plans, facades, distribution, and details which 
were originally planted in the provinces of the Venetian republic. Indeed, the style of 
Palladio could not be prevented from spreading through Europe, as a mean between 
the severe use of ancient forms and the licentious style of those who reject all rules 
whatever. The buildings by him exhibit great good sense, simple means of accom- 
plishing the end, a satisfactory agreement between the demands of necessity and pleasure, 
and such an harmony between tliem that it is hard to determine which has submitted to 
the other. The interior distribution of his palaces and villas in respect of plan would, 
without considerable modification, be but ill suited to modern habits. We give, in fig, 174. 
(see next page\ a plan and elevation of the Villa Capra, one of his most celebrated works of 
that class. Convenience changes as the mode of life varies ; indeed, except in a private build- 
ing of large extent, the large quadrangular court of the houses of Italy is here unknown. 
Palladio’s plans, however, were convenient to those for whom they were executed ; and in 
that way they must be judged. With his eyes constantly turned to the practice and detail 
of the ancients, he acquired a bold, simple,and agreeable style ; and, his churches excepted, 
the beauties of the master are to be sought in his facades, and the quadrangles of his palaces. 
Pedestals, either with panels or raisings, were always avoided by him ; his architraves were 
rarely sculptured ; and the upper ornaments of his entablatures were always carefully 
centred above each other. His doors, windows, and niches are composed with great 
simplicity ; and pediments, when used, are unbroken. In the members of his cornices he 
never lost sight of the character of the order employed, and was extremely particular in 
duly adjusting its profiles. He, however, did not scruple to vary the proportions of an 
order according to the nature of the building to which it was applied; and in the propor- 
tions of his churches and apartments he seems to have delighted, as afterwards did Sir 
Christopher Wren, in arithmetical, geometrical, and harmonic proportions. Though ex- 
tremely partial to the use of the Ionic order, yet the others were not unfrequently used by 
him. His Corinthian capital is not to be praised ; it is profiled very clumsily, and ought 
not to be followed. The domes which he erected are almost invariably hemispherical. 
It is not to be supposed that bis buildings are perfect, though they approach perfection ; 
but it is more than probable that many of the abuses we see in them arose either from 
want of sufficient superintendence, the number he designed being very great, or that they 
were introduced after his death. This, we think, may be safely assumed, because the 
instructions in his work on architecture are very peremptory on the subject of abuses. 
So well based upon the practice of the ancients does the style of our master appear to be, that 
it is, with but few modifications, suited to all nations, and just such as the ancients themselves 
would have adopted. “ X.es fermes,” observes Le Grand in his parallele, “ que dirigeait 
Palladio et qu’il couvrait de tuiles on d’un chaume rustique, I’emportent de beaucoup sur 
les palais somptueux de Borromini, ou sur les rich^ et bizarres productions de Guarino 
Guarini.” Certain, indeed, it is that simplicity, unity, and style are more powerful means 
of producing grandeur, than great volume or large masses unskilfully handled. A fine in- 
stance of this is seen in the fa 9 ade of the Thiene palace at Vicenza, ^5^.175. {See next page.) 

354. The number of palaces and villas with which Palladio enriched the Venetian and 
Vicentine territories is almc^t incredible ; the variety of plan and elevation in them seems 
as inexhaustible as their number. To the building above referred to may be added the 
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Carita at Venice, which is a lovely specimen of his style. His grandest church is that Del 
Redentore at Venice. Generally in the fa9ades of his churches there are abuses, whereof it is 
scarcely credible he would have been guilty ; such are the two half pediments in the church 
we have just mentioned. The theatre built upon the ancient model for the Olympic 
Academy at Vicenza gained great reputation for him. Palladio died in 1580. 

355. The last architect of the Venetian school who obtained celebrity was Vincenzo 
Scamozzi. The son of an architect, and born in a country which had become the nursery 
of the art, his powers were exhibited at an early age. Like Palladio and other great 
masters, he selected for his principal guides the antiquities of the Eternal City, and the 
precepts of Vitruvius, whose work at that period was considered of high importance, as in 
truth it really was. There is no doubt that Scamozzi was much indebted to the works 
of Palladio, although he affected occasionally to decry them ; but, in opposition to De 
Quincy, we think that his style is more founded on that of San Micheli or Sansovino, 
'rhis is, however, of little Importance ; for his natural talents were of a very high order. 
At a very early period of his career, so great was his reputation that he was employed by 
the canons of San Salvadore in opening the lantern to the cupola of their church ; a task in 
which it appears that he acquitted himself with great ability. For the upper order of the 
Procurazie Nuove at Venice he has often been unjustly reproached, because he did not 
confine himself to two stories, so as to complete the design of Sansovino. The design of 
Scamozzi, had it been continued in the Piazza San IVlarco, would have placed in the back 
gi'ound every other piazza in Europe. The two lower stories of the Procurazie Nuove 
are similar in design to the Library of S. Marco; and it is greatly to be regretted that 
Scamozzi was so much otherwise occupied that he had not the opportunity of watching 
the whole of its execution, which would have extended to thirty arcades, whose whole 
length would have been 426 feet. Scamozzi only superintended the first thirteeen ; the 
three built by Sansovino excepted, the rest were trusted to the care of builders rather than 
artists, and, from the little attention bestowed upon preserving the profiles, exhibit a neg- 
ligence which indicates a decline in the arts at Venice. Scamozzi is placed in the first 
rank as an architect by his design for the cathedral at Saltzburg, whither he was invited by 
the archbishop of the see. This church, which was not completed till after his death in 
1616, is 454 ft. long, and 329 ft. wide, being in the form of a l.atin cross on the plan, over 
whose centre a cupola rises. The distribution of the interior is with a nave and two side 
aisles ; the former whereof is 64 ft. wide, and 107 ft. high. Scamozzi’s employment 
was very extended, and his country has to lament it ; for fewer commissions would have 
insured greater perfection in their execution, which, in those that exist, is often unworthy 
of the name of the master. Scamozzi published a work on the art, which will be found in 
our Ikt of authors at the end of this work. He died in 1616. 

356. Besides Giovanni da Ponte and Alessandro Vittoria, the Venetian school contains the 
names of few more than those we have named : they appear to have commanded the whole 
of the employ of the states and neighbourhood of Venice for a period of about 110 years, 
ending in 1616. When, however, it no longer continued to grow and flourish in its native 
soil, its scions, grafted throughout Europe, spreading their branches in every country, 
prospered wherever they appeared. On the former of the two architects just named, a few 
observations are necessary. He died in 1597, at the age of eighty■.fi^e years. Principally 
occupied in the reparation and re-establishment of the buildings of the city that had fallen 
into decay, he was nevertheless engaged on some considerable works; among which was 
the great hall of the arsenal at Venice, 986 feet long, and the more celebrated work of the 
Rialto Bridge, whence he obtmned the sobriquet Da Ponte^ and for the execution whereof 
he competed with Palladio and Scamozzi. The span of the single arch of which the work 
consists is about 72 ft., and the thickness of the arch stones about 4 ft. 4 in. It is seg-> 
mental, and the height ftom the level of the water is about 22 ft. 9 in. The width of the 
bridge is equal to the span of the arch, and this width is divided longitudinally into five 
divisions, that is, into three streets or passages, and two rows of shops. The middle street 
or passage is 21 ft. 8 in. wide, and the two side ones near lift. The number of shops on 
it is twenty-four. The last work of Da Ponte was the construction of the prisons away 
from the ducal palace. This edifice is a quadrilateral building, with a portico of seven 
arcades. A story rises out of it pierced by seven great windows decorated with pediments, 
and it is joined to the pal^e by the bridge so well known under the name of 11 Ponte dei 
Sospiri. The work was not carried to completion during Giovanni’s life, but was finished 
by ha nephew Contino. In his church on the Grand Canal, constructed for the nuns of 
^nta Croce, there is little merit except that of solidity ; indeed, he does not appear to 
have pcasessed much taste, as may be inferred from the two ranks of columns in the hall of 
the arsenal above mentioned, which cannot be said to belong to any of the species of co- 
lunms usually employed. The solid character of the great prison is appropriate, and more 
in consonance with the rules of the art. 
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FRENCH A&CUITECTUBE. 

357. The architecture of Europe from the middle of the sixteenth century was founded 
on that of Italy. Of its value, the French and the English seem to have a stronger per- 
ception than the rest of the nations. We shall therefore now consider the architecture of 
Prance : that of England from a much earlier date will be separately considered in the 
succeeding chapter. Philibert Delorme was among the first of the architects of France 
who promoted a taste for good architecture; and though in some respects he may have been 
surpassed by other artists of his time, in others, whether connected with theory or practice, 
he has left his rivals a great distance behind him. Although he might not have had the 
purity of detail of Jean Bullant, nor the richness of invention and execution of P. Lescot, 
he has acquired by his talent in construction a reputation which has survived his buildings. 
The Queen Catherine of Medicis having resolved upon the construction of a palace at Paris, 
which should far surpass all that had previously been done in France, resolved upon placing 
it on a spot then occupied by some tile kilns (Tuileries) in the faubourg St. Honore, and 
committed the design and erection to Delorme. It is, however, contended by some that 
Jean Bullant was joined with him in the commission. If that was really the case, it is 
probable that the labours of the latter were confined to details of ornament and execution, 
rather Uian to the general design and disposition. What, if it was so, belonged to each 
is not now to be discovered ; but the genius of Delorme has survived all the revolutions 
the celebrated building in question has undergone. Catherine seems not to have been 
satisfied with the works ; for she appears to have begun another palace on the site of the 
Hotel Soissons, that of the present Halle au Bleds, and to have entrusted this to the care of 
Jean Bullant. That of the Tuileries was in the end continued by Heivi IV.; enlarged by 
Louis XIII. on the same line, after the designs of Du Cerceau,with two main b^es and two 
composite pavilions; all which were in the time of Louis XIV. afterwards brought 
together by the designs of Leveau and Dorbay. In the centre pavilion all that now 
remains of Delorme’s work is the lower order of Ionic columns. This morsel of Delorme 
exhibits a good Ionic profile in the order, and is one of his best works. Generally speaking, 
the profiles of this master, which Chambral has admitted into his ParaUile, make one ac- 
knowledge the justice of that author’s observation, that he had ‘‘ un peu trop vu les plus 
belles choses de Rome, avec desyeux encore pr6occup4s du style Gothique. Le talent de 
cet architecte consistait principalement dans la conduite d’un batiment, et de vrai il ^tait 
plus consomme en la connalssance et la coupe des pierres que dans la composition des 
ordres ; aussi en a-t-il 4crit plus utilement et bien plus au long.” Delorme was the 
author of two works on architecture: one, Uh Traite complete de V Art de Bdtir, on architecture 
generally; the other, Nouvelles Inventions pour bien hdtir et d petitsfraU. The last relates 
more especially to a practice in carpentry, which, on the Continent, has been put into 
execution with great success, its principle being still constantly applied. The method 
of carpentry invented by Delorme, and which still goes in France by his name, consists in 
substituting for the ordinary system of framing and rafters curved ribs, in two thicknesses, 
of any sort of timber, three or four feet long, and one foot wide, of an inch in thickness, and 
which are connected in section and tie according to the form of the curve, whether pointed, 
semicircular, or segmental. These arches, in order to be strong and solid, should be fixed 
at their feet on plates of timber framed together, lying very level on the external walls ; 
and the planks which are to form the principal curve are to be placed accurately upright 
on their ends, in which situation they may be kept by braces morticed into them at con- 
venient distances, and retained in their places by wedges, for it is essential to the stren'^th 
of this species of carpentry that it should be kept in a vertical position. In this country 
the species of carpentry just mentioned has never been practised to the extent it deserves. 
Delorme died in 1570. With him was cotemporary Jean Bullant, whose name has been 
just mentioned, and who, whilst San Gallo was occupied on the Palazzo Famese, was 
raising the Chateau d’Ecouen, in which the prelude to good taste is manifest, and in whose 
details are exhibited the work of an architect very far advanced above his time, and capable 
of raising the art to a much higher pitch of excellence than it enjoyed, had not the habits 
of the nation restrained him in his useful course. A considerable portion of the fa 9 ade of 
the Tuileries towards the Carousel is suspected to have been the work of Bullant ; but the 
chateau of Ecouen, built, or rather begun, about 15*10, for the constable Montmorency, was 
almost the first step to the establishment of pure architecture in France, and its architect 
may fairly be named the Inigo Jones of the French, 

358. By the wars in Italy under Charles VIII., Louis XII., and Francis I., the French 
had become intimately acquainted with the architecture of Italy, and the taste of the 
monarch last named induced him to bring from that coimtry some of their most celebrated 
artists; so that in France there was almost a colony of them. Among them, fortunately 
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for the quicker working of good taste, was the celebrated Vignola, who resided in France 
many years ; a circumstance which may, with some probability, account for the high esteem 
in which that great master’s profiles have always been held, and indeed in which they are 
still held there, though, generally speaking, the French have invariably been more attached 
in tfteir practice to the Venetian than to the Homan school. Serlio, another Italian archi- 
tect of note, was employed in the country by Francis, and actually died at Fontainebleau. 
At the period whereof we are now treating there appears to have been a number of able 
artists ; for to Delorme and Bullant must be added Lescot, who, with Jean Gougeon as his 
sculptor, was many years employed upon the building usually called the Fieux Louvre^ 
to distinguish it hrom the subsequent additions which have quadrupled the original project 
of Lescot. To judge of the works of the French architects of this period, a relative, and 
not an abstract view, must be taken of them ; relative, we mean, to the general cultivation of 
the arts when any individual artist appears. In this respect Lescot’s works at the Louvre are 
entitled to the greatest praise ; and from the examples he as well as Bullant and Gougeon 
afforded, it might have been expected that pure architecture would have proceeded with- 
out check until it reached a point as high as that to which it had been carried in Italy. 
Such was not, however, to be the case. Mary de Medicis, during her regency, having de- 
termined on building the Luxembourg palace, was anxious to have it designed in the style 
of the palaces of Florence, her native city. Jacqu^ de Brosse, her architect, was therefore 
compelled to adopt the character required : his prototype seems to have been the Pitti 
palace, and his version of it is a failure. The gigantic palaces of Florence well enough }>ear 
out against the rustic and embossed work employed upon them ; but when their scale is re- 
duced, the employment of massive parts requires great caution. The palace, however, of the 
Luxembourg became a model for the fashion of the day, and produced an intermediate style, 
which lasted many years in France, and arrested the arrival at perfection whereof the a^ve 
work of Bullant and others had opened a fair prospect. De Brosse was an able artist, and 
his design for the facade of St. Gervais of three orders is, under the circumstances, entitled 
to our praise. This architect acquired much honour by the aqueduct of Arcueil, the com- 
pletion whereof, in 1624, it is supposed he did not long survive. 

359. Under Louis XIV. the art remained for the most part io the intermediate state 
just noticed ; and yet that monarch and his minister Colbert lost no opportunity of em- 
beUisbing the kingdom with its productions. He employed Bernini to make designs for 
the palace of the Louvre; and for that purpose induced the artist to visit France? where he 
was received with the highest respect. He left a design for a fagade of the building in 
question, which, though in a corrupt style, exhibits nevertheless marks of grandeur and 
magnificence wliich would have been worthy of the monarch. Bernini, disgusted, as he 
alleged, with the workmen of Paris, depart^ from the country without leaving any ex- 
ample of his architectural powers. That he did so France has no reason to lament, since it 
gave Perrault the opportunity of ornamenting the capital with one of the most splendid monu- 
ments of the art which Europe can boast. To Perrault is the credit due of having given 
an impulse to French architecture it has never lost, and of having changed the heavy style 
of his time into the light and agreeable forms of the Venetian school. The beauties of the 
fa9ade of the Louvre (yf^, 176. ) are so many and great that its defects are forgotten. The 
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proportions are so exquisite, that the eye cannot rest on the coupled columns and the arch 
of the principal gate rising into the story of the colonnade. The original profession of 
Perrault was that of medicine, which, however, he only exercised for the benefit of his 
friends and the poor ; hence the design he made with others in competition for the above 
work having been successhil, he was associated for its execution with Louis le Veau, the 
king's principal architect. From the variety of sciences in which Perrault excelled, it is 
not probable that the assistance of a practical architect was actually necessary ; indeed the 
four volumes which he published under the title Essais de Physique, and the collection of 
machines for raising and removing great weights, which he also published, show that he 
was, without assistance, quite competent to the charge which was committed to him with 
others. He built the observatory at Paris, possessing an originality of character 
which Milizia says is very conformable to its purpose. But however suitable it may have 
been considered at the time of its erection, and it cannot be denied there is a fine masculine 
character about it, it is for its purpose in the present age altogether ill adapted for the ob- 
• jects of astronomy. Perrault died in 1688. Cotemporary with him was Le Mercier, the 
architect of the church de I’Oratoire, in the Rue St. Honor4. Le Mercier died, however, 
in 1 660 ; eight and twenty years, therefore, before the decease of Perrault. Among the 
architects wh<»e practice was exceedingly extended was Jules Hardouin Mansart, the 
architect of Versailles, and the especial favourite of Louis XIV. He was principally em- 
ployed between the years 1675 and his death in 1708. His ability, as Milizia observes, 
was not equal to the size of his edifices ; though it is hardly fmr for that author to have 
made such an observation on the architect of the cupola of the Invalides at Paris. Of this 
church and dome De Quincy has most truly stated, that though nothing that can be called 
classic is to be noticed about it, yet it contains nothing in dissonance with the principles of 
the art. It is a whole in which richness and elegance are combined ; in which lightness 
and solidity are well balanced ; in which unity is not injured by variety ; and whose general 
effect silences the critic, however he may be disposed to find fault. In Versailles, the taste 
which we have above noticed as introduced by De Brosse is prevalent ; but the interior 
of the chapel displays to great advantage the great genius of Mansart, and that he was not 
incapable of the most refined elegance. 

360. Jacques Ange Gabriel was the relation and worthy pupil of Mansart. The colon- 
nades to the Garde Meuble in the Place Louis XV. (now the Place de la Concorde) exhibit 
a style which, with the only exception of Perrault’s fa 9 ade of the Louvre, not all the 
patronage of Louis XIV. was capable of eliciting. To Gabriel almost, if not perhaps as 
much as to Perrault, the nation is under a debt of gratitude for the confirmation of good 
taste in France. He has been accused of pirating the Louvre ; but reflection and com- 
parison will show that there is no real ground for such an accusation. The difference be- 
tween the two works is extremely wide. TTie basement of Perrault is a wall pierced with 
windows ; that of Gabriel is an arcade : in the upper stories the columns are not coupled, 
which U the case at the Louvre. From these circumstances alone the character of the two 
works is so different, that it is quite unnecessary to enter into other detml. Architecture 
in France at this period, the commencement of the eighteenth century, was in a palmy 
state, and has never before or since risen to higher excellence ; though the French are still, 
from the superior method of cultivating the art there, and the great encouragement it re- 
ceives, the first architects in Europe. The great extent of the Place Louis XV. (744 ft. 
long, and 522 broad) is injurious to the effect of the Garde Meuble, which, as the reader 
will recollect, is rather two palaces than one. Its basement is perhaps, speaking without 
reference to the vast area in front of it, too high, and the intercolumniations too wide, for 
the order (Corinthian) employed j but it is easier to find feult than to do equally well ; and 
we cannot leave the subject without a declaration that we never pass away from its beauties 
without a wish to return and contemplate their extreme elegance. They are to us of that 
class to which Cicero’s expression may be well applied : “ pernoctant nobiscura, peregri- 
nantur.” Gabriel died in 1742. Antoine, the architect of the Mint at Paris, was another of 
the choice spirits of the period : he continued the refined style whereof we are speaking ; 
and though the age of Louis XV. was not destined to witness the erection of such stupendous 
edifices as that of Ixiuis le Grand, it displayed a purer and far better taste. This architect 
was the first who employed in his country the Grecian Doric, which had then become known, 
though not perfectly, by the work of Le Rxiy. Antoine used it at V Hospice de la Charite ; 
and De Quincy cites it as a circumstance which called forth the approbation of people of 
taste, and observes that the attempt would have attracted more followers, if, instead of exciting 
the emulation of architects in the study of it and its judicious application to monuments, to 
which the character of the order is suitable, foshion had not applied it to the most vulgar 
and insignificant purposes. Antoine lived into the present century, having died in 1801, at 
the age of 68. 

361. Loub XV., during a dangerous illness at Metz, is reported to have made a vow 
which led to the erection of the celebrated church of St. Genevieve, or, as it has since been 
called, the Pantheon; the largest modem church in France, and second to none in simplicity, 
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elegance, and variety. Another cause may, however, with as much probability, be assigned ; 
the inadequacy of accommodation for the religious wants of the population, and especially 
of that appertaining to the patroness Saint of Paris. Many projects had been presented 
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for the purpose, but that of Soufflot received the preference. This talented artist, who was 
born in 1713, at Irancy near Auxerre, after passing some time in Italy, had been settled at 
Lyons, and there met with considerable and deserved employment. In that city the great 
hospital bad deservedly brought him into notice, for his knowledge in providing against the 
miseries of mankind, not less than had his beautiful theatre for providing for its pleasures. 
The plan {-jig. 1 77.) the Pantheon (so it is now usually called) is a species of Greek cross. 
The interior is divided transversely into two equal parts on each side, and a central one 
much larger, by isolated columns, instead of the plans previously in use of arcades decorated 
with pilasters. It is, however, strictly, in its internal as well as external character, to be 
classed as belonging to the Venetian school. Its west front and transverse section are 
given in fig. 178. The light effect, which is so striking in the interior, produced by the 
employment of columns instead of the old system of arcades, is extremely pleasing, though, 
as has often been truly urged, they have no office to perform. Objections, moreover, have 
been taken to the wide intercolumniations of the portico, and to some other parts, which 
here it is unnecessary to particularise. It is, notwithstanding all that has been written 
against it, most certainly entitled to take the fourth place of the modern great churches in 
Europe; which are, Santa Maria del Fiore at Flor^ce, St. Peter’s at Rome, St. Paul’s at 
London, and then the church in question. Its greatest fault is instability about the piers 
of the cupola, — the old fault, from which not one is altogether free, and one which gave 
Soufflot so much uneasiness that it is said to have hastened his death. This failure was 
afterwards rectified by bis celebrated pupil Rondelet, who, with consummate skill, imparted 
perfect and lasting security to the edifice. 

362. We ought perhaps before to have mentioned the name of Servandoni, as eminently 
induencing, in his day, the taste of Paris, which, as the world knows, is that of France. A 
Florentine by birth, and a scholar of the celebrated Pannini, he, in 1731, exhibited a model 
for the fa9ade of St. Sulpice ; and after a year’s probation before the public, it was adopted. 
On an extended front of 196 ft. he succeeded in imparting to it, as a whole, an air of great 
majesty, and of giving to the church a porch of vast extent without injury to the general 
effect. Servandoni was very extensively employed : his style was that of the Venetian 
school; and his death occurred in 1766. 

363. To write an history of the modem architecture of France, and at the same time to 
do its professors justice, would require a much larger volume than that under our pen : 
we profess to give no more than a bird’s-eye view of it, so as to bring the reader generally 
acquainted with its progress; and it is not without much regret that we propose closing our 
account of it in the person of Jacques Gondouin, who died at Paris in 1818, at the age of 
eighty-one; an architect whose veneration for the works of Palladio was so unbounded, that 
for the study of them exclusively he performed a second journey into Italy r a strange 
infatuation in a man of great acquirements, if the opinions of some of our anonymous 
critics are of any value. When Gondouin was employed, the heavy style of Louis XIV. had 
passed away, and the suitable and elegant style of the Venetian school had been adopted. 
The pupils of Blondel, among whom he was eminent, were stimulated by the patronage of 
the whole capital ; and even in the present day, so far capable are its inhabitants of appre- 
ciating the merits of an architect, regret as we may to record it, that it is from that circum - 
stance alone likely to maintain its superiority over all others in Europe. The most celebrated 
work of Gondouin is the Ecole de Medecine, whose amphitheatre for lectures, capable of 
holding 1200 persoi^, is a model for all buildings of it.s class, without at all entering on 
the great merits of the other parts of the building. He was one of those upon whom the 
effects of the French Revolution fell with particular force, though, upon the re-establish- 
ment of order, he in some measure recovered bis station in society. He was entrusted with 
the erection of the column in the Place Vendome, but merely as respected its preparation for 
the sculpture. 

464. In Paris is to be found some of the most beautiful street architecture in Europe. 
That of Rome and Florence is certainly of a very high class, and exhibits some examples 
which will probably never be equalled. These, moreover, have associations attached to 
them which spread a charm over their existence of which it is not easy to divest one’s self, 
and which, perhaps, contain some of the ingredients which enter into our high admiration 
of them. But, on a great and general scale, the most beautiful street architecture in 
Europe is to be found in Paris; and so great in this respect do we consider that city, that 
we are certain the education of an architect is far from complete if he be not intimately 
acquainted with the examples it affords. In that, as in most of the cities of Europe, the 
requirements of the shopkeeper interfere with the first principles of the art; but in this the 
violation of the rules of sound building, so as to connect them with his accommodation, are 
less felt by the critical observer than elsewhere. The spirit which seems to actuate the 
French nation is to produce works which may properly be <^1ed monumental; in this country, 
the government has never applied itself to a single work worthy of that epithet. The prin- 
cipal care of an English minister seems to be that of keeping his place as long as the nation 
will endure him. Commerce and politics are the only subjects which such a personage 
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seems to think worthy his attention, and the sciences have only been patronised by the 
government in proportion to their bearing on those two absorbing points. But we shall 
perhaps revert to this in the following chapter. 


Sect. XVIII. 

GERMAK. 

365. No country exhibits more early, l>eautifal, or interesting specimens of Romanesque 
and pointed architecture, than Germany. The Rhine, and the southern parts of it which 
were under the sway of the Romans, are those, as we have already observed, in 
which these are principally to be found. Their history, however, has, sufficiently for 
general purposes, been traced under the sections of Byzantine or Romanesque and Pointed 
Architecture. The revival of the arts in Italy, as it did in other nations, here equally brought 
in the styles of the Italian schools, which, as elsewhere throughout Europe, have lasted to 
the present period ; and will certainly endure until some general change in the habits of 
its different nations renders necessary or justifies some other style as a worthy successor to 
them. On this to speculate were a waste of time; though there be some, and those men of 
talent, who contemplate a millennium of architecture, by making every thing in style de- 
pendent on the new materials (cast-iron for instance) which it is now the practice to employ, 
and often, it must be conceded, most usefully. AV’hilst the pointed style lasted in Europe, 
Italy was occasionally indebted to the Germans for an architect. Thus, notwithstanding the 
denial of Milizia, Lapo, a German architect, was employed in the early stages of construction 
of Santa Maria del Fiore ; and it is well authenticated that Zamodia a German, Annex of 
Friburg, and Ulric of Ulm, were employed on the cathedral at Milan. Franchetti ( Storia 
e Deacrizione del Duomo di Milano^ 4to. Milan, 1821) asserts, that the .first of these was 
engaged on it about 1391, the period of the golden age of pointed architecture in Germany; 
and the reputation of the Germans in this respect was at that time so great, that John 
and Simon of Cologne were actually carried into Spain for the purpose of designing and 
carrying into execution the cathedral at Burgos. It is at this period difficult to assign 
the cause of the nation so completely dropping astern, to use a nautical phrase, in the fine 
arts, and more particularly architecture. It was most probably the result of their political 
condition, and the consequent relative position they occupied in the affairs of Europe. 
But, whatever the cause, it is, in fact, most certain, that from the revival of the arts in Italy 
until near the end of the 18th century, Germany furnishes the names of few, if any, architects 
who are known beyond the limits of the country. Italy during the time in question seems 
to have repaid the nation for the early assistance received from them. At Fulda and Vienna, 
Carlo Fontana was extensively engaged ; Guarini on the church of Santa Anna at Prague ; 
Scamozzi on the cathedral at Salzburg; Andrew Pozzo, who died at Vienna in 1709, was 
there employed on several of the churches : Martinelli of Lucca was another of the number 
that were solicited to decorate the country with their works. Fischers, indeed, was a na- 
tive ; but his works, and especially his palace at Schdnbrun, begun in 1696 for the Emperor 
Joseph, though not altogether without merit, is but a repetition of the extravagances of the 
school of Borromini ; and equally so was the palace built by the same artist for Prince 
Eugene at Vienna, in 1711. {^Easai d Architecture Historique, Leipsig, 1725.) Pietro 
Cart, who built the bridge at Nuremberg, Neuman, Bott, and Eosander of Prussia, are the 
only native architects of the period recorded by Alilizia. 

^6. But it was not only from Italy that the Germans drew their architects : France 
contributed a supply to the country in the persons of Blondel, who was there much em- 
ployed towards the end of the 17th century ; Robert de Cotte and Boffrand in the first part 
of that following. It is therefore, from what has been stated, impossible to give any 
independent account of the architecture of Germany. The Germans had none. Whoso 
were their architects, they were the followers of a style which contemporaneously existed 
in France and Italy even down to the bizarreries of that which prevailed in the time of 
Louis XV. ; and it is a very curious fact, that whilst Germany was seeking the aid of 
architects from France and Italy, England could boast of professors of the art whose fame 
will endure while printing remains to spread knowledge amongst mankind. During the 
last century, Germany appears to have risen in this respect from its slumber, and to have 
produced some men of considerable architectural abilities. Of these was Carl. Gotthard 
Langhans, who was Jx>rn in 1732, and built the celebrated Brandenburg gate at Berlin, 
which, though formed much on the model of the Propylea at Athens, and therefore on the 
score of originality not entitled to that praise which has been so unsparingly exhausted upon 
it, proves that a vast change had begun in Germany as respected matters of taste in ar- 
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chlteeture. Copies prove sad poverty of imagination on the part of the artist copying ; and 
ally therefore, that can be said in &vour of such an expedient as that under consideration 
is, that better forms being submitted in this example to the Germans, it created a dawn of 
taste to which they had long been strangers. The inaccurate work of Le Roy, which had 
preceded that of Stuart and Revett on the antiquities of Athens, was the means through 
which Langhans wrought and tried his successful experiment. In France, as we have 
already observed, Antoine had tried the employment of the Grecian Doric at Paris, but 
without the impression produced by Langhans. This architect died at Berlin in 1808, 
and is, perhaps, entitled to be considered as the father of good architecture in Germany, 
where he met the highest patronage and encouragement. KnohlesdorfT, who died in 1753, 
had, it must be allowed, prepared in some measure the change which was effected ; but 
neither he nor his successor are known in the world of art beyond the confines of their 
own country. The names of Boumaon, Goutard, Naumann, and others of much merit, 
occur to us ; but the examples which they have left are not of the class that justify 
q>ecimens for presentation to the reader in a general work of this nature. None of them 
rise so high as to be put in competition with the examples of the French school ; and from 
the circumstance of the principal works of Germany at Munich, Berlin, &c. having been 
executed by artists still living, we feel precluded here from allusion to them; because, L 
we were to enter on an examination of them, we must detail their defects as well as their 
beauties. An extraordinary species of bigotry has laid hold on some in relation to them, 
which time will temper; and the world, as it always does, will ultimately come to a right 
judgment of the rank they are entitled to occupy as works of art. In the other branches 
of the arts the Germans are rising fast; but there is withal an affectation of the works of 
the middle ages in their productions, which, impressed as they are with great beauties, 
are not sufficiently pure to prognosticate the establishment of schools which will sweep all 
before them, as did those of Italy. 


Sect. XIX. 

SPAIN AND PORTUGAL. 

867. What has been said in the preceding section on the architecture of Germany is 
equally applicable to that of Spain and Portugal, whose architects were educated, if not in 
the schools of Italy, yet on the principles that guided them. Still, the pre-eminence in 
architecture on the revival of the arts must be given to these countries over the con- 
temporaneous buildings erected in Germany, and more especially to those of Spain. 
Under Ferdinand and Isabella, both greatly attached to the fine arts, the pointed style 
gave way to the architecture then in esteem in Italy ; and Giovanni de Olotzaga, a native 
of Biscay, is, we believe, entitled to the merit of having first introduced it in the great 
college of Santa Croce at Valladolid, which was commenced in 1480, and finished in 
1492. About the same period appeared Pietro de Gumiel, supposed to have been the 
architect of Santa Engracia at Saragossa ; but known as the ^ist who designed the 
college of Alcala, a splendid building in a mixed and impure style. In this the orders 
were employed. The edifice consists of three courts : the first Doric, with an arcade and 
tivo orders above, in the lower whereof the Doric was repeated, and the upper was Ionic ; 
the second court has thirty-two Composite columns, with arcades ; and the third is de- 
signed with thirty-six Ionic columns, beyond which is the theatre. The church is of the 
Ionic order, and contains the monument of Cardinal Ximenes, the founder, considered one 
of the finest in Spain. The names of Giovanni, Alonso, and Fra Giovanni d’Escobado 
continue in their works the history of the art in Spain, wherein a style between the pointed 
and Italian prevailed during the greater part of the reign of Charles V. Giovanni Gil de 
Hontanon, at the end of the 15th century, appears in Spain as an architect of much 
celebrity. He made a design for the cathedral at Salamanca, which was submitted to the 
judgment of four of the then most eminent architects of the country, — Alonzo de Cobarrubias, 
the architect of the church at Toledo ; Mastro Filippo of that of Seville ; Giov^mi di 
Badajos of that of Burgos ; and Giovanni Balleso, by whom Hontanon’s design was approved 
and commended. This church is 378 ft. long, and has a nave and two series of aisles on each 
side. The nave is 130 ft. high, and 50 ft. wide. Rodrigo Gil, son of the above-named 
architect, had the execution of this church, which commenced in 1513. It was probably 
this Rodrigo who, in 1525, erected the church of Segovia, very similar to that of Salamanca, 
except that it is more simple, and in a purer style. The cathedral of Segovia, equal in 
size and grandeur to those of Toledo and Seville, was, after 1 577, carried on by Francesco 
de Campo Aguero, who died in 1660; to whom succeeded Biadero, who died in 1678. 
Respecting Hontanon, Don Ant. Ponz observes, in the 10th volume of his Travels in 
Spain, that he must have been a clever architect, and well acquainted with the Greek and 
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Homan styles, irhich in his time were beginning to revive ; but that, like many other artists, 
he was obliged in some measure to humour the taste of those who employed him : he 
therefore adopted the Gothic style, without the ornaments and details. The efforts of the 
architects of this period were not confined altogether to church building; for in 1552 
Pietro de Uria constructed a bridge at Almaraz over the Tagus, which may vie with the 
most extraordinary works of that class. Two large pointed arches form the bridge, which 
is 580 ft. long, 25 ft. wide, and 134 ft. high. The opening of one of the arches is 150 ft., 
that of the other 119ft. The piers are lofty towers, that in the centre standing on a high 
rock. Another pier has a semicircular projection between the arches, forming a piazza at 
the top. 

368. Alonzo de Cobatrubias, the architect of the church of Toledo, seems to have used 
in it a Gothic sort of style, though when he flourished the Roman orders had become 
known and used. This Alonzo was in considerable employ, as was his assistant, Diego 
SUoe, who built the church at Granada, with the monastery and church of San Girolamo 
in that city. This cathedral has a nave and two aisles ; and in it the Corinthian order, 
though defective in height, is used. The cupola is well designed. Both Slice and his 
master loaded their buildings with sculptures to excess, from a seeming notion that beauty 
and richness were the same or inseparable. Alonzo Berruguette was another architect of 
the 16th century who was deservedly employed. He went to Italy in 1500, there to 
pursue his studies in the arts of painting and sculpture as well as architecture, and was 
at Florence when Michael Angelo and Leonardo da Vinci exhibited their cartoons. 
He was the architect of Charles V. ; and it is supposed that he designed the palace at 
Madrid, begun by Henry II., continued by Henry III., and splendidly rebuilt by 
Charles V., but no longer in existence. Berruguette erected the gate of San Martino, 
which is the principal one at Toledo. It is of the Doric order, with the royal arms on 
the exterior, and a statue of Santa Leocadia in the interior. TTiere are great simplicity 
and elegance in the composition of this work. The palace of Alcala, the residence of the 
archbishop of Toledo, is attributed to him; a building not wanting in magnificence, 
though defective in its detail. A great portion of the cathedral of Cuenga is said to be 
by Berruguette ; but not the fa 9 ade, which was erected in 1699 by Guiseppe Arroyo, and 
afterwards continued by Luigi Arriaga. There is considerable effect about the cloister, 
which is well and ingeniously decorated. This architect, it Is thought, had some part in the 
Pardo, which was rebuilt in 1547 ; where are still allowed to remain, — notwithstanding the 
additions by Philip II, of the miserable eastern and western fa 9 ades — the porticoes of Ionic 
columns, with their low stone arches. Though the windows are greatly too far apart, and 
too small in the lower story, the stmrs difficult of ascent, yet, upon the whole, the edifice 
is not ill arranged or executed. At the period whereof we here speak there was a pro- 
digious passion sanong the Spaniards for large screens and altars in the churches ; in these 
the taste of Berruguette was most conspicuous. In the use of the orders, which he fully 
understood, he was remarkably fond of employing them over one another. The cathedral 
at Seville was principally rebuilt by Ferdinando Ruiz, who was much engaged in the city, 
and especially on enlarging or raising the well-known tower called the Giralda. This 
singular edifice was begun in the 11th century, the original idea of it being given by the 
architect Geber, a native of Seville, to whom the invention of algebra is attributed ; and 
also the design of two other similar towers, one in ^lorocco, and the other at Rabata. 
The tower of which we are now speaking was at first 250 ft. high, and 50 ft. wide, and 
was without diminution as it rose. The walls are 8 ft. thick of squared stones from the 
level of the pavement ; the rest for 87 ft. is of brick. In the centre of this tower is a 
smaller one, the interval between the two towers being 23 ft., which serves for the ascent, 
one so convenient that two persons abreast can mount it on horseback. The central tower 
does not diminish ; but as the edifice rises in height the walls gather over, so as to allow 
the passage of only one person. Upon the Moors of Seville negotiating their surrender, 
one of the conditions of it was, that this tower should not be destroyed ; to which Don 
Alphonso, the eldest son of the king, answered, that if a portion of it were touched, not 
a man in Seville should survive. In the earthquake of 1395 it was partially injured, and 
remained in the state of misfortune that then occurred until 1568y when, by the authorities, 
Ferdinando Ruiz received the commission to raise it 100 ft. higher. This height he 
divided into three parts, crowning it with a small cupola or lantern : the first division of 
his addition is of equal thickness with the tower on a plinth, whence six pilasters rbe on 
each £i 9 ade, between which are five windows, over which is an entablature surmounted by 
balustrades ; the second division is lower, with the same ornament ; and the third is 
octagonal with pilasters, over which the cupola rises, crowned with a bronze statue of 
Faith, vulgarly called La Giralda.” Ruiz by this work augmented his fame ; and not- 
withstanding the earthquakes which have since occurred, he has been fortunate enough to 
preserve it. We have, however, to apologise to our readers for this, which is anecdote, and 
not quite in order to be placed here, because partly connected with a period we have long 
since left. Hictorially speaking, the tower of the Giralda is a splendid object, and the 
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^K>log 7 w'as, perhaps, unnecessary. . The age of Charles V. in Spain was Augustan for 
its architecture. By his mandate tha^alace was raised at Granada, a work of Machuca, 
another architect of this period. The principal fagade is rustic, with three large gates, and 
eight Doric columns on pedestals sculptured with historical hassi-rilievi. The second 
story IS Ionic with eight columns, over which are pilasters. The internal vestibule is on 
a circular plan, with a portico and gallery on columns of the same order. Milizia, from 
whom we have extracted all our notices on the architecture of Spain in this age, regrets 
that the arches spring from the columns. Though we cannot commend such a practice, 
we should be sprry, in certain cases, to see a veto put upon it ; because the practice is 
occasionally compatible with £ne effect. 

S69. Towards the end of the sixteenth c^tury appeals in Spain an artist, by name Do- 
menico Testocopoli, by birth a Grecian, and a di^iple of Tiziano Vecelli. He became, 
under his master, a good painter ; but is known in Spain rather as a celebrated architect 
in his day. At Madrid, and in Toledo, he executed many works of merit ; but his grand 
work was the church and monastery of the Bemardine monks of San Dominico di Silos, in 
which he employed his talents in architecture, painting, and sculpture, the whole being 
from his hand. 

.370. Garzia d*£mere and Bartolomeo di Bustamente, the latter especially, would re> 
quire an extended notice in the history of the art in Spain, if our limits permitted us to 
enter on their merits. The latter was the architect of the hospital of San Giovanni Battista, 
founded by its archbishop in 1545, near Toledo. We should continue the account if works 
existed from which a feature different from the contemporaneous works in the rest of 
Europe could be extracted ; but the fact is, that the progress of the art has already been 
told in other coimtries, and its success in Spain would be but a repetition in minor degree 
of what has already been said. Still we consider some notice must be taken of Giovan- 
batista of Toledo, who died in 1567, an architect and sculptor of surpassing merit; 
mid as he was the architect who gave the designs for the fa 9 ade of the Escurial, we shall 
not apologise for transcribing the account of him given by Milizia. 

371. Having studied at Rome, he was invited to Naples by Don Pietro di Toledo, 
then viceroy there, who employed him as architect to the Emperor Charles V, in 
many important works in that city, whence he was called by Philip II, to become 
architect of all the royal works in Sp^, and especially of the Escurial, which that 
monarch was anxious to erect in the most magnificent style. For this purpose be left Na> 
pies, and in 1563 commenced, upon bis own design, the Escurial, which he continued to 
superintend till bis death in 1567. In this great undertaking he was succeeded by Gio- 
vanni d’Herrera, his pupil, who finished it. Those, therefore, says the author whom we 
quote, that attribute this work to Luigi de Foix, to Bramante, to Vignola, and other archi- 
tects who may have given designs for it, are unacquainted with the subject. The wonders 
related of the Escurial, as to the number of its doors and windows, are not tales to be here 
recounted ; and the attempt, indeed, at exaggeration is vastly silly, because it Ls on so grand 
a scale that the simple truth imparts quite sufficient knowledge for conveying an idea of its 
splendour. The motives of Philip II. in founding this structure were twofold, — first, 
the injunction of his predecessor Charles V., who was desirous of constructing a tomb for 
the royal frmily of Spain ; and secondly, of erecting an edifice of colossal dimensk>ns to 
commemorate the famous victory of S. Quintin, achieved on the festival of San Lorenzo, 
the saint to whose interposition the king attributed his success. The situation cho^n to 
receive it was beautiful. It is at the distance of a few miles from Madrid, at the foot of the 
Carpentani mount^s, by which the two Castiles are divided. The plan of the edifice is 
said to resemble a gridiron, the instrument of martyrdom of Saint Lawrence, of which the 
handle is the projection in the eastern facade ; we confess, however, we have some difficulty 
in tracing the resemblance. It is divided internally into fifteen courts, varying consider- 
ably in size ; many of them are decorated with porticoes and galleries, and contain in all 
upwards of eighty fountains. The materials are granite very well wrought ; the roofs 
partly covered with lead and partly with slate. The cupola of the church is stone. The 
four angles of the main plan are distinguished by towers rising four stori^, besides those 
in the roofe, above the general fronts ; besides which there are four others fianking the cu- 
pola. Parts of the building are in much better taste than others ; but such an enormous 
pile of building cannot be otherwise than imposing, more especially, too, if there be any- 
thing like symmetry and regularity in the parts. Towards the west the principal fa 9 ade 
is 740 feet long and 60 feet in height. The towers at the angles just mentioned rise to 
the height of 200 feet. Tliis facade, like the others, has five stories of windows, which 
necessarily of themselves, from the way in which ^ey are arranged, have the effect of 
cutting it up into minute divisions. The central compartment of it is 140 feet in length, 
and conrists two orders of half columiB ; the low«r has eight semi-columns, which are 
Doric, standing on a plinth, and in the central intercolumniation is the door ; the other 
intercolumniations are filled in with niches and windows in three stories. The upper order 
is of four Ionic columns on pedestals, which are surmounted by a pediment This upper 
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order has two stories of niches in its intercolunmiations, in the upper central one whereof 
is placed the statue of St. Lawrence. The two minor doors in this facade are also made 
features in the design. The facade towards the east has the projecting handle of the grid- 
iron to which we have alluded, in which part is contained the palace ; and westward of it 
the great chapel or church, with its cupola rising above the mass, to complete the com- 
position. Towards the south the length is 580 ft., similar to the length on the north. On 
entering from the central gate of the western fti^ade, the monastery is divided from the col- 
lege by a large vestibule, from which three large arched openings lead into the king’s court : 
this is 230 ft. long, and 136 ft. wide, surrounded by buildings of five stories, and orna- 
mented with pilasters. At the eastern end of this court is the entrance to the church, over 
whose vestibule or pronaos are the libraries. To it a flight of seven steps crosses the whole 
width of the court ; and from the landing rises a Doric arcaded porch of five openings, three 
whereof belong to the central compartment and lead to the church, the other two leading 
to the monastery and the college. Behind the porch the fa9ade of the church rises, and is 
flanked by two towers, which respectively belong to the monastery and college, and are 
ornamented above the general height of the buildings of the court with two orders of 
pilasters, being terminated by small cupolas. The interior of the church is Doric, emd is in 
plan a Greek cross. The nave is 53 ft. and the aisles are 30 ft. wide- Its whole length 
is 364ft:., its width 230, and height 170. From the intersection of the nave and transepts 
the- cupola rises, 66 ft. in diameter, and 330 ft. in height from the pavement to the cross. 
Its exterior is composed with a square tambour or drum, if it may be so called, from which 
the order rises. The choir is only 30 ft. high, and its length but 60 ft. In point of taste 
and dimensions, the church is inferior to several in other parts of Europe. The pres- 
bytery, we should have stated, is raised, so as to form almost another church, and seemingly 
without relation 'to the principal one. 'Fhe staircase which leads to the Pantheon, and 
which possesses considerable magnificence, is placed between the church and the ante- 
sacristy : we are not aware why this name has been given to the sepulchre of the kings of 
Spain. It is nearly under the high altar. The chamber appropriated to the reception of 
the kings is 36 ft. diameter, and 38 ft. in height, richly encrusted with various marbles and 
metals, and ornamented with sixteen double Corinthian pilasters on pedestals, arranged 
octagonally ; and between them are recesses, with the sarcophagi, amounting to twenty-six, 
that is, four in each of six sides, and two over the entrance which faces the altar of the Re- 
surrection. This is a fair specimen of the style which prevailed in Spain under the reigns 
of Philip IV. and Charles II. The college, the seminary, and the royal palace occupy the 
rest of the building. In 1773, many additions were made to the buildings about the Es- 
curial for the Infants Don Antonio and Don Gabriele, by Villaneuva, an Italian architect, 
and by them the palace was much improved. Giovanni d’Herrera, who died in 1597, besides 
his employment at the building just described, contributed greatly to the advancement of 
the art by the execution of the many commissions with which he was entrusted. The bridge 
of Segovia, at Madrid, is by him ; as is the royal pleasure-house at Aranjuez, begun under 
Philip II. and finished by Charles III., — a work which, though far from pure, exhibits 
great architectural ability. His successor at the Escurial was Francesco de Mora, by 
whom, at Madrid, is the Palace de los Consejos, the most splendid edifice which that 
capital can boast. Instead of a central doorway, it has two at its flanks, of the Doric order, 
with appropriate decorations. In the beginning of the seventeenth century, the great 
square of Madrid was erected after the designs of Giovanni Gomez de Mora, and is ad- 
mirable for its grandeur and symmetry. This architect built at Alcala the church and 
college of the Jesuits, which, MUizia says, is a magnificent and well-proportioned edifice. 
It is of two orders, and the material employed in the facade is granite. The royal convent 
of the Augustins, at Madrid, is also attributed to him. 

372. In the beginning of the eighteenth century, Filippo Ivara, a native of Messina, 
had very great employ, we might almost say throughout Europe. He became the pupil 
of Fontana, and afterwards, on his visiting Spain, seems to have established a school there. 
He built the facade of the royal palace of St. Ildefonso, looking towards the gardens. 
Ivara died in 1735, at Madrid, whither he had been invited by Philip V. to rebuild the 
palace, which had been consumed by fire. The work was afterwards intrusted to Sacchetti. 
a pupil of Ivara. It is on a very large scale, and was most solidly constructed. 

373. We have thought it necessary to give the above succinct account of the architecture 
of Spain, which did not, however, produce, after the revival of the arts in Europe, any 
works, except in respect of dimensions, comparable with those of Italy. The abuses in 
them are almost universally carried to an extent scarcely credible ; it is, therefore, useless to 
refer the reader or student to them as models. It almost seems as if from Italy pure 
architecture had not had time to spread itself before it became tinctured with the corrup- 
tions of Borromini ; which, not only in Spain and Portu^i, but throughout Germany, and 
even France, were diflfiised with incredible rapidity. 
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Sect. XX. 

RUSSIAN ARCHITECTURE. 

374. We scarcely know whether we are justified in nuiking a short section with this 
heading, inasmuch as there is not known to us, up to the end of the eighteenth century, 
the name of a single Russian architect. English, French, Italian, and German artists have 
been employed in the decoration of the city of Petersburg, though we believe that the 
nation is now beginning to produce persons capable of conducting their public works. 
Russia has received all its improvement from abroad, and has used every exertion to com- 
municate it to an uncivilised people. 

375. The eccl^iastical architecture of Russia is of course coeval with the introduction of 
Christianity into the country, which was not earlier than the time of Vladimir the Great, 
although the Princess Olga had been baptized at Constantinople as early as the year 964. 
Vladimir, to display his zeal in behalf of Christianity, had a church, supposed to be the 
first buMt by him, erected at Cherson ; a year after which the church of St. Basil, which, as 
well as the first named, was of timber, was erected under his command. This prince also 
built a church at Kie^ where, it is said, there were already at the time 500 churches. 
After Vladimir, Prince Yaroslaf appears to have bestowed great attention on the erection 
of ecclesiastical edifices. At Kief he founded a church, dedicated to St. Sophia, and at No- 
vogorod another to the same saint : these partly exist in the present day. By him also 
were reared the convents of St. George and St. Irene. The celebrated convent of 
Fetchorsky, at Kief, was erected in 1075, subsequent to which period the Russian metro- 
politans continued subject to those of Constantinople til) the capture of thabcity by Mahomet 
the Second. Between this last capital and Kief the bonds of amity of their rulers were 
drawn closer by many intermarriages; but in the year 1 124 a fire desolated the latter city, 
which must have risen into great importance, inasmuch as 600 churches and monasteries 
were destroyed in the confiagratlon. Afterwards, again, in the civil war under Yisaslaf, 
Kief was taken and fired; a calamity to which it was again subject at the same period that 
Constantinople was taken by the Venetians. After this Kief never again recovered its 
ancient magni6ceoce. In 1 154, at which period Moscow is first mentioned in history, it was 
but an insignificant village. It received great additions under Daniel of Moscow; and in 
1304, under John Danielowitz, it became the capital of the empire. On the 4tb of August, 
1326, the first stone was laid of a church in the Kremlin there in honour of the Assumption 
of the Virgin. Tbe palace of the Kremlin was a timber structure until the reign of Demetri 
Donskoi, when it was reconstructed of stone. On tbe capture of Constantinople by Mahomet 
the Second, the Russian church ceased to be dependent on that of Constantinople. Die 
palace of the Kremlin, known by the name of the granite palace, rose in 1487; and, in 
twelve years afterwards, the Belvedere palace was raised. Ivan IV., whose sway was of 
extended duration, was a great patron of the arts; bis decease took place circa *1584. He 
renewed the laws relative to tbe paintings in the new churches, whence arises their so close 
resemblance to each other that it is difficult to judge of tbe epochs of their execution. The 
celebrated clock tower Ivan Valiki, at tbe Kremlin, was erected by the Czar Boris, in 1600, 
at which time Moscow contained 400 churches, whereof 35 stood in the KremUn alone. 
After tbe time of Feter tbe Great, a change of style was introduced. 

376. The Church of the Assumption above mentioned, as respects the plan, is an oblong 
square divided ; the vaulting whereof is supported by six columns in the interior. Though 
at the first glance it be not perceived, tbe arrangement of tbe cupolas soon points to tbe 
form of a Greek cross. In the earlier churches tbe plan was a square, with a porch in 
firont of it ; but, in the Church of the Assumption, the porch is a portion of the church, 
the arches of the cupolas being placed in the same way as if the church were of the ancient 
fi>rm. The six columns just mentioned divide the church into four parts, — from east to 
west, and then from north to south. At tbe eastern sides are three apsides, divided by tbe 
widrii of a column, the middle one being of larger dimensions than the other two; an 
arrangement which prevails in most of the Greek churches. The apsides contain altars, 
which are frequent, except in the small chapels. The altar in the Greek church is not 
exposed to public view ; it is concealed or covered by the iconostasis (image-bearer), a very 
large screen, which, from occupying the whole width of the church, divides it into two parts. 
Diis screen has a central principal and two side smaller doors ; behind which latter, on each 
side, stands a second and smaller iconostasis, of the width only of the smaller apsi^ but 
whose plan with thiee doors and an altar behind is similar to the great one. Diis was the 
distributxoQ in the early churches ; but, in the more modem one^ there are, at nearly the 
extremity of the edifice, three distinct iconostases. The place for the choristers is on each 
side in front of the iconostasis, between its principal and side doors. The principal cupola 
rises in front of the iconostasis ; and, in cathedral churches, at the foot of che apsis on the 
left a canopy is placed for the emperor, opposite whereto is one for the metropolitan. 
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'fhere is generally one principal and four subordinate cupolas round it, which stand on the 
four feet of the Greek cross. The iconostasis is a principal object in every church. It is 
usually in four or five horizontal compartments, each containing an unequal number of 
pictures of saints painted on tablets or long square panels, whose places are fixed with great 
precision. In the first story, if we may so call it, are the three doors ; the centre one, being 
in two foldings, is decorated with the subject of the Annunciation, accompanied with the 
heads of the four Evangelists or their emblems. To the right of the door is a picture of 
Christ, and of the Madonna on the left. To the right of the Christ is the saint or festival 
of the church, after which the doors are inserted. Above the doors, on the left hand, is 
placed a Greek cross; on the right hand the cross of Moses, — as symbols of the Old and 
New Testaments. The paintings are all on a ground of gold. In the middle of the second 
story is Christ on a throne ; on the right Saint John the Baptist ; on the left the Madonna 
without Child ; then, on each side, two archangels and six apostles. In the third story or 
horizontal compartment, the Madonna is introduced with the Infant on her knees, sur- 
rounded on each side by the prophets. In the fourth story is painted God the Father on 
a throne, with the Infant Jesus, surrounded on each side by patriarchs of the church. 
Occasionally a fifth story appears, upon which is painted the history or Passion of our 
Saviour. Paintings on a gold ground abound in the other parts of the church. The 
exteriors of these churches are extremely simple ; cornices or other horizontal crownings 
are not to found, but the coverings follow the cylindrical forms of the arches to which they 
are the extradoses, and are variously painted. The Russian churches built in the eleventh 
century, which from the number of their cupolas resemble, and indeed were imitated from 
those of the East, give a peculiar effect to the architecture. The forms of these cupolas 
are varied, but they generally stand on an octagonal tambour ; some are hemispherical, 
others in curves of contrary flexure, and a number of other figures. 

377. The type of the Russian church, which is on plan a Greek cross, is to be found in 
Santa Sophia at Constantinople. After the disputes between the Iconoclasts and Iconolaters, 
which, at the close of the seventh century, ended in the separation of the Eastern and 
Western churches, sculpture of statues disappeared from the Greek church, statues of angels 
excepted. Again, at this period, the altars on the side of the principal one were established, 
not, as in the Catholic churches, at the extremities of the transepts ; their place is always in 
a niche or ^psis. This arrangement is found in the churches of the eleventh, twelfth, and 
thirteenth centuries, at Bari, Trani, Malfetta, Otranto, &c., while the Greek worship existed; 
and a similar disposition is even seen at Palermo and other places where the worship has 
been Catholic. In the Catholic churches a sacristy, for the use of the priests in robing, 
&c., is always provided on the side of the church ; in the Greek church, however, the priests 
robe themselves behind the iconostasis on the left of the altar, another altar being placed on 
the right for the consecration of the elements ; and this arrangement exists in the present day. 
The Greek church has no gynaeceum, or separate place for the women. — For the above we 
are indebted to the researches of M. Kallmann, an ingenious architect of Hanover. 

378, It is in Saint Petersburg principally that we are to look for edifices which deserve 

mention. The foundation of the city was laid in 1703, by the Czar Peter, when he con- 
structed a fort on an island in the Neva for defence against the Swedes. Buildings, both 
public and private, were soon erected ; and the nobility and merchants being induced to 
settle there, the place quickly assumed the appearance of a considerable city. In the reigns of 
Catherine the Second and Alexander it reached a degree of great magnificence, from which 
it has not declined, but has rather advanced. Magnitude, rather than beauty of form, marks 
the public buildings of the city. The church of our Lady of Kevan is of great dimensions : 
for which, and its fifty-six granite columns with bronze capitals, it has obtained more cele- 
brity than it will acquire for the beauty of its composition- Some of the palaces in the 
city are of colossal dimensions j that of Michailoflf^ built by Paul, is said to have cost ten 
millions of rubles. It was under the reign of Peter the Great that the great change took 
place in the national character of Russian church architecture by the introduction of the 
classical orders. The bulbous cupola, though at this period not entirely laid ^ide, fell into 
comparative disuse, being replaced by a green painted dome of which the Italian form was 
the model. The tasteless custom of painting the exteriors of buildings with bright and in- 
congruous colours was retained ; and, though well enough suited to the barbaric structures 
of the Muscovite czars, it ill accorded with the purer style of Italy. It is unnecessary fur- 
ther to detain the reader by any observations on the churches of the modern capital. In 
point of style or of history, they possess little interest for an English reader. To 

those who wish to become better acquainted with the architecture of Russia, we recommend 
a reference to Gehsler’s Tableaux Pittoresques des M<xurs, ^c, des Russes, Tartares, J^fongoles, 
et autres Nations de VEmpire Russe. 
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Sect. I, 

EARLY HOUSES AND ARCHITECTURE OF THE BRITONS. 

379. On the invasion of Britain by Julius Caesar, in the year 55 b. c., the inhabitants 
dwelt in houses resembling those of Gaul ; and in Kent, and other southern parts of the 
island, their houses were more substantial and convenient than those in the north. Caves 
or earth houses seem to have been their original shelter ; to which had preceded the wicker 
enclosure, whose sides were incrusted with clay. These were thatched with straw. The 
wooden houses of the ancient Gauls and Britons were circular, with high tapering roofs, 
at whose summit was an aperture for the admission of light and emission of smoke. These, 
where the edifices were grander than ordinary, were placed upon foundations of stone. 
There is no instruction to be derived from pursuing this subject further. That the arts at 
the period in question scarcely existed, is quite certmn ; and Caractacus may, when carried 
prisoner to Rome, have well expressed surprise that the Romans, who had such magnificent 
palaces of their own, should envy the wretched cabins of the Britons. 

380. If the Britons were so uninformed in architecture as to be satisfied with such 
structures for their dwellings as we have named, it will hardly he contended that they were 
the builders of so stupendous a fabric as Stonehenge. On this subject we have ^ready 
stated our opinion in Chap. II. From the distant period at which we believe this and 
similar edifices to have been erected up to that of which we are speaking many cen- 
turies must have elapsed, during which the mechanical knowledge which was employed in 
their erection might have been lost, and indeed must have been, from the condition of the 
inhabitants, of which mention has been made. 

381. The Romans, after their invasion of the island, soon formed settlements and planted 
colonies ; and it is not difficult to imagine the change which took place in its architecture. 
The first Roman colony was at Catnalodunum. Thb, when it was afterwards destroyed 
by the Britons in the great revolt under Boadicea, appears to have been a large and well- 
built town, adorned with statues, temples, theatres, and other public edifices. ( Tacit. 
Annal. lib. xiv. c. 32. ) In the account given of the prodigies said to have happened at 
this place, and to have announced its approaching fall, it is mentioned that the statue of 
Victory fell down without any visible violence ; in the hall of public business, the confused 
murmurs ot strangers were perceived, and dismal bowlings were heard in the theatre. At 
Camalodunum the temple of Claudius was large enough to contain the whole garrison, 
who, after the destruction of the town, took refuge in it ; and so strong was it, that they 
were enabled to hold out therein against the whole British army for a period of two days. 
London, however, exhibited a more striking example of the rapid progress of Roman 
architecture in Britain. At the time of the first Roman invasion it was little more than a 
British town or enclosed forest ; and there seems to be ground for supposing that at the 
time of the second invasion, under Claudius, it was not much improved. But when, about 
sixteen years afterwards, it came mto the possession of the Romans, it became a rieh, po- 
pulous, and beautiful city. Not only did the Romans raise a vast number of solid and 
magnificent structures for their own accommodation, but they taught the arts to the Britons 
and thus civilised them. Agricola, of all the Roman governors, took means for that pur- 
pose. That they might become less and less attached to a roaming and unsettled life, and 
accustomed to a more agreeable mode of living, he took all opportunitiesof rendering them 
assistance in erecting houses and temples, and other public buildings. He did all in his 
power to excite an emulation amongst them ; so that at last they were not content without 
structures for ornament and pleasure, such as baths, porticoes, galleries, banqueting houses, 
&e. From this time (a. d. 80) up to the middle of the fourth century,” says Henry 
(fliaf. of England), “ architecture, and all the arts immediately connected with it, greatly 
flourished in this island ; and the same taste for erecting solid, convenient, and beautiful 
buildings which had long prevailed in Italy, was introduced into Britain. Every Roman 
colony and free city (of which there was a great number in this country) was a little Rome 
encompassed with strong walls, adorned with temples, palaces, courts, halls, basilicte, baths' 
markets, aqueducts, and many other fine buildings both for use and ornament The 
country every where abounded with well-built villages, towns, forts, and stations • and the 
whole was defended by that high and strong wall, with its many towers and castles, which 
re.Tched from the mouth of the river Tyne on the east to the Solway Firth on the west 
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This spirit of building, which was introduced and encouraged by the Romans, so much 
improved the taste and increased the number of the British builders, that in the third 
century this island was &mous for the great number and excellence of its architects and 
artificers. When the Emperor Constantius, father of Constantine the Great, rebuilt the 
city of Autun in Gaul, a. d. 296, he was chiefly furnished with workmen firom Britain, 
which (says Eumenius) very much abounded with the best artificers. It was about the 
end of the third century that in Britain, as well as all the other provinces of the Western 
empire, architecture began to decline. It may have been that the building of Constanti- 
nople drew off the best artists ; or that the time left for the peaceftil culture of the arts may 
have been broken in upon by the irruptions of invaders firom the north. According to the 
Venerable Bede {Hist. Eccles.^ lib. i. c. 12.), the Britons had become so ignorant of the art 
before the final departure of the Romans that they, from want of masons, repaired the wall 
between the Forth and Clyde with sods instead of stone. Henry observes, however, on 
this, that “ we cannot lay much stress on this testimony ; because it does not refer to the 
provincial Britons, but to those who lived beyond the Wall of Severus, where the Roman 
arts never much prevailed ; and because the true reason of their repairing that wall with 
turf, and not with stone, was that it had been originally built in that manner. Besides, we 
are told by the same writer, in the same place, that the provincial Britons, some time after 
this, with the assistance of one Roman legion, built a wall of solid stone, 8 ft. thick and 
12 ft. high, irom sea to sea.” 

382. 'rhe departure of the Romans, and that of the fine arts which they had introduced, 
were occurrences of almost the same date. We must, however, recollect that architecture 
was be^nning to decline at Rome itself before the departure in question. The inhabitants 
of the country who remained after the Romans were gone had not the skill nor courage 

to defend the works with 
which the Romans had pro- 
vided them ; and their 
towns and cities, therefore, 
were seized by invaders, 
who plundered and de- 
stroyed them, throwing 
down the noble structures 
with which the art and in- 
dustry of the Romans had 
adorned the country. The 
vestiges of Roman architec- 
ture still remaining in Bri- 
tain are pretty numerous ; 
but scarcely any of them 
are of sufficient interest to 
be considered as studies of 
Roman architecture. Even 
in its best days, nobody 
would study the works of 
art in the colonies in preference to those in the parent state. We have here (fig. 179.) 
inserted a representation of a small portion of the Roman wall at Leicester, as an example 
of the construction. Temples, baths, and villas of the time have, moreover, been brought 
to light not unfrequently. 

383. The arrival of the Saxons in this country, A. n. 449, soon extinguished the very 
little that remained of the arts in the island. This people were totally ignorant of art ; like 
the other nations of Germany, they had been accustomed to live in wretched hovels formed 
out of the earth, or buUt of wood, and covered with reeds, straw, or the branches of trees. 
It was not, indeed, until 200 years after their arrival that stone was employed by them for 
their buildings. Their cathedrals were built of timber. The Venerable Bede says there 
was a time when not a stone church existed in all the land ; the Custom being to build 
them of wood. Finan, the second bishop of Lindisfame, or Holy Island, built a church in 
that island, A. n. 652, for a cathedral, which yet was not of stone, but of wood, and covered 
with reeds } and so it continued till Eadbert, the successor of St. Cuthbert, and seventh 
bishop of Lindisfarne, took away the reeds, and covered it all over, both roof and walls, 
with sheets of lead. Of similar materials was the original cathedral at York, a church of 
stone being a very rare production, and usually dignified with some special historical 
record. Bede, for instance, says of Paulinus, the first bishop of York, that he built a 
church of stone in the city of Lincoln, whose walls were standing when he wrote, though 
the roof had feUen down. Scotland, at the beginning of the eighth century, does not seem 
to have had a single church of stone. Naitan, king of the Piets, in his letter to Ceolfred, 
abbot of Weremouth, a. d. 710, intreats that some masons may be sent him to build a 
church of stone in his kingdom, in imitation of the Romans. 
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384. We here think it necessary to notice that we have thought proper, under this 
chapter, to preserve the periods, or rather styles of the periods of architecture, according to 
their ordinary arrangement in English works, namely, the Anglo-Saxon and Norman, in 
distinct sections. It is a matter of little importance to the reader how he acquires his 
knowledge, so that his author do not unnecessarily prolong the acquisition of it. Though, 
therefore, the Anglo-Saxon and Norman architecture are neither of them any thing more 
than Romanesque or Byzantine, to which we have appropriated rather a long section, we 
have here separated them into two distinct periods. 

385. About the end of the seventh century masonry was once more, ^ well as some 
other arts connected with it, restored to England, by the exertions of Wilfrid, bishop of 
York, and afterwards of Hexham, and of Benedict Biscop, the founder of the abbey of Were- 
mouth. The former, who was an indefatigable builder, and one of the most munificent 
prelates of the seventh century, erected edifices, which were the admiration of the age, at 
Ripon, York, and Hexham. The cathedral of the latter place obtained great celebrity. 
Eddius, speaking of it ( yita WUfridi), says, that Wilfrid, having obtained a plot of ground 
at the place from Queen Etheldreda, he there founded a very magnificent church, and dedi- 
cated it to the blessed apostle St. Andrew. The plan of this holy structure appears to have 
been inspired by the Spirit of God ; a genius, therefore, superior to mine is wanting to de- 
scribe it properly. Large and strong were the subterraneous buildings, and constructed of 
the finest polished stones. How magnificent is the superstructure, with its lofty roof rest- 
ing on many pillars, its long and lofty walls, its sublime towers, and winding stairs ! To 
sum all up, there is not on this side of the Alps so great and beautiful a work. Biscop 
was a zealous cotemporary and companion of Wilfrid, and had also a great love for the 
arts. He travelled into Italy no less than six times, chiefly for the purpose of collect- 
ing books and works of art, and of endeavouring to induce workmen to come over to Eng- 
land. An estate of some extent having been obtained by him from Ecgfrid, king of 
Northumberland, near the mouth of the river Were, he founded a monastery there in 674. 
Relative to this monastery of Weremouth, thus writes Bede : — “ About a year after laying 
the foundations, Benedict passed over into France, and there collected a number of masons, 
whom he brought over with him to build the church of his monastery of stone, after the 
Roman manner^ whereof he was a vast admirer. Such was his love for the apostle Peter, to 
whom the church was to be dedicated, that he stimulated the workmen so as to have mass 
celebrated in it but a little more than a year from its foundation. When the work was 
well advanced, he sent agents into France for the purpose of procuring, if possible, glass 
manufacturers, who at that time were not to be found in England, and of bringing them 
over to glaze the windows of his monastery and church. His agents were successful, having 
induced several artisans to accompany them. These not only executed the work assigned 
to them by Benedict, but gave instructions to the English in the art of making glass for 
windows, lamps, and other uses.” 

386. The Bishop Wilfrid, as we learn from W’illiam of Malmesbury, with the assistance 
of the artificers that had been brought over, effected great reparations in the cathedral at 
York, which was in a decayed and ruinous state. He restored the roof, and covered it 
with lead, cleansed and whited the walls, and put glass into the windows; for, before he 
had introduced the glass makers, the windows of private dwellings as well as churches 
were filled with linen cloth, or with wooden lattices. It will be observed that the improve- 
ments we here mention were introduced by the bishops Wilfrid and Biscop towards the 
end of the seventh century ; but, from our ancient historians, it would appear that, in the 
eighth and ninth centuries, stone buildings were rarely met with, and, when erected, were 
objects of great admiration. The historian Henry observes, that “ when Alfred, towards 
the end of the ninth century, formed the design of rebuilding his ruined cities, churches, 
and monasteries, and of adorning his buildings with more magnificent structures, he was 
obliged to bring many of his artificers from foreign countries. Of these (as we are told by 
his friend Aperius) he had an almost innumerable multitude, collected from difterent na- 
tions ; many of them the most excellent in their several arts. Nor is it the least praise of 
this illustrious prince, that he was the greatest builder and the best architect of the age in 
which he flourished.” His historian, who was an eyewitness of his works, speaks in the 
following strain of admiration of the number of his buildings, “ WTiat shall I say of the towns 
and cities which he repaired, and of others which he !)ullt from the foundation ? ” Henry 
continues, — “ Some of his buildings were also magnificent for that age, and of a new and 
singular construction ; particularly the monastery of iEthelingay. The church, however 
was built only of wood ; and it seems probable that Alfred’s buildings were, in general, 
more remarkable for their number and utility than for their grandeur ; for there is suf- 
ficient evidence that, long after his time, almost all the houses in England, and the far 
greatest part of the monasteries and churches, were very mean buildings, constructed of 
wood and covered with thatch. Edgar the Peaceable, who flourished after the middle of 
the tenth century, observed (see William Malms, lib. ii. p. 32.), that, at his accession to 
the throne, all the monasteries of England were in a ruinous condition, and consisted only 
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of rotten boards.” The taste, however, of the Anglo-Saxons was not indulged in mag- 
nificent buildings ; and the incursions of the Danes, who destroyed wherever they came, 
together with the unsettled state of the country, may account for their revenues being ex- 
pended on mean and inconvenient houses. 

387. Under the circumstances mentioned, it may be safely inferred that the art was not 
in a very flourishing state in the other parts of the island. Indeed, the ancient Britons, 
after retiring to the mountains of Wales, appear to have lost it altogether ; and, as the 
Honourable Dairies Barrington (^Archaohgid) has thought, it is very probable that few, if 
any, stone buildings existed in Wales previous to the time of Edward I. The chief palace, 
called the White Palace., of the kings of Wales, was constructed with white wands, whose 
bark was peeled off, whence its name was derived ; and the price or penalty, by the laws of 
the country, for destroying the king’s hall or palace, with its adjacent dormitory, kitchen, 
chapel, granary, bakehouse, storehouse, stable, and doghouse, was five pounds and eighty 
pence, equal, in quantity of silver, to sixteen pounds of our money, or 160/. The castles 
appear also to have been built of timber ; for the vassals, upon whom fell the labour of 
building them, were required to bring with them no other tool than an axe. 

388. Neither do the arts of building appear to have been better understood in Scotland 
at the former part of the period whereof we are speaking. The church built at Lindis- 
farne by its second bishop, Finan, ii* 652, was of wood, — more Scotorum ; and it has already 
been mentioned that, for the stone church which Naitan, king of the Piets, built in 710, he 
was under the necessity of procuring his masons from Northumberland. In Scotland, there 
are still to be seen some stone buildings of very high antiquity, which Dr. Henry seems 
inclined to attribute to this period ; we, however, are inclined to place them in an age far 
anterior, later (but not much so) than Stonehenge. We have never seen them, and there- 
fore form our opinion from the description given in Gordon’s Itinerarivm Sepientrionale. 
These buildings are all circular, though of two different kinds, so different from each other 
that they seem to be the works of different ages and of different nations. The four prin- 
cipal ones are in a valley, called Glenbeg. Of a different period, too, we consider the 
circular towers which are found as well in Scotland as in Ireland. It is true that in both 
countries these are found in the neighbourhood of churches ; but that does not the more 
convince us that they were connected with them. 

389. Ducarel, in his Norman Antiquities, enumerates some of the churches in England 

Among them are those of 
Stukely in Buckingham- 
shire, Barfreston (Jig, 1 80. ) 
in Kent, and Avington in 
Berkshire. Other exam- 
ples exist in Waltham Ab- 
bey ; the transept arches 
at Southwell, Nottingham- 
shire; the nave of the abbey 
church of St. Alban’s, Herts; 
the nave of St. Frides- 
wide, Oxford, &c. &c. The 
Anglo-Saxon sera, though 
it. perhaps, properly com- 
prised the time between 
A. D. 600 to A. D. 1066 ; 
that is from the conversion 
of the Saxons to the Nor- 
man conquest, is not known 
with any thing approaching 
to certainty, from the reign 
of Edgar in 980 to the last- 
named event ; immediately 
previous to which Edward 
the Confessor had, during 
his lifetime, completed 
Westminster .\l)bey in a 

. ^ . , style then prevalent in Nor- 

, .*■; .. , j; . mandy, and with a magni- 

' ficence far exceeding any 

other then extant. No less 
than eighteen of the larger 
monasteries, all of them Be- 
nedictine, had been founded 
nAHyKRsTox cHi'ncH. b; the Saxon kings in 


which belong to the ages anterior to the Norman conquest. 
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their successive reigns ; and it is evident that the churches attached to them were the most 
decorated parts, as respected their architecture. The six principal of these were, St. 

Germain’s, in Cornwall; Col- 
chester, in Essex ; Tewkes- 
bury, in Gloucestershire ; St. 
Frideswide and St. Alban’s, 
already mentioned ; and Glas- 
tonbury, in Somersetshire. 
King selects the western por- 
tion of Tewkesbury as the 
grandest in England for effect 
and extent. The characteris- 
tics of Anylo‘ Saxon Architect 
ture are detailed in the follow- 
ing subsection. 

390. Arches. — Always se- 
micircular, often plain ; some- 
times decorated with a variety 
of mouldings on the soiite as 
well as on the face, the former being often entirely occupied by them. They are found 
double, triple, or quadruple, each springing from two columns, and generally cased with a 

different moulding, which is frequently double, thus 
making six or eight concentric circles of them ; and 
as each of them projects beyond that under it, a 
moulding is placed under them, generally the same as 
that used upon the face. (See^y. 183.) Columns. — 
Single, cylindrical, hexagonal or octagonal, on square 
plinths ; very few diameters in height. Shafts often 
ornamented with spiral or ffuted carving, with lo- 
zenge, herring-bone, zigzag, or batched work. (jFip. 
182. ) Capitals . — Indented with fissures of different 
len^hs and forms, and in different directions. The 
divisions thus formed are variously sloped off, or 
hollowed out towards the top. ( See the two exam- 
ples, 183., from the conventual church at Ely.) 
Occasionally the capitals have rude imitations of 
some member of a Grecian order, as in the crypt at 
Eastringham in Yorkshire, where volutes are used, 
(iwp. 184.) In their ornaments much variety is dis- 
played, but the opposite ones are mostly alike. 
Windows. — Semicircular-headed, extremely narrow 
in proportion to their height, being sometimes not 
more than six or eight inches wide to a height 
of more than three feet, and splayed or bevelled 
off on the inside through the whole thickness of 
the wall. — Of very great thickness, and 

Masonry of solid construction. Ceilings and Roofs. 
In crypts, as at York, Winchester, and a few other 



without any buttresses externally. 
— Almost always open timbering. 



places, vaulting is to be found. Ornaments, except in capitals, in arches and on 
shafts of columns are very sparingly employed. (See Norman Ornaments also in 

the toliowing section on Norman Architecture, subsect. 397.) Plans. Rectan 1 

and parallelogrammic ; being usually divided into a body and chancel, separated bv^Tn 
ornamented arch. The chancel sometimes of equal, and sometimes of less breadth than 
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the nave, and terminated towards the east in a semicircle. In larger churches, there 
is a nave and two side aisles, the latter being divided from the former by ranks of co- 
lumns; but no transepts appear till towards the latter part of the period. “ Whe- 
ther,” observes Mr. Millers, in his account of Ely Cathe^al, whose system we adopt, 
“ their churches were ever higher than one tier of arches and a range of windows 
above (as at Ely), may be questioned. Richard, prior of Hexham, speaks of three stories, 
which implies another tier of arches ; but if he is rightly so understood, this seems an ex- 
ception from a general rule, for the church at Hexham is spoken of by all writers who 
mention it, as the glory of Saxon churches in the seventh century. Afterwards, about 970, 
a considerable change took place ; transepts came into general use, with a square tower at 
the intersection, rising but little above the roo^ and chiefly used as a lantern to give light 
to that part of the church. Towers were also erected at the west end : the use of them 
coincides with the introduction of bells, at least of large and heavy ones.” TTie churches 
of this period were of small dimensions, and the comparative sizes of the Saxon and the Nor- 
man churches which followed is almost a criterion for their age. 

391. King (^Munimenta Antiqua^ vol. iv. p. 240.) gives three aeras of the Saxon style. 
1. From Egbert, 598 to 872. 2. From Alfred to Canute and Harold, 1036. 3. To the 

Norman conquest. He selects no less than thirty-seven examples of Saxon ornaments from 
mouldings on doorways only. As examples of the periods he adduces, of the Jirsty Bar- 
Jreston in Kent ; of the second^ the nave and choir of Christ Church Cathedral, Oxford, and 
Canute’s great entrance gate at St. Edmundsbury ; of the third, Southwell, Notts, and Waltham 
Abbey, Essex. It has been questioned by antiquaries whether any Saxon remains actually 
exist in the country ; but, admitting their arguments, which are founded on references to 
records — no mean authorities, — it must be recollected that, on their own showing, some 
of these trench so close upon the period of the Conquest as to show that the Saxon style 
might have prevailed in them, for the general change of style in any art is not effected in a 
day. If we look for examples coeval with the Saxons themselves, and without controversy 
to be attributed to them, they will, perhaps, be found only in crypts and baptismal fonts ; 
for many churches were rebuilt by the Normans, who left these parts untouched. The 
castles of Roman or Saxon foundation were, Richborough, in Kent ; Castletown, in Derby- 
shire ; Porchester, in Hampshire ; Pevensey, in Sussex ; Castor, in Norfolk ; Burgh, in 
Suffolk ; Chesterford, in Essex ; Corfe, Dorset ; Exeter Castle gateway ; Dover, in Kent ; 
and Beeston, in Cheshire. 


Sect. II. 

KORMAK ARCHITECTURE. 

392. From the landing of William in 1066, architecture received an impulse, indicated 
in various styles, which lasted till the time of the Tudors ; when, as we shall hereafter see, 
it gave way to one altogether different. That called the Norman style, which continued 
from 1066 to nearly 1200, comprised the reigns of William I., William II., Henry I., 
Stephen, Henry II., and Richard I. The twelfth century exhibited a rage for building 
in Britain more violent than has been since seen. The vast and general improvements that 
were introduced into fabrics and churches in the first years of this century are thus de- 
scribed by a contemporary writer ( Orderic. Vital. Hist. Eccles., lib. x. p. 788.) : — “ The 
cathedrals, and abundance of churches, newly built in all parts of the country, the great 
number of splendid cloisters ai^ monasteries, and other residences for monks, that were 
there raised, suflficiently prove the happiness of England rinder the reign of Henry I. 
Peace and prosperity were enjoyed by the religious of all orders, who lent their whole power 
to increase the magnificence and splendour of divine worship. I*he ardent zeal of the faithful 
prompted them to rebuild their houses, and specially their churches, in a more suitable 
manner. Thus the ancient edifices raised in the days of Edgar, Edward, and other Chris- 
tian kings, were taken down, and others of greater magnitude, beauty, and more elegant 
workm ans hip, were reared in their stead to the glory of God.” As an examjple of the fervour 
with which these objects were carried into effect, we cite the following instance, quoting 
from Dr. Henry, upon whom we have drawn, and shall draw, rather largely. “ When Jotfred, 
abbot of Croyland, resolved to rebuild the church of his monastery in a most magnificent 
manner (a.». 1106), he obtained from the archbishops of Canterbury and Itork a bull dis- 
pensing with the third part of all penances for sin to those who contributed any thing 
towards the building of that church. This bull was directed not only to the king and 
people of England, but to the kings of France and Scotland, and to all other kings, earls, 
barons, archbishops, bishops, abbots, priors, rectors, presbyters, and clerks, and to all true 
believers in Christ, rich and poor, in all Christian kingdoms. To make the best use of 
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this bull, he sent two of his most eloquent monks to proclaim it over all France and Flan- 
ders ; two other monks into Scotland ; two into Denmark and Norway ; two into Wales, 
Cornwall, and Ireland; and others into different parts of England. By this means (says 
the historian) the wonderful benefits granted to the contributors to the building of this 
church were published to the very ends of the earth ; and great heaps of treasure, and 
masses of yellow metal, flowed in firom all countries upon the venerable abbot Joflfred, and 
encouraged him to lay the foundations of his church. Having spent about four years in 
collecting mountains of different kinds of marble from quarries, both at home and abroad, 
together with great quantities of lime, iron, brass, and other materials for building, he fixed 
a day for the great ceremony of laying the foundation, which he contrived to make a very 
effectual mean of raising the superstructure; for on the long-expected day, the feast of 
the holy virgins Felicitas and Perpetua, an immense multitude of earls, barons, and 
knights, with their ladies and families, of abbots, priors, monks, nuns, clerks, and persons 
of all ranks, arrived at Croyland to assist at this ceremony. The pious abbot Joffred began 
by saying certain prayers, and shedding a flood of tears on the foundation. Then each of the 
earls, barons, knights, with their ladies, sons, and daughters, the abbots, clerks, and others, 
laid a stone, and upon it deposited a sum of money, a grant of lands, tithes, or patronages, 
or a promise of stone, lime, wood, labour, or carriages for building the church. After this 
the abbot entertained the whole company, amounting to five thousand persons, to dinner. 
To this entertainment they were well entitled ; for the money and grants of different kinds 
which they had deposited on the foundation stones were alone sufficient to have raised a 
very noble fabric.” This spirit extended throughout the island ; for, in Scotland, David I. 
raised thirteen abbeys and priories, some of them on a scale of considerable magnificence, 
besides several cathedrals and other churches. 

393. The common people of the country, and the burgesses in the towns, were not 
much better lodged than in the previous age ; their condition, indeed, was not improved. 
In London, towards the end of the twelfth century, the houses were still built of timber, 
and covered with reeds or straw. The palaces, however, or rather castles, of the Anglo- 
Norman kings, nobility, and prelates, were on a very superior construction. William of 
Malmesbury says that the Anglo-Saxon nobility squandered their ample means in low and 
mean dwellings ; but that the French and Norman barons lived at less expense, though 
dwelling in large and magnificent palaces, llie fact is, that among these latter the rage for 
erecting fortified castles was quite as great as that of erecting ecclesiastical buildings 
among the prelates. The system became necessary, and was induced as well by the pre- 
vious habits of the country they had left, as by their situation in the island. Surrounded 
by vassals whom they held in subjection, and whom they depressed and plundered in every 
way, they were so detested by them that deep fosses and lofty walls were necessary for 
their security. The Conqueror himself, aware that the want of fortified places had no less 
assisted his conquest than it might his expulsion, resolved to guard against such a contin- 
gency by the strong castles which he placed within the royal demesnes. Matthew Paris 
observes that William excelled all his predecessors in the erection of castles, in executing 
which he harassed his subjects and vassals. So much was the practice a matter of course, 
that the moment one of the nobility had the grant of an estate from the crown, a castle was 
built upon it for his defence and residence; and this spirit was not likely to be diminished 
by the disputes relative to the succession in the following reigns. William Rufus, accord- 
ing to the statement of Henry Knighton, was as much addicted to the erection of royal 
castles and palaces as his father, as the castles of Dover, Windsor, Norwich, and others 
sufficiently prove ; and it is certain that no monarch before him erected so many and noble 
edifices. Henry I. followed in his taste; but in the reign of Stephen, 1135 to 1154, says 
the author of the Saxon Chronicle, every one who had the ability built a castle, and the 
whole kingdom was covered with them, no fewer than 1115 having been raised from their 
foundations in the short space of nineteen years ; so that the expression is by no means 
stronger than is justified by the fact. 

394. It will proper here to give the reader some concise general description of these 
structures, which served for residence and defence. The situation chosen for a castle was 
usually on an eminence near a river. Its figure on the plan was often of great extent, and 
irregular in figure; and it was surrounded by a deep and broad ditch, called the fosse, 
which could be filled with water. An outwork, call^ a barbican, which was a strong and 
lofty wall, with turrets upon it, and designed for the defence of the great gate and draw- 
bridge, was placed before the latter. W'ithin the ditch, towards the main building, was 
placed its wall, about 8 or 10 ft. thick, and from 20 to 30 ft. high, with a parapet and 
embrasures, called crennels, on the top. At proper intervals above the wall square towers 
were raised, two or three stories in height, wherein were lodged some of the principal 
officers of the proprietor of the castle, besides their service for other purposes ; and, on the 
inside, were apartments for the common servants or retainers, granaries, storehouses, and 
other necessary offices. On the top of the wall, and on the flat roofs of the towers, tlie 
defenders were placed in the event of a siege; and thence they discharged arrows, dart*:. 
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and atones on their assailants. The great gate was placed in some part of the wall flanked 
with a tower on each side, with rooms over the entrance, which was closed with massive 
oak folding doors, frequently plated with iron, and an iron grate, or portcullis, which, by 
machinery, was lowered from above. Within this exterior wall, or ballium, was, in the 
more extensive castles, the outer haUium, which was a large open space or court, wherein 
a church or chapel was usually placed. Within the outer ballium was another ditch, with 
wall, gate, and towers, inclosing the inner ballium or court, in which was erected the 
large tower, or keep. It was a large fabric, some four or five stories high, whose enormously 
thick walls were pierced with very small apertures, serving barely as windows to the gloomy 
apartments upon which they opened. This great tower was the dwelling of the owner of 
the castle ; and in it was also lodged the constable, or governor. It was provided with 
underground dismal apartments for the confinement of prisoners, whence the whole build- 
ing received the appellation of dungeon. In the keep was also the great hall, in which the 
friends and retainers of the owner were entertained. At one end of the great halls of 
castles, palaces, and monasteries, a low platform was raised a little above the rest of the 
floor, called the dais, on which stood the principal table whereat persons of higher rank 
were placed. The varieties which occurred in the arrangement and distribution of castles 
were, of course, many, as circumstances varied ; but the most magnificent were erected nearly 
on the plan we have just described, as may be gathered as well from their ruins as from an 
account by Matthew Paris of the taking of Bedford Castle by Henry III., a.d. 1224. 
This castle, we learn from him, was taken by four assaults. In the first was taken the bar- 
bican ; in the second, the outer ballium ; in the third attack, the miners threw down the 
wall by the old tower, where, through a chink, at great risk, they possessed themselves of 
the inner ballium ; on the fourth assault, the miners fired the tower, which thereby became 
so injured and split that the enemy thereon surrendered. The keeps of which we have 
spoken are such extraordinary edifices, that we think it right to place before the reader, 
from the Discourses upon Architecture of our late much esteemed and learned friend, the 
Rev. James Dallaway, the following table of some of the principal ones of the Norman 
Jcra. 
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.... 

— 

92 


Colchester 

• 

. 

140 

102 



Three large rooms on 








each floor. 


Norwich 

• 

. 

no 

92 

70 

. - - - - 

Roger Bigod. 

Ludlow 

• 

• 




no 

Four stories. 

Roger de Laci. 

Hedingbara 

. 

. 

62 

55 

100 

Three tiers above base- 






roent. 


Guildford 

Oxford 

- 

- 

42 

47 

— 


Robert D'Oiley. 

Bamborough 

. 


- 

- 

- 

- - . - - 

1070. 

Richmond 

_ 

_ 

. 

- 


Vault supported by a 

noo. 







single octangular pil- 
lar 


Newcastle upon Tyne 

82 

62 

54 

By internal arches and 

1080. Robert Curthoise. 







door cases in Nor- 
man style. 


Corfe 


- 

72 

60 

80 


Round, or Polygonal. 

Arundel 



69 

57 

.... 

Roof open in the centre, 

1070. Roger Montgo- 







straight buttresses. 

meri. 

Conisburgh 

. 


23 diameter. 

Three floors, two of 

1070. W.de Warren. 






them state apart- 
ments. 



York 



64 

45 

. 

Four segments of 

1068. William the Con- 







circles 

queror. 

Tunbridge 

.. 


64 

50 



1120. Rob. Fitzharding. 

Berkeley 

. 

. 

. 


. 

Circular, flanked by 






four small towers. 


Lincoln 






- » - - • 

1086. William the Con- 








queror. 

Oxford 



. 



Polygon, flanked by 








three square towers. 

Rebuilt by Edw. III. 

Windsor 



90 

85 


. - - - - 

Durham 

- 

- 

63 

61 

— 

- 

Heightened in 1830. 


395. Gundulph is said to have introduced the architectural ornaments of the Norman 
style into the interior as well as on the exterior of castles. The use of battlements, loop- 




172 


HISTORY OF ARCHITECTURE. 


Book I. 


holes, and open galleries, or machicolations, was certainly, as our author above quoted re< 
marks, known to the Romans. 

Trees contra, defendere saxis 

Ferque cavas densi tela intorquere fenestras. JSn. 1. ix. 533. 

The architects and artificers by whom the Norman works were planned and executed were 
men of great science and skill, and the names of several have most deservedly obtained a 
place in history. Gervase of Canterbury records that William of Sens, the architect of Arch- 
bishop Lanfiranc in building his cathedral, was an artist of great talents ; and that he not 
only made a complete model of the cathedral upon which he was employed, but of all the 
details of sculpture necessary for its execution, besides inventing machines for loading and 
unloading the vessels, and conveying the heavy materials, many whereof were brought from 
Normandy. Of Walter of Coventry, another architect of the age, Matthew Paris speaks in 
the highest terms, saying that ** so excellent an architect had never yet appeared, and pro- 
bably never would appear in the world.” Dr. Henry on this very properly observes, 
'riiat this encomium was undoubtedly too high ; but it is impossible to view the remains 
of many magnificent iabrics, both sacred and civil, that were erected in this period, without 
admiring the genius of the architects by whom they were planned, and the dexterity of the 
workmen by whom they were executed” 

396. Of the twenty-two English cathedrals, fifteen retain parts of Norman erection, 
whose dates are pretty well ascertained; and by them the Norman manner was progressively 
brought to perfection in England. We subjoin the following enumeration of Norman 
bishops, who were either patrons of the art, or practising it themselves. 


A. n. 

Bishop, or Architect. 

Works. 

1069 to 1069 
1077 to 1107 
1086 to 1106 
1093 to 1133 

1080 to 1100 
1107 to 1140 
1115 to 1125 
1123 to 1147 
1129 to 1169 

! 1158 to 1181 

1 

Aldred, Bishop of Worcester. 
Gundulph, of Rochester. 

Maurice, of Londoo. 

William de Carilepho. 

Lanfraoc, of Canterbury. 

Roger, of Salisbury. 

Ernulf, of Rochester. 

Alexander, of Lincoln. 

Henry of BloU, Bishop of Winchester. 

Roger, Archbishop of York. 

St. Peter’s, Gloucester; 

Rochester, Canterbury, and Peterborough. 

Old St. Paul’s Cathedral. 

Cathedral of Durham, but completed by Ra- 
nuiph Flambard. 

Cathedral at Old Sarum. 

Completed Gundulf’s works at Rochester. 
Rebuilt his cathedral. 

Conventual churches of St. Cross and Rum- 
sey, in Hampshire. 


Of Norman architecture the principal characteristics are subjoined in the following sub- 
section. 

397. Archti , — Generally semicircular, as in the nave of Gloucester, here given {Jig. 185.), 
Of larger opening than the 
Saxon, and their ornaments 
less minute ; often bound- 
ed by a single moulding, 
though sometimes by more 
than one; occasionally with- 
out any moulding at all ; 
the soffitt always plain. 

In the second story, two 
smaller equal arches under 
one larger, with a column 
of moderate size, or even 
comparatively slender, be- 
tween them. In the third 
story (see Jig. 186.), gene- 
rally three together, the 
centre one higher and 
broader than the others, and 
opened for a window ; but 
the whole three only oc- 
cupy a space equal to that 
of the lower arch. Arches of entrance are profusely decorated 
{Jig. 187., from Ely) with mouldings, foliage, wreaths, masks, 
figures of men and animals in relief, and all the fancies of the 
wildest imagination, in which every thing that is extravagant, 
grotesque, ludicrous, nay, even grossly indecent, is to be found. 

Before the end of the period — and we may almost say early in 
it — it exhibits examples of pointed arches. They are, how- 
ever, sparingly introduced : one or more tiers appear in the up- 
per stories of a building, whilst all the lower ones are circular. 




Sometimes they are intro- 
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duced alternately, sometimes we find one capriciously inserted between several round ones: 
these are, for the most part, obtusely pointed, though occasionally they £ure the reverse. 

They are always wid^ stand on 
h^vy columns, or are decorated 
with mouldings, or both. The 
approaches to the pointed style 
were not strongly marked, but 
they were indicated; for the 
pointed style cannot be pro- 
nounced to have commenced 
until the sharp-pointed arch 
sprung from a slender column 
graced with a capital of carved 
foliage, and this it is not safe 
to place earlier than the reign 
of John. The arch which rises 
. more than a semicircle does 
not very often occur; but it 
• • must be mentioned as exhibit- 
ing one of the varieties of the 
period. Columns. — These are 
of veiy large diameter relative 
to their heights and intervals. 
Their shafts are circular, hexa- 
gonal, and sometimes octago- 
nal, on the plan ; fluted, lo- 
zenged, reticulated, and other- 
^ wise sculptured. Sometimes 

P they are square on the plan, 

^ and then accompanied by por- 

tions of columns or pilasters 
applied to them. Sometimes 
four columns are connected 
together, with or without an- 
gular pieces. They are much 
higher in proportion to their 
diameters than the Saxon co- 
lumns heretofore described ; 
and though their capitals are 
not unfrequently quite plain, 
they are more commonly deco- 
rated with a species of volute. 
The bases stand on a strong p lin th^ 



- * 


Fig. 187. 
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or with plants, flowers, leaves, shells, animals, &c. ..,e oases siaim on a 

adapted on Us plan to receive the combined and varied forms of the columns. Ifiadois, are 
still i^ow, and semicircular-headed ; but they are higher, and ofien in groupsof two or three 
together. Ceilings, usually, if not always, of timber, except in crypts, in which they are 
vaulted with stone, with groins mostly plain, yet sometimes ornamented on the edge, but uni- 
versaUy without tracery. The WTiite Tower of London, however, exhibits an example of a 
rantre aisle covered with vaulting. Our belief is, and in it we are corroborated by the Rev. 
Mr. OaUaway, whose juogment we hold in no small esteem, that there is no instance of a 
genmne .^lo-Norman building which was intended to be covered with a stone roof or 
reUmg. ^is IS not only mdicated by the detaU, hut by the circumstance of the walls 
insufficient (thick as they are) in soUdity to resist the thrust. Peterborough. Ely, 
. orthampton, Steyning, Romsey, &c. are calculated and constructed to receive 
wooden roofe only. fTalh, are of extraordinary thickness, with but few buttresses, and 

those of small projection ; flat, broad, and usually without ornament. Ornaments Among 

these must be first naftied the ranges of arches and pilasters which had nothing to support, 
already incidentally mentioned, and which were intended to fill up void spaces, internally 
as well as externally, for the purpose of breaking up large ma^es of surface ; they are 
very common on the inside of north and south walls, sometimes intersecting each other so 
^to pro^ce those compartments that are alleged to have given rise to the pointed arch. 
Ihe mouldings of the Saxon period continued much in use, and we ought, perhaps to 
have given some of them, as belonging to the preceding section ; and, indeed, should have 
so done, if, in the Nom^ style, they had not increased in number and variety, and had 
not al^ b^n employed in proftision almut the ornamental arches just named, e^ecially in 
conspicuous places on the outside, as in the west front especially. The m<^t usual oma- 
WMMts {fig, 188.) were, 1. The chevron, or zigzag moulding; 2. The embatiled freUe t 
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3. The tnmgvlar frette; 4. The naakeod; S. The hWets 6. The caWe; 7. The hatched; 
8. The lozenge; 9. The wavy; 10. The pellet moulding; 11. The nebule. The torus was 
used, as was also the caretto, which were both of Grecian extraction. The chief of these 
ornaments, perhaps all, were used in the Saxon age, besides others which were oc- 
casionally employed, and which to designate by name would be difficult j such, for in- 
stance, as the corbel-table (12), which consists of small ranges of arches, resting on brackets 
sometimes decorated with carved heads, often introduced along the whole building im- 
mediately below the eaves or battlement. Sometimes carved beads are observed in the 
spandrels of arches, and are also used as capitals of the ornamented pilasters, or as cor- 
bels, to support what is called the canopy, or exterior semicircle of motilding on arches 
of entrance, or above the keystones of those arches. There are instances of whole figures 
over doors in mezzo-rilievo, which Millers observes was the nearest approach the Ndrmans 
seem to have made to a statue. Plans. — The churches of this period are always with 
transepts, and a tower at the intersection, loftier than heretofore, but without spires over 
them. There are rismg from them stories of arches, one above the other ; and the eastern 
ends are semicircular. Though much of the Saxon style is retained, there is, from the 
larger dimensions of the edifices of this period, a much more impressive air of mag- 
nificence than had before appeared. Millers very truly says, that the churches were 
“in all dimensions nmeh ampler, with a general air of cumbrous massive grandeur. 
The Normans were fond of stateliness and magnificence ; and though they retained the 
other characteristics of the Saxon style, by this amplification of dimensions they made such 
a striking change as might justly be entitled to the denomination which it received at 
its first introduction among our Saxon ancestors, of a new style of architecture.” The 
criterion between the Saxon and Norman styles, of enlarged dimensions, is too vague 
to guide the reader in a determination of the age of buildings of this period ; for it is only in 
Imge edifices, such as cathedral and conventi^ churches, with their transepts, naves, side 
aisles, and arches in tier above tier, that this can be perceptible. There are many parish 
churches of this age, whose rimpUcity of form and small ffimensions have been mistaken 
for Saxon buildings ; and which, from not posting any of the grander Norman features, 
have been assigned to an earlier age. The distinction ascertainable from heights of co- 
lumns,— namely, takmg the height of the Norman column at from four to six diameters, 
and that of the Saxon at only two,— vrill, we tear, be insufficient to decide the question in 
cases of doubt ; but it must be admitted this is one of the means which, in some measure, 
would lead us to an approximate judpnent of the matter, and a careful observation and 
comparison of specimens would make it more definite. We shall here merely add, that the 
first Norman architects, by the lengthened vista of the nave, uninterrupted by any choir 
screen, produced a sublime mid imposing effect by the simple grandeur and amplitude of 
dimensions in their churches. 

398. Examples. — Examples of Norman architecture in English cotfiedrolcAarcies are to be 

fou^ at Ely, in the western towers and nave ; at Bristol, in the elder Lady Chapel, and Chap- 
ter House ; at Canterbury in the choir, and the round part called Becket’s Crown ; at Norwich, 
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in the nave and choir ; at Hereford, in the transept tower and choir ; at Wells, in the nave 
and choir ; at Chester, in the Chapter House ; at Chichester, in the presbytery ; at Peter- 
borough, in the transept. In the conventual churches, for examples we may refer the reader 
to Llantony, near Monmouth ; the nave and west front of Fountains, Yorkshire ; the nave 
and chapel of St. Joseph, at Glastonbury ; the west front at Selby, in Yorkshire ; many parts 
at St. Alban's; the choir at Wenlock, in Shropsliire ; CartmeXL, in Lancashire; Furness ; West 
End, at Byland, with the wheel window, and the south transept ; parts of Bolto7i, in York- 
shire ; part of Brinkboum, in Northumberland ; part of Edmondshury, in Suffolk ; and St. 
John's Church, at Chester. For examples of parochial churches, Melton, Suffolk ; Sotterton 
and Sleaford, Lincolnshire ; Christchurch, Hampshire ; Sherboum Minster, Dorset ; Win- 
chelsea,Steyning, and New Shoreham, Sussex; chancel of St. Peters, Oxford; Earl's Barton 
Tower, Northamptonshire ; West Walton Tower, Norfolk ; Iffiey, Oxfordshire ; Castle Rising, 
Norfolk ; St. Margaret's Porch, at York ; St. Peter's Church, Northampton ; besides several 
round or polygonal bell-towers, both in Suffolk and Norfolk, — may be referred to. Ex- 
amples of military Norman architecture, from 1070 to 1270, were at Launceston, Cornwall ; 
Arundel, Sussex ; Windsor, in Berks (rebuilt) ; Tower of London ; the square keeps of 
Hedingham, Essex ; Caerphilly, Glamorgan ; Cartsbrook, Isle of Wight ; Porchester, Hants 
(1160); Guildford, Surrey; Bamborough, Northumberland; Kenilworth, Warwickshire; 
Richmond, Yorkshire; Cardiff, Glamorganshire; Canterbury, Kent; Oxford (1071); 

Northumberland (1 120) ; Gisborough, Yorkshire (1120); Castle Rising, Nor- 
folk ; Middleham, Yorkshire ; Cochermouth, Cumberland ; Durham (1153) ; Lincoln (1086) ; 
Berkeley, Gloucestershire (1153); Lancaster; Orford, Suffolk, polygonal (1120) ; Ludlow, 
Salop (1120); Aent7aror^A, enlarged (1220) ; Warkworth, Northumberland, square, with the 
angles cut off; Denbigh; Beeston, Cheshire ; Hawarden, Pembrokeshire. 


Sect. III. ^ 

EARLY ENGLISH ARCHITECTURE. 

399. The next period of architecture in Britain which comes under our consideration, 
following, as we consider it, the sensible classification of the Rev. Mr. Millers, is that 
which he has denominated the early English style, whose duration was from about 1200 to 
1300 ; extending, therefore, through the reigns of John, Henry III., and Edward I., during 
which the building of churches and monasteries was still considered one of the most 
effectual means of obt^ning the pardon of sin, and consequently the favour of Heaven. In 
the thirteenth and fourteenth centuries, the churches built in Britain were almost 
innumerable. 

400. We have already noticed (chap. ii. sect. x\'.)the introduction of the pointed arch into 
architecture ; a feature which completely changed, from all that previously existed, the cha- 
racter of the edifices to which it was applied. If any service could be rendered to the history 
of the art, or if the solution of the problem, “who were its inventors?” could throw any 
useful light on the manners and customs of the people that first adopted it, we should be the 
last to relinquish the investigation. The question has furnished employment to many literary 
idlers, especially at the universities, whose time might, perhaps, have been more usefully 
employed in looking after the young men under their charge, especially as they have all, 
except Whittington, done little, if any thing, towards advancing a knowledge of the subject, 
which involves information possessed by few of them, of whom the latest have done the 
least. 

401. During the reign of Henry III. alone, no less a number than 157 abbeys, priories, 
and other religious houses were founded in England. Several of our cathedris and con- 
ventual churches in a great part belong to this period, in which the lancet or sharp-pointed 
arch first appeared in the buildings of this country, though on the Continent it was used 
nearly a century earlier. The great wealth of the clergy, added to the zeal of the laity, 
ftirnished ample funds for the erection of the magnificent structures projected ; but it was 
with extreme difficulty that workmen could be procured to execute them. With the popes 
it was, of course, an object that churches should be erected and convents endowed ; hence 
they granted by their bulls many indulgences to the Society of Freemasons, which had 
greatly increased in its numbers. These Freemasons appear to have ranged from one 
nation to another ( Wren's Parentalia), as they found churches to be built : their govern- 
ment was regular, and when they fixed near the building in hand they made a camp of 
huts. A surveyor governed in chief ; every tenth man was called a warden, and over- 
looked each nine. “ Those who have seen the account in records of the charge of the 
fabrics of some of our cathedrals, near 400 years old, cannot but have a great esteem for 
their economy, and admire how soon they erected such lofty structures.” It was in the 
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course of this period that sculpture was first made extensively available for architectural 
decoration. 'Die cathedral, conventual, and other churches built in Britain, began to be 
ornamented on the outside with statues of various dimensions in basso and alto rilievo. 
They were not equal in execution to those of France, which have also had the additional 
good fortune to have been better preserved, from their exposure to seasons less inclement, 
and to an atmosphere unimpregnated with the smoke of coal. 

402. Great improvements seem to have taken place in the castles of the time ; they still 
continued to serve for the dwelling and defence of the prelates and barons of the country. 
The plans of them were generally similar to those already described ; but it must still be 
conceded that the inhabitants and owners of them sacrificed their convenience to their 
security, which seems to have been the chief concern in the construction of their castles, 
whose apartments were gloomy, whose bed-chambers were few and small, whose passages 
were narrow and intricate, and their stairs steep and dark. The plan, however, as 
Mr. Dallaway observes, “ which allowed of enlarged dimensions, and greater regularity and 

beauty in the architecture of the 
towers, owes its introduction into 
England to King Edward I. We 
may, indeed, consider his reign as 
the epoch of the grand style of 
accommodation and magnificence 
combined in castle architecture. 
When engaged in the Crusades, he 
surveyed with satisfaction the supe- 
rior form and strength of the castles 
in the Levant and in the Holy 
Land.” Of the five castles erected 
by him in Wales, Caernarvon 189.), Conway {jig^ 190.), Harlech, and Beaumaris still 
retain traces of their ancient magnificence; but that of Aberystwith has scarcely a feature left. 

Caernarvon Castle consisted 
of two distinct parts: one mili- 
tary, and suited to the recep- 
tion of a garrison ; the other 
palatial. The ground plan 
was oblong, unequally divided 
into a lower and an upper 
ward. Of the towers, which 
are all polygonal, the largest, 
from some tradition called the 
Eagle Tower, has three small 
angular turrets rising from 
it ; the others having but one 
of the same description. ^^The 
enclosing walls,” continues 
Mr. Dallaway, “are seven feet 
thick, with alures and para- 
pets pierced frequently with 
oeillet holes. A great singularity is observable in the extreme height both of the great 
entrance gate and that which is called the Queen’s. Leland observes of the portcullises at 
Pembroke, that they were composed ex solido ferro. In confirmation of the opinion that the 
royal founder adopted the form of such gates of entrance from the East, similar ones are 
almost universal in the castles, mosques, and palaces of the Saracens, which he had so fre- 
quently seen during the Crusades. 'Die tower of entrance from the town of Caernarvon is 
still perfect, and is the most handsome structure of that age in the kingdom. It is at 
least 100 ft. high ; and the gateway, of very remarkable depth, is formed by a succession 
of ribbed arch^, sharply pointed. The grooves for three portcullises may be discovered ; 
and above them are circular perforations, through which missile weapons and molten 
lead might be discharged upon the assailants. In the lower or palatial division of the 
castle stand a large polygonal tower of four stories, which was appropriated to Queen 
Eleanor, and in which her ill-fated son was born, and another which was occupied by 
the king, of a circular shape externally, but square towards the court. The apartments in 
the last mentioned are larger, and lighted by windows with square heads, and intersected 
with carved mullions. There is a singular contrivance in the battlements, each of which 
had an excavation for the archer to stand in, pointing their arrows through the slits ; 
and, a curious stratagem, the carved figures of soldiers with helmets, apparently looking 
over the parapet. This device is repeated at Chepstow.” The ornamental character of 
the architecture at Caernarvon and Conway is rather ecclesiastical, or conventual, than 
military. At Conway, as has been well observed by an anonymous author, “ what is 
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called the Queen’s Oriel is remarkable for the fancy, luxuriance, and elegance of the work- 
manship. Nor is the contrivance of the little terraced garden below, considering the 

history of the times, a matter of small 
curiosity, where, though all the sur- 
rounding country were hostile, fresh 
air might be safely enjoyed ; and the 
commanding view of the singularly 
beautiful landscape around, from both 
that little herbary or garden, and the 
bay window or oriel, is so managed as 
to leave no doubt of its purpose.” 

403. The model of Conway Castle 
has little resemblance to that we have 
just left. It resembles rather the 
fortresses of the last Greek emperors, 
or of the chieftains of the north of 
Italy. The towers are mostly cir- 
cular, as are their turrets, with a 
and machicolations, not seen at Caernarvon, are in- 
The greater part of the castlec of Wales and Scotland for the defence of the 
marches were built 





CASa-rBO-Lv castls. 


single slender one rising from each ; 
troduced. 


reign of Ed- 

iJ^il I At '*^1 ward I. On the 

subjugation of the 
former country, and 
its partition into 
lordships among 
Edward’s follow- 
ers, many castles 
were reared upon 

Fijf. 192. TBSFOIL AKB CIBQLIBFOIL BEADS. ^hC gCnCral pUtt of 

those he bad erected, though varying in dimensions 
and situation, according to the means of defence pro- 
posed to be secured to their founders and possessors. 

We may here observe, that in the castle at Conway 
Edward 1. erected a hall 129 ft. by 31, and 22 ft. 
high, which is formed to suit the curvature of the 
rock ; and that from that period no residence of 
consequence, either for the nobility or feudal lords, 
was erected with- 
out one, varying, 
however, of course, 
in their minuter 
parts, according to 
circumstances, and 
in degree of mag- 
nificence. 

404. Caer-Phil- 
ly Castle, in Gla- 
morganshire (^y. 

191.}, was another 

of the castles of this period. It was the strong-hold of the De Spencers in the reign of 
the second Edward, Its vallations and remains are very extensive. 'I’he hall was much 
larger than that at Conway. 

405. The characteristics of this style are, that the arches are sharply (lancet) pointed, and 
lofty in proportion to their span. Ih the upper tiers 
two or more are comprehended under one, finished in 
trefoil or cinquefoil heads 192.) instead of points, the 
separating columns being very slender. Columns on which 
the arches rest (Jiff. 193.) are very slender in proportion 
to their height, and usually consist of a central shaft sur- 
rounded by several smaller ones (Jiff. 194.). base 

takes the general form of the cluster, and the capital (Jiff. 
195.) is frequently decorated with foliage very elegantly 
composed. The windows are long, narrow, and lancet 
shaped, whence some writers have called this style the 
Lancet Gothic. They are divided by one plain mullion, 
N 
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or in upper tiers by two at most, finished at the top with some simple ornament, as a lozenge 
or a trefoil. They have commonly small marble shafts on each side, both internally and ex- 
ternally ; two, three, or more together at the east or west end, and tier above tier. Roofs 
are high pitched and the ceilings vaulted, exhibiting the first examples of arches with cross 
springers only, which in a short period diverged into many more, rising firom the capitals of 
the columns, and almost overspreading the whole surface of the vaulting. The longitudinal 
horizontal line which reigned ^ong the apex of the vault was decorated with bosses of flowers, 
figures, and other fiuicies. Walls much reduced in thickness from those of the preceding pe- 
riod : they are, however, externally strengthened with buttresses, which, as it were, lean 
agiuiist them for the purpose of counteracting the thrust exerted by the stone vaults which 
form the ceilings, and which the walls and piers by their own gravity could not resist. The 
buttresses are moreover aided in their office by the pinnacles, adorned with crockets at their 
angles, and crowned with finial flowers, by which they are surmounted. The ornaments now 
become numerous, but they are simple and elegant. The mouldings are not so much varied 
as in the Norman style, and are generally, perhaps universally, formed of some combination 
of leaves and flowers, used not only in the circumference of arches, especially of windows, 
but the columns or pilasters are completely laid down with them. Trefoils, quatrefoils, 
cinquefoils, roses, mullets, bosses, paterae, Ac. in the spandrils, or above the keystones of 
the arches and elsewhere. The ornamental pinnacles on shrines, tombs, &c. are extremely 
high and acute, sometimes with and sometimes without niches under them. In ei^t and 
west fronts the niches are filled with statues of the size of life and larger, and are 
crowned with trefoil, Ac. heads, or extremely acute pediments, formed by the meeting of 
two straight lines instead of arcs. All these ornaments are more sparingly introduced into 
large entire edifices than in smaller buildings or added parts. The plans are generally 
similar to those of the second period ; but that important feature the tower now begins to 
rise to a great height, and lanterns and lofry spires are frequent accompaniments to the 
structure. It will naturally occur to the reader, that in the transition from the second to 
the third style, the architects left one extreme for another, though it has been contended 
that the latter has its germ in the former. However that may be, the period of which we 
are now speaking was undoubtedly the parent of the succeeding styles, and that by no 
very forced or unnatural relationship. 

406. The principal examples of the early English style in the cathedral churches of 
England are to be seen at Oxford, in the chapter<house. Lincoln, in the nave and arches 
beyond the transept. York, in the north and south transept. At Durham, in the additional 
transept Wells, the tower and the whole western front Carlide, the choir. Ely, the 
presbytery. Worcester, the transept and choir. Salisbury, the whole cathedral ; the only 
unmixed example. At Rochester, the choir and transept. “ It is well worthy of observa- 
tion,” says Mr. Dallaway, that though the ground plans of sacred edifices are, generally 
speaking, similar and systematic, yet in no single instance which occurs to my memory do 
we find an exact and unvaried copy of any building which preceded it in any part of the 
structure. A striking analogy or resemblance may occur, but that rarely.” 

407. The examples of conventual architecture of this period, to which we beg to refer 
the reader, are those of Lanercost, in Cumberland ; Rivavlx, Yorkshire Westminster Abbey. 
At Fountains, the choir and east end ; Tinteme Abbey, in Monmouthshire ; Nedey, Hamp- 
shire ; Whidty, in Yorkshire ; Valle Cruets, in Denbighshire ; Ripon Minster and the 
south transept of Beverley Minster, in Yorkshire ; Milton Abbey, Dorsetshire ; part of the 
nave of St. Alban*s ; Tinemoutk and Brinkbourn, Northumberland ; Vale Royal, in Cheshire ; 
and the eastern fo^ade of Howden, in Yorkshire. 

408. Among the examples of parochial churches in this style are Grantham, in Lincoln- 
shire, whose tower is 180 ft. high ; Attelborough, in Norfolk ; Higham Ferrars, in North- 
amptonshire ; St. Michael, Coventry ; Truro, in Cornwall ; Witney, in Oxfordshire ; Strat- 
ford upon Avon, in Warwickshire ; St. Peter Mancroft, Norwich ; Boston, Lincolnshire, 
remarkable for its lantern tower rising 262 ft. from the ground, and perhaps almost 
belonging to the succeeding period ; St. Mary, EdmuwTs Bury, Suffolk ; Maidstone, in 
Kent ; and Ludlow, in Shropshire. 


Sect. IV. 

ORKAMEKTED ENGLISH ARCHITECTURE. 

409. The fourth period in the architecture of Britain is that which Mr. Millers calls the 
Ornamented English Style, which begins about 1300 and lasts till 1460, and comprises, 
therefore, the latter portion of the reign of Edward L, and the reigns of Edward II., 
Edward III., Richard II., Henry IV., Henry V., and Henry VI. 

410. This aera has by Dallaway and others been subdivided into two parts, viz. first 
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from 1300 to 1400, which they call that of the TVansition Style or pure Gothic, and from 
1400 to 1460, called the Decorated Gothic ; but the change between the latest examples 
of the first and the earliest of the last is marked by such nice and almost imperceptible 
distinctions, that it is next to impossible to mark their boundaries with precision ; and we 
have therefore preferred adhering, as we have in the other ages of the mt, to the arrange- 
ment adopted by Mr. Millers, In the early part of the period the change, or rather pro- 
gress, was extremely slow, and marked by little variation, and, indeed, until 1400, the 
style can scarcely be said to have been perfected ; but after that time, it rapidly attained all 
the improvement whereof it was susceptible, and so proceeded till about 1460; after 
which, as we shall here^er see, it assumed an exuberance of ornament, beyond which as 
it was impossible to advance, it was in a predicament from which no ch^ge could be 
effected but by its total abandonment. 

411. Notwithstanding the wars of the rival houses of York and Lancaster, which occu- 
pied a considerable portion of the interval whereof we are speaking, and deluged, as the 
reader will recollect, our land with the blood of the bravest of men, the art did not appear 
to softer ; a circumstance apparently extraordinary, but satisfactorily accounted for by the 
zeal of both the contending parties for the religion they in common professed. True it is 
that the taste for founding and building monasteries and churches was not so universal as 
in the period last described ; the decline, however, of that taste might in some measure 
have arisen not only from the unhappy state of the country just alluded to, but also from 
the doubts raised in the minds of many persons of all ranks by Wicklifte and his followers 
as to the merit attached to those pious and expensive works. “ It cannot,” says Henry, 

** be denied that the style of sacred architecture commonly called Gothic continued to be 
greatly improved, and in the course of this period was brought to the highest perfection.” 
To account in some measure for this, it must be recollected that during the civil wars the 
superior ecclesiastics were confined to their cloisters, as few of them had taken an active 
part in the dispute which agitated the realm ; and, indeed, some of the finest structures now 
remaining were reared from the accumulation of wealth amassed by instigating the noble 
and affluent to contribute to churches built under their own inspection. The choir at 
Gloucester, a most beautiful example, was completed during these turbulent times by 
Abbot Sebroke, together with the arcade that supports the magnificent tower of that 
cathedral. 

41 2. During this period the efforts of painting and sculpture were superadded to those 
of architecture ; and to these must be joined the enchanting effects produced by expanded 
windows glowing with the richest colours that stained glass could bestow on them. To 
enter into a history of the rise, progress, and perfection of this art, would here be out of 
place. A separate work would be required to trace it from its introduction in this country 
as connected with our art in the reign of Henry III., to that point when it reached its 
zenith in the fifteenth century. Dallaway observes, with much truth, that it is a vulgar 
error to suppose the art was ever lost, inasmuch as we had eminent professors of it in the 
reign of Charles I. 

413. In military architecture, from the reign of Edward III. to the close of the con- 
tention between the houses of York and Lancaster, many improvements were effected. 
Within that period a great number of the castellated edifices of which the country could 
boast were erected or renewed. Their style is marked by turrets and hanging galleries 
over the salient angles and gateways, of great variety in design. In the fortress at Am- 
berley, in Sussex, built by William Rede, Bishop of Chichester, about 1370, and one of 
the ablest geometricians of the age, the ground plan is nearly a parallelogram with four 
large towers at the angles, not projecting externally, but inserted into the side walls. Of 
this aera is also, at Swansea Castle, the lofty perforated parapet or arcade, through which 
the water was conveyed from the roof. Upon this plan Henry Gower, Bishop of 
St, David’s, in 1335, improved, in his magnificent castellated palace at Llanphey Court. 

414. From the circumstance of the circuit of many of the castles encompa^ing several 
acres of ground, the base court was proportionably spacious ; hence the halls and other 
state apartments were lighted by windows, smaller, but similar in form to those used in 
churches. The rest of the apartments were unavoidably incommodious, defence being the 
chief consideration. In the castles and palaces of the period, the hallsj which formed a 
principal feature in them, require some notice. The earliest whereof mention is made was 
that built by William Rufus in his palace at Westminster. Hugh Lupus erected one at 
Chester, and one was executed for Robert Consul at Bristol. Others we find er^ted by 
Henry I. at Woodstock and Beaumont in Oxford ; probably of rude construction, and 
divid^ into two aisles by piers of arcades or timber posts. In the following c^tury, 
when castles began to be constantly inhabited, and space became requisite for holding the 
numerous foudal dependents on various occasion^ the size of the hall was of^ course in- 
creased, wd internal architecture and characteristic ornaments were applied to it. At the 
upper end, where the high table was placed, the floor was elevated, forming a haut pas or 
daisj a little above the general level of the floor. The example afforded by Edward III. at 
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Windsor was followed during his own and the succeeding reign. The halls of Westminster 
and Eltham were rebuilt by Richard II. ; Kenilworth by John of Gaunt ; Oartington, in 
Devonshire, by Holland Duke of Exeter. Crosby Hall, in London, was finished by the 
Duke of Gloucester, afterwards Richard III. We here subjoin the dimensions of some 
of the principal halls in castles and palaces before the end of the fifteenth century, ranged 
in order -of their size : — 


All VlUCi .VA UICIA 911>C . — 

Westminster ( 1 397 ) 



Length 
in fe«L 

- 228 

Breadth 
in feet. 

66 

Height 
in feet. 
92 

Durham Castle 

- 

- 

- 180 

50 

36 

Conway (roof laid on stone ribs) 

- 

- 129 

31 

22 

Bristol (divided by upright beams of timber) 108 

50 

— 

Windsor (ancient) 

- 

- 

- 108 

35 

— 

Eltham (1386) 

- 

- 

- 100 

36 

55 

Chester 

• 


- 99 

45 

— 

Kenilworth (1300) 

. 

- 

90 

50 

— 

Raby 

- 

- 

90 

36 

— 

Luniley 

- 

- 

90 

— 

— 

Swansea 

. 


- 88 

30 



Castle Hall, Leicester 

- 


78 

51 

24 

Spoffbrth 

- 

- 

- 76 

36 

— 

Dartington (1476) - 

- 

- 

70 

40 

44 

Caerphilly 

- 

- 

70 

— 

35 

Crosby Place 

- 

- 

69 

27 

38 

Goodrich 

- 

- 

65 

28 


Warwick 

. 

- 

62 

35 

25 

Second one at Swansea 

• 

- 

58 

33 



Berkeley 

- 

- 

- 51 

32 

__ 


415. Generally, in respect of plan, the internal arrangement of these halls was very 
similar. The high table, as we have observed, was elevated on a platform above the level 
of the floor, and was reserved for the lord and his family, with the superior guests. Round 
the walls separate tables and benches were distributed for the officers of the household and 
dependents. The centre was occupied by the great open fire-place, directly over which 
in the roof was placed a turret, denominated a louvre, for conveying away the smoke. At 
Bolton Castle we find the chimneys in the walls ; but, perhaps, those at Conway and 
Kenilworth are earlier proof of the alteration. The roofs with which some of these hnlU 
are spanned exhibit mechanical and artistic skill of the first order. The thrust, by the 
simplest means, is thrown comparatively low down in the best examples, so as to lessen 
the horizontal effect against the walls, and thus dispense with considerable solidity in 
the buttresses. Fig. 196. is a section of the celebrated Hall of Westminster, by which 
our observation will be better understood. These roofs were framed of oak or ches- 
nut. Whether, when of the latter, it was imported from Portugal and Castile, is a 
question that has been discussed, but not determined, by antiquaries, l^arge stone corbels 
and projecting consoles were attached to the side walls, and were disposed in bays called 
severeyg between each window. Upon their ends, derai-angels were generally carved, 
clasping a lai^e escochion to their breasts. Near to the high table, a projecting or bay 
window, termed an oriely was introduced. It was fully glazed, frequency con tainin g 
stained glass ofthe arms of the family and its alliances. Here was the standing cupboard 
which contained the plain and parcel-gilt plate. The rere-dos was a sort of framed canopy 
hung with tapestry, and fixed behind the sovereign or chieftain. The walls were generally 
lined to about a third of their height with panelled oak or strained suits of tapestry. It 
was during this jera that privy chambers, parlours, and bowers found their way into the 
castle. Adjoining to, or nearly connected with the hall, a spacious room, generally with a 
bay window, looking on to the quadrangle, was planned as a receiving- room for the guests, 
as well before dinner as after. This was decorated with the richest tapestry and cushions 
embroidered by the ladies, and was distinguished by the name of the presence or privy- 
chamber. The females of the femily had another similar apartment, in which their time 
was passed in domestic occupations and amusements. This last room was called my lady's 
bower or parlour^ and here she received her visitors. Bay windows were never used in 
outer walls, and seldom othem, excepting those of the narrowest shape. 

416. The dawn of improvement in our domestic architecture opened in the latter part of 
the period, during which also brick came very much into use in England as a building material. 
“ IVlichael de la Pole,” as we learn from Leland*s Itinerary, “ marchant of Hull, came into 
^ch high fevour with King Richard II. that he got many privileges for the towne. And 
in hys tyme the toune was wonderfully augmented yn building, and was enclosyd with 
ditches, and the waul begun ; and in continuance endid, and made all of brike, as most 
part of the houses at that time was. In the waul be four principal gates of brike.” After 
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Fig. 196. 


8SCTI0K or wBBTKiirrm iiau 


enumerating twenty-five towers, “ M. de la Pole,” we find from Leland, “ buildid a goodlie 
house of brike, against the west end of St. Marye’s churche, lyke a palace, with goodly 
orcharde and garden at large, also three houses besides, every on of which hath a tower of 
brik.” {Itin. vol. i. p. 57.) This was the first instance of so large an application of brick 
in England. ^ 

417. One of the most important parts of the castle was the great gateway of entrance, 
in which were combined, at the same time, the chief elements of architectural beauty and 
military defence. It usually occupied the central part of the screen wall, which had the 
aspect whence the castle could be most conveniently approached. Two or more lofty towers 
flanked either side, the whole being deeply corbelled ; a mode of building brought by the 
Arabs into Europe, and afterwards adopted by the Lombards and Normans. The corbel 
is a projecting stone, the back part whereof, which lies in the wall, being balanced by the 
superincumbent mass, it is capable of supporting a parapet projecting beyond the face of the 
w^l rising from the horizontal course laid immediately on the corbels, between which the 
said horizontal course was pierced for the purpose of enabling the besieged to drop missiles 
or molten metal on the heads of the assailants. The corbel is often carved with the head 
of a giant or monster, which thus seems attached to the walls. In John of Gaunt’s entrance 
gateway at Lancaster, the arch is defended by overhanging corbels with pierced apertures 
between them, and on either side are two light watch-towers crested with battlements. 

418. Of the military architecture of this time, a perfect idea may be obtained from 

the two remarkable towers of Warwick Castle 197.), which were erected (in 

1395) by Thomas de Beauchamp Earl of Warwick. The taller one rises 105 ft. above 
its base, and is 38 ft. diameter, having five stori», which are separated from each other 
by groined ceilings. In the interior, the walls of the state chambers were painted ; a prac- 
tice introduced into England in the beginning of the thirteenth century ; and they were 
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sometimes lined with wain- 
scot of curious carved hois-- 
serie on the panels, which 
afterwards became more 
adorned, and were hung 
with tapestry. At War- 
wick was a memorable suit 
of arras whereon were re- 
presented the achievements 
of the famous Guy Earl of 
Warwick. 

41 9. The period of which 
we are treating was as ce- 
lebrated for its bridge as 
for its military architecture, 
wA«wicK ci*TLB. j cxhibits as one of its 

examples that &med curiosity the triangularly formed bridge of Croyland in Xincolnshire, 
erect^ over the confluence of three streams. Bridge architecture was in many instances 

so necessarily connected with the construction of 
a fortress, that it may almost, in this age, be taken 
as a branch of military architecture. 

420. This style exhibits Arches, less acute and 
more open {jig. 198. from York Minster), the 
f>rras varying. Columns. — The central and de- . 
tached shafts now worked together into one, from 
experience of the weakness of those of the pre- 
vious style, exceedingly various in their combina- 
tions. The Windows are larger, divided by mul- 
lions into several lights spreading and dividing at 
top into leaves, flowers, fans, wheels, and fanciful 
forms of endless variety. These marks are con- 
stant, but in the proportionate breadth there is much 
variation, for after having expanded in the reigns 
of Edward 1. and II., they grew narrower again in 
proportion to their height in that of Edward III. 
and also sharper. The head was then formed of lines 
just perceptibly curved, sometimes even by two 
straight lines, sometimes just curved a little above 
the haunches, and then rectilinear to the apex. 
Eastern and western windows very lofty and ample, 
and splendidly decorated with painted glass. JRoof 
or Ceiling. — The vaulting more decorated- The 
principal ribs spread from their imposts running 
over the vault like tracery, or rather with tran^ms 
divided into many anguW compartments, and orna- 
mented at the angles with heads, orbs, historical or 
legendary pictures, &c., elaborately coloured and 
^ded. Ornaments. — More various and laboured, 
but not so elegant and graceful in character, as 
in the preceding style. Niches and tabernacles with statues in great abundance. Tiers 
of small ornamental arches are frequent. Hie pinnacles are neither so lofty nor tapering, 
but are more richly decorated with leaves, crockets, &c. Sculpture is intrc^uced in much 
profusion, and is frequently painted and gilt. Screens, stalls, doors, pannelled ceilings, 
and other ornaments, in carved and painted wood. 

421. The principal exmnples of the ornamented English style in cathedral churches are 
at Exeter, the nave and choir. Lichjield, uniformly. At Lincoln, the additions to the 
central tower. At Worcester, the nave. Fork, nave, choir, and western front. At Canter^ 
hury, transept. At Gloucester, transept and cloisters begun. Norwich, the spire and tower. 
Salisbury, spire and additions. Bristol, the nave and choir. Chichester, the spire and choir. 
Ely, Our Lady’s Chapel and the central louvre. Hereford, the chapter-house and cloisters, 
now destroyei In the later part of the period, the choir at Gloucester ; the nave at Can- 
terhury Bishop Beckington’s additions at WeUs, and from the upper transept to the great 
east window at Lincoln. In conventual churches, for the earlier part of the period, the 
western fr^ade of Howden (1320.), Chapel of Merton College, Oxford. Gisborne Priory, 
Yorkshire. Chapel at New College, Oxford. St. Stephen's Chapel, Westminster. The ad- 
ditions to the p^ments of the choir at Kirkstall, Yorkshire. St. Mary's in York. 
Kirkham in Yorkshire, and the ehmr of Selby, in the same county. For the later part of 
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the period, at Teiohesbury, the choir. At Ely Cathedral^ St. Mary's Chapel. Croyland 
faga^ in Lincolnshire. Beverley Minster in Yorkshire. Chapel of Magdalen College, Oxford. 
Eton CfMege Chapel, Bucks. Chapel on the Bridge at Wahefield in Yorkshire, built by 
Edward IV. in memory of his father Edward Duke of York; and the Beauchamp Chapel 
at Warwick. In parochial churches, for the early part of the period, examples may be 
referred to at Grantham, Lincolnshire. Attelborotigh, Norfolk. Higham Ferrers, North- 
amptonshire. St. Michael, Coventry. Truro, Cornwall. Witney, Oxfordshire. Stratford- 
upon-Avon, Warwickshire. St. Peter Mancroft, Norwich. Boston, Lincolnshire ; its re- 
markable lantern tower, which is 262 ft. high, was begun in 1309, and was in progr^s 
of execution during the whole reign of Edward III. The expense of it having been 
chiefly defrayed by the merchants of the Hanse Towns. St. Mary, Edmunds Bury, Suffolk. 
Maidstone, Kent ; and Ludlow, Salop. For the later part of the period, St. Mary Overy, 
Southwark. Thaxted and Saffron Walden, Essex. Lowth and Stamford, Lincolnshire. 
Campden, Gloucestershire. Si^ Mary RedcUff and the tower of St. Stephen, Bristol. 
Taunton and Churton Mendip, Somersetshire. Lavenham, Suffolk. Manchester College, 
St, Mary's, Oxford. Whittlesea, Cambridgeshire. Wakefield, Yorkshire. Doncaster, 
Yorkshire. Newark-upon- Trent. Meckington, Lincolnshire. Mould Gresford and Wrex- 
ham in Flintshire. Melton Mowbray, Leicestershire. Octangular towers of St, Margaret's, 
Norwich, and AU Saints, York. 


Sbct. V. 

FLORin ENGLISH OR TUDOR STYLE. 

422. ** There is,” as Dr. Henry observes, “ a certain perfection in art to which human 
genius may aspire with success, but beyond which, it is the apprehension of many, that 
improvement degenerates into false taste and fantastic refinement. The rude simplicity of 
Saxon architecture was (ultimately) supplanted by the magnificence of the ornamental 
Gothic ; but magnificence itself is at last exhausted, and it terminated during the present 
period in a style, which some, with an allusion to literature, denominate *the Florid.’ It 
is a style censurable as too ornamental, departing from the grandeur peculiar to the Gothic, 
without acquiring proportional elegance ; yet its intricate and redundant decorations are 
well calculated to rivet the eye, and amaze, perhaps bewilder, the mind.” The period of 
the style is from 1460, to the dissolution of the religious houses in 15.37, and comprehends, 
therefore, the reigns of Edward IV. and V., Richard III., Henrys VII, and VIII. 

423. The ecclesiastical buildings of this eera are few. Somersetshire, a county devoted 
to the cause of the House of Lancaster, from the gratitude or policy of Henry VII., boasts 
perhaps more churches than any other county in the florid style ; still they are very few, 
and the superb chapel which that monarch erected at Westminster is the best specimen 
that can be adduced for giving the reader a proper and correct idea of the Florid or Tudor 
style. There is doubtless an abundance of examples in oratories, porches, and small 
chapels, sepulchral sacella and the like ; but beyond them we could cite very few entire 
sacred b uilding s ; and those will be hereafter appended to this section as in the preceding 
ones. In civil, or rather domestic architecture, the case was far different ; a very great 
change took place ; and we shall endeavour to place a succinct account of it from the Rev. 
Mr. Dallaway’s work, to which we have already been much indebted. The fifteenth cen- 
tury exhibits to us a number of vast mansions of the noble and opulent, wherein the cha- 
racteristic style of the immediately preceding castles was not entirely abandoned, but 
supa^ded and mixed up with a new and peculiar one. The household books of the 
nobility which have come to our knowledge, indicate a multitudinous set of servants and 
retmners, for the reception of whom a great area of ground must have been covered, and in 
which provision, by the number of apartments, was made for a noble display of hospitality. 
This circumstance, of course, induced a gorgeous style peculiar to the earlier Tudor sera, of 
most of whose splendid mansions no memorial now exists but in the records of the times. 
But for the purpose of bringing a view of the whole subject under the eye of the reader, a 
brief recapitulation will here be necessary. The first palace of the Norman kings was the 
Tower of London, which was a strictly military residence. At Westminster was a palace 
of William Rufus, to whom Westminster Hall owes its original foundation- At Oxford 
a palace was built by Henry L, and at that place he kept his Christmas in 1 1 15, as in 
1229 and 1267 Henry III. did in the vicinity at Woodstock- It was at this place that 
Henry IL built a house of retirement, which has furnished the subject of some well-known 
legends. Henry III. is said to have refounded the palace at Westminster, which was 
much enlarged by Edward III. This, from the time of Rufus, its founder, to the reign of 
Richard II., to whom it owed its completion in the state apartments, with its magnificent 
hall and bijou of a chapel (St. Stephen’s), had attained a greater extent than any contem- 
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porary palace in Europe. Ed^eard III., besides erecting his suburban palace at Kennington, 
had re-edified and greatly extended Windsor Castle as a habitable fortification. Henry IV. 
inherited John of Gaunt*s castle of Kenilworth and the Savoy in London, to both of which 
be made great additions. His gallant and victorious son was too much occupied with his 
military afiairs to pay much attention to such matters ; but many of his commanders, by 
the exorbitant ransoms they exacted of their French prisoners, were enabled to construct 
mansions of vast extent in those counties where their revenues commanded influence. Of 
these, as signal examples, may be cited Hampton Court in Herefordshire by Sir Rowland 
Lenthal ; and Ampthill, Bedfordshire, by Sir John Cornwal Lord Fanhope. At Greenwich, 
a palace of great beauty, in the early part of the reign of Henry VI., was built by the 
regent Humphrey Duke of Gloucester, which, from its superiority over others, was by its 
founder called Placentia or Plaisance. This was completed by Edward IV., and is now 
remembered as the birthplace of Q.ueen Elizabeth, The Lord Treasurer Cromwell 
expended a large sum on his residence at Tattersball in Lincolnshire, and at Wingfield 
Manor in Derbyshire, as did Lord Say and Sele, and Lord Boteler, respectively, at Sudley 
in Gloucestershire, and Hurstmonceaux in Sussex, all of which are now either destroyed 
or only in ruins. Additions were made by Edward IV. to Nottingham Castle, and by his 
brother Richard HI. to Warwick Castle Mid that of Middleburg in Yorkshire, 

424. Upon the ^tablishment of the Tudor dynasty, Henry VII., on the ruins of a 
former palace at Shene in Surrey, which afrer the repairs he bestowed upon it was destroyed 
by fire, built a palace, whereto he gave the name of Richmondy in allusion to his former 
title, a name which was afterwards given to the beautiful town on the Thames, in its 
vicinity. 'Die dimensions of the state apartments in this splendid building, whereof not a 
vestige now remains, are to be found in the Survey of 1649, when it was offered for sale by the 
Commissioners of Parliament. They abounded with bay windows of capricious formation, 
with rectangular and semicircular projections, producing a picturesque effect ; and to add 
to its fantastic appearance, there were many octangular towers, surmounted with cupolas of 
the same plan, whose mitres as they rose were fringed with rich crockets. They were 
bulbous in their general form, thus bearing a resemblance in contour to the royal crown of 
the period. 

425. The Tudor style, in domestic architecture, is thus divided by Mr, DaUaway. L 
That just alluded to; 2. The variations under Henry VIII. ; 3. The Elizabethan style” 
(which will form a separate section), *'as it admitted of Italian ornament in the designs 
of John of Padua and his followers, until the time of Inigo Jones. 

426. The reign of Henry VIII. supplies numberless instances of the gorgeous expense 
to which the nobility and gentry proceeded in the productions of our art. The example 
set by the monarch himself was witnessed in no less than two royal mansions, each large 
enough to contain his numerous retinue. The following are the palaces that were built 
or repaired by Henry VIII. : — 

1. Beaulieu, or Newhall, Essex. 

2. Huasdon, Herts, originally built by Sir John Oldball, temp. Edw. IV 

3. Ampthill, Bedfordshire. 

4. Nonsuch, Surrey. 

5. York Fi^e, 'Whitehall, Westminster. 

6. Bridewell and Black/riars, London, for the reception of the emperor Charles V. 

7. St. James’s, Westminster. 

8. Kimboltoo, Huntingdonshire the jointure of the divorced Queen Catharine of Arn^n. 

9. Sheriff Hutton, Yorkshire, given for the residence of Henry Duke of Richmond, the king’s 

natural son. 

10. King’s Langley, Herts. 

It was natural that the courtiers of such a monarch should vie with each other in erect- 
ing sumptuous houses in the provinces where they were seated. WoLsey, besides the 
progress he had made, at the time of his fall, in bis colleges at Christchurch, Oxford, and 
Ipswich, had completed Hampton Court, and rebuilt the episcopal residences of York 
House (afterwards Whitehall), and Esher in Surrey. Edward Stafford, Duke of Buck- 
ingham, in his palace at Thombury, Gloucestershire, almost rivalled the cardinal, and 
perhaps might have done so entirely if he had not been hurried to the scaflbld before his 
mansion was completed. Grimsthorpe, in Lincolnshire, rose under the orders of the Duke 
of Suffolk (Charles Brandon). The Duke of Norfolk and his accomplished son, the Earl 
of Surrey, were, as appears from the descriptions of Kenninghall, Norfolk, and Mount 
Surrey, near Norwich, magnificent in the mansions they requir^ for their occupation. We 
shall merely add the following list (which might, if it were necessary, be much augmented) 
of some other mansions of note. 'They are — 1 . Haddon Hall, Derbyshire. 2. Cow- 
dray, Sussex, destroyed by fire in 1793. 3. Hewer Castle, Kent. 4. Gosfield Hall, 

E^x, perfect. 5. Hengreave Hall, Suffolk, perfect, and whereof a beautiful work has 
been published by John Gage, Esq. (now Rookwode), a descendant of its ancient possessors. 
6. Layer Marney, Essex, now in ruins. 7- Raglan Castle, Monmouthshire, in ruin.s. 
8. Hunsdon House, Herts, rebuilt. 9. South Wingfield, Derbyshire, dilapidated. 
10. Hill Hall, Essex, built by Sir Thomas Smyth, in 1542. 11. Wolterton (see^. 199.) 



Chap. III. 


FLORID ENGLISH OR TUDOR STYLE. 


185 


in East Barsham, Norfolk, in ruins. 12. Harlaxton, Lincolnshire, perfect. 13. West- 
wood, Worcestershire, perfect. 



Fig. 199. wvirEKros hoisp. 


427. In a very curious tract, entitled, “ A Dyetorie or Regiment of Health,” by 
Andrew Boorde, of Physike Doctor, 8vo., first printed in 1547, the following directions 
are given how a man should build his house or mansion ; from which it appears that there 
were certain leading points for the guidance of the architect, founded, of course, they were 
on the habits of the time. “ IMake,” says our friend Andrew, “ the hall of such fashion 
that the parlor be annexed to the head of the hall, and the buttyre and pantrye at the lower 
ende thereof ; the cellar under the pantrye sett somewhat at a base ; the kechyn sett some- 
what at a base from the buttrye and pantrye ; coming with an entrie within, by the wall 
of the buttriej the pastrie house and the larder annexed to the kechyn. Then divyde the 
logginges by the circuit of the quadrivial courte, and let the gatehouse be opposite, or 
against the hall doore ; not directly, but the hall doore standyng abase of the gatehouse, in 
the middle of the front enteringe into the place. Let the prevye chamber be annexed to 
the great chamber of estate, with other chambers necessary for the buildinge; so that 
many of the chambers may have a prospecte into the chapell.” Some of the principal in- 
novations in the early Tudor style, were the introduction of gatehouses, bay windows, and 
quadrangular areas, matters rather incompatible with buildings constructed for defence. The 
materials of these palaces and mansions were of freestone and brick, according to the facility 
with which from the situation they could be procured. Sometimes, indeed often, these 
materials were mixed. Moulded brickwork and terra cotta were introduced for ornamental 
parts by Trevigi and Holbein towards the end of the period, or, perhaps strictly speaking, 
at the end of it. The brickwork was occasionally plastered and pointed as at Nonsuch. 
At Layer Mamey and other places, bricks of two colours highly glazed were used for 
variegating the surface, and were formed into lozenges. The chimney shafts seem to have 
exhausted invention in the twisted and diapered patterns into which they were wrought, and 
decorated with heads and capitals and cognizances of the founders. The gateways were 
prominent features in these edifices, and the most expensive ornaments were lavished on 
them. That at Whitehall, designed by Holbein, was constructed with differently coloured 
glazed bricks, over which were appended four large circular medallions of busts, still 
preserved at Hatfield Peveril, Herts. This gateway contained several apartments, among 
which not the least remarkable was the study wherein Holbein chiefly received his sitters. 
The gateways at Hampton Court and Woolterton were very similar to this. 

428. W’e will here digre.ss a little on the bay window which, as generally understood. 
wa3 simply a projecting window between two buttresses (whence its name, as occupying a 
bay of the building), and almost universally placed at the end of the room. It was invented 
about a century before the Tudor age, in which it usually consisted on the plan of right 
angles intersected by circles, as in the buildings at Windsor by Henry VIII., and at 
Thombury Castle. When placed at the end of a great hall, it extended in height from the floor 
to the ceiling, and was very simple and regular in its form. In a MS. at the Herald’s College 
relating to an entertainment given at Richmond by Henry VII., the following passage 
occurs, and may be taken as descriptive of one of the purposes to which it was applied. 
“ Agaynst that his grace had supped : the hall was dressed and goodlie to be seene, and a 
rich cupboord sett thereup in a baye window of IX or X stages and haunces of hight, 
furnissed and fulfilled with plate of gold, silver, and regilte.” Carved wainscotting in 
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panels, generally of oak, lined the lower part of the halls with greater unity of design and 
execution than heretofore ; and it now found its way into parlours and presence ch^bers 
with every variety of cyphers, cognizances, chimeras, and mottoes, which in the castles of 
France about the age of Francis I. were called Soisseriet. Of these some curious speci- 
mens still remain in the hall and chambers of the dilapidated mansion of the Lords de La 
Warre at Halnacre in Suffolk. The area or court was quadrangular, and besides the great 
staircase near the hall, there were generally hexangular towers containing others : indeed, 
they were usually to be found in each angle of the great court, rising above the parapets, 
impartmg a pleasant and picturesque effect to the mass of building, and grouping wtdl with 
the lofty and ornamented chimneys of which we have above spoken. 

429. It is melancholy to reftect upon the dis- 
appearance of these mansions which were once 
the ornaments of the provinces, and now one by 
one ^ling fest away by the joint operation of 
what is called repair and by decay. Most of their 
remains have been removed to raise or to be in- 
co^orated with other buildings for which they 
might have well been spared. 

430. The characteristics of the style are arches, 
universally flat, and wide in proportion to their 
height 200. ). Windoios, much more open than 
in the last period, flatter at the top, and divided in 
the upper part by transoms, which are almost con- 
stantly crowned with embattled work in miniature. 
The ceilings or vaultings spread out into such a 
variety of parts, that the whole surface appears 
covered with a web of delicate sculpture or 
embroidery thrown over it ; and from different 
intersections of this ribbed work, clusters of pen- 
dant ornaments hang down, as Mr. Millers ob- 
^rves, like “ stalactites in caverns.” The fly- 
ing buttresses are equally ornamented, and the 
external surfaces of the walls are one mass of deli- 
bate sculpture. The ornaments, as may be de- 
duced from the above particulars, are lavish 
and profuse in the highest degree. Fretwork, 
figures of men and animals, niches and taber- 
nacles, accompanied with canopies, pedestals, and 
traceries of the most exquisite workmanship, 
carried this style to the summit of splendour; 
and all these combined, had, perhaps, no small 
share in producing the extinction it was doomed 
to undergo. 

431. ^fore proceeding to give the examples in this style, to which the reader wiU be 
retOTed, it nmy be as well to mention that Scotland boasts of many fine specimens of eccle- 
s^ic^ mchitecture. The abbeys of Melrose and Kelso, founded by David I., as well as 
those m Dryburgh and Jedburgh, all in Roxburghshire, prove that the art advanced to as 
^ Tweed, as it did in England. Roslin and Holyrood chapels 
the fir^ whereof was erected by Sir William St. Dair, for richness and variety of oma- 
=»"*i>gs cannot ^exceeded. Its plan is without parallel in any other specimen of 
the fifteen* century. The latter was finished by James, the second of that naine, in 1 440 
even * example with flying buttresses, which are more ornamented than any 

43a Exanipte of the Flond Gothic or Tudor style are to be seen at the cathedral 
G^«tcr, m the chapel of Our Lady; at Osrford, in the roof of the choir • 
at in Aleck’s chapel; at Peterborough, in Our Lady’s chapel, and at Hereford * 
the north ^rch. In convent^ churches, at Windsor, St. George’s chapel ; at cimbridge. 
Kings Colley chapel ; at Wes^inster, King Henry VII. ’s chapel; at Great Malvln, 
m Worcestershire, the tower and choir ; at Christ Church, Oxford, the roof of the choir 
and at Evesham Abbey, in Worcestershire the campanile and gateway. ’ 

433. For parochial churches, except in some very few specimens in Somersetshire, and 
there perhaps only m parts, we are unable to refer the reader to a complete specimen in 
all Its parts, of the Tudor style. The pulpit and screen at Dartmouth, in Devonshire ’are 
worthy of his notice. 

by a tabular view of the founders and dimensions of 
the different cathedrals of England, extracted from Dallaway and other authors. 
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Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 

149ST 


L. B. H. 

L. B. H. 

U B, H. 

L- B. H. 

L. B. H- 

to 1 
1502J 

1 r 

Oliver King, bishop - 

- 

75 35 73 

- 

00 

20 30 151^ 

Tlird 1 *1 



Of the nave. 



11532 j 

GibbesjP™’'" - ) 

136 72 78 

- 

112 21 38 

46 28 74 


1 f 

Inhabitants of Bath "| 



Of the choir. 



1570^ 

Sir John Harrington 1 

- 

- 

80 21 38 



L 

and others - J 






1609 

James Montague, bishop 

Completed the building 





Building unfinished at the Reformation, and completed by Bishop Montague and the executors of 
the Lord Treasurer Burleigh. Total length, 210 ft. ; breadth, 126 ft. 


BRISTOL — Conventual Church op St. Augustine. 


Dates: 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 





L. B. H. 

L. B. H. 

L. B. H. 

L.- B. H. 

Height. 

1 1160 

Robert Fitzharding 







1230 

Robert third Lord"' 








r 

Berkeley, Maurice 









fourth Lord iJerke- 


75 73 43 

Originally included. 

128 - 43 


to ^ 


ley, and Edmund 







1332 


Knowles, abbot - 








> 








1463- 


Hunt, abbots - 


• 

100 - 43 


N. trans. 

127 

1481 to 

1 John Newland, abbo 

t, 

t f 

Our Lady’s 




1500 


J completed - 

- 

/ 1 

Chapel. 






The church displays two distinct styles. The Chapter House and Elder Lady Chapel were erected 
at the beginning and close of the twelfth century, and the existing nave and choir in the beginning 
of the fourteenth. It is probable it was not completed after the plan of the Abbot Knoles. 
The tower was intended to receive a spire. The aisles and nave are of the same height, which is 
only 43 ft. 


CANTERBURY — Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 



L. B, H. 

L. B. H. 

L. B. H. 

L. B. H. 

1070 

Archbishop Lanfranc 

- 

- 

- 


1090 

Archbishop Anselme 





1100 

Emalphusi - 

Conrade J 

The second church destroyed by fire in 1174. 

1122 

Archbishop W. Corboil. 





1174|^ 

W. Senensis 1 archi- J 
W. Anglus J tccts \ 

Fresent 1 
churclu J 

150 40 71 

Included 

Upper 154 

1304 

Henry de Estrey, prior. 





1379 r 

to 

1431 1 

S. Sudbury "| P 

W. Courte- 1 arcli- J 

nay [ bishops | 

T. Arundel J ^ 

Improved 
and orna- 
mented. 

}- 

- 

liOwer J 

124 1 

1449 

T. Chittenden I „ 

T. Gold-stone j P 

214 94 80 




1468 

W, Sellinge. 





1490 

W. Morton, archbishop 

• 



■ { 


N.W. 100 ft. 


N.W. spire 
of lead added! 
100ft. high ; 
taken down 
1705; 

S.W. 130 ft. 


Central 234 
high, 3.5 
diameter. 


The original Anglo-Saxon structure of Lanfranc was rebuilt after the canonisation of Thomas a Becket. 
The very elegant central tower was completed in 1500 by Archbishop Morton. This cathedral 
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has a lof^ cirpt greater extent than, we believe, any other in England. A t Uie eastern end 
this cathedral, and projecting eastward of the general line of the plan, is an apartment own to 
rest of the church, and consisting of a segment equal to about three fourths of a^circle, called 
** Becket's Grown.'* The internal length of this church is 514 ft., and bre^h 154 ft.* 


CARLISLE— Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Towers. 


Bishops. 

L. B. H. 

L. B. H. 

^L. B. H. 

L. B. H. 

Height. 

nsof 

1270(_ 

Henry Murdac, abbot 1 
of Fountains - J 

82 - 71 
Origlnallyl64 

- 

Included. 



1353 

to 

1363 

1363' 

to 

1397 

1400l 

Gilbert de Wilton, "I 
bishop - - J 

T. de Apylby 


137 - 71 

71 

124 28 71 


to 

1419_ 

Z. de Strickland 





128 ft. 


The total length, 219 ft. ; breadth, 124 it. 


CHESTER — Conventual Church of Benedictines. 


Transept. 


Transeptdis. 

similar. 
North, a pa.. 
ri$h church. 
1180 - - 


Dates. 

Founders. 

Nave* 

Choir. 



L. B. H. 

L. B. H. 

1128 

Ranulf Earl of Chester 



1320 

- 

- 

- 

1485 

Simon Ripley, abbot I 
— Oldham, abbot J 

- 73 73 

- 

1508 

- • •{ 

The west- 
ern front 

} • 


127 ft. 

Finished 
in 1508. 


The Chapter House was built by Ranulf Earl of Chester, and in it many of his descendants are 
interred. A north transept only in this church. Length, 348 ft. ; breadth, 180 ft. 


CHICHESTER — Cathedral Church. 


Dates. Founders. 

Bishops. 

1094 Ralph 
,,25 r Siffrede 

Abbot of Glastonbury _ 

1217 Ralph de Warham 
1282 Gilbert de St. Leofard 
1329 John de Langton 

1520 Robert Sherbourne 


L. B. H. * L. B. H. L. B. H. L. B. H. 

First church. 

f Included 
105 95 61 - i _ 91 _ 

f There are T 
I four aisles. ( , 

ICX) 64 61 i The only ^ North J 85ft. high 
1 instance in ) t W , end. 

(. England. J 

{ f 107 ft. high 
South, I bell tower ; 
with spire added 
window. I to tower 

...J . „ »- 2?lft.high. 


520 Robert Sherbourne - Repairs and embeUishment of the choir, &c. 

It may be riglit to consider the present church as founded by Siffrede upon that built bv llalnh 
1094. Total length, 407 ft- ; width, 131 ft ' ^ 
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DURHAM— Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 


Bishops. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 


1093 

William de Carilelpho- 

260 74 69 





1128 

Ralph Flambard. 






1230 

Richard Poose and 

- 

. 

Included. 

176 57 - 


1233 

Melsonby, prior 
Bertram Middleton, "J 

- 

- 

- 

- { 

Western 
towers 143 ft. 


and Hugh Darling- i- 
ton, priors - -J 

- 

120 74 71 

- 

90 18 - 



Nicholas de Farnham, 






1295 

bishop. 

Richard de Houton,*1 




. s 

Central 

prior - - J 

: 



1 

tower 214. 


The Lady Chapel was built in 1390, forming a sort of transept at the end of the choir. This cathedral 
is remarkable from the pillars of its nave, which are curiously striated. The Galilee, or chapel, at 
the western end, is 50 ft. by 78 ft., and was finished by Bishop Langley in 1430. Total length of the 
church, 420 ft.; width, 176 ft. 


ELY — Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 


Bishops. 


L. B. H. 

L. B. H. 

L. B. H. 

Length. 


11091 








to 1 

Herney 

- 


- 

- 

N. 178J 


1133 J 








Nigillus 

. 

Erected the cloisters. 









f 


1174 

Id. Geoff. Ridal 

• 

203 - 104 

- 

- 

■ { 

West front 
210 ft. high. 

1235 1 







to 1 

Hugh Northwold 

. 

- Presbytery, which was made the choir in 1769. 

I 252 J 







1337 

Simon Montacute 

. 

. 

Octagon Louvre. 




I. Wisbich, prior 

■ 


101 34| 70 





A spire of wood was added to the tower W Bishop Northwold, but it no longer exists ; a sable 
built by Eustachius, a Bishop of Ely. The octagon, from which rises the louvre, is 14i ft high 
gom the floor, and is 7l ft. 6 in. diameter. It was designed by Alan de Walsingham, a monk of 
Ely, m 1328. The diameter of the lantern is 30 ft., and its external height 170 ft. Tutal len^h 
517 ft. ; breadth, 178 ft. 6 in. ® * 


EXETER — Cathedral Church. 



The cloisters, which are only perfect on one side, were added by Thomas Brentinghan. The towers 
siatid at the ends of the transept. The general plan of the church is that designed by Bishop 
Quivil, from which none of his successors deviated. The total length is 390 ft.; widtn, 140 ft. 
Kshop Grandlson's screen in this cathedral is celebrated among antiquaries as displaying a series 
of statues more numerous and entire than are to be found in any other cathedral. 
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GLOUCESTER — ComrENTCAL Church of Beiteoictines. 


Dates. 

Founders. 

lOSTI 

Aldred, Bishop *) 

1089 J 

of Worcester - J 

1089 

Id. - - - 

1310 

Abbot, J. Thokey 

1330 

Abbot, J. Wygmore 

1330 

Adam Staunton 1 
to Walter Fro- 

to < 

cester, and to > 

1357 

Thomas Se- 

1 

13691 
to 1 

broke - -J 

Ut supra 

1375J 

1457 f 
to -j 
1518 

W. Ferleigh tol 
Thomas Bra- I 
mish, and to [ 
W. Parker -J 


Kave. 


L. B. H. 
171 41 


Clerea- "j 
tory and ( 
vault- 


ing. 


j 


Choir. 


140 34^86 


L. B. a 


N. 1712140J 
S. 171 22 - 


Transept 


L. B. H. 


N. 66 43j 78 


Tower. 


L. B. H. 


24 22 224 


The Lady Chapel was built by W. Ferleigh about 1498- The western facade and two arches were 
added to the nave about 1370 by T. Horton. The tower rises from the intersection of the nave 
and choir with the transepts. The cloisters are the most perfect and beautiful of any in England, 
and are unusually situated, being on the north side of the church. Total length, 426 ft. s 
width, 152 ft. 


HEREFORD— Cathedral Church. 


Dates. 


Founders. 


Bishops. 


1079 to 
1095 
HOI to 
1115 
1131 to 
1148 
1200 to 
1216 

1492 to 
1502 


i Robert de Losinge 
Rainelm 

J Robert de Bethune, 
prior of Llanthony 

J- Giles de Bruse 
^Edmund Audley 



Nave. 

Choir. 

Aisles. 

' Transept. 

Tower. 


L. B. H. 

L. B. H. 

L. B. H. 

L. B, H. 


- 

144 68 68 

- 

144 - - 

140 - - 




125 20 64 


Lower. J 

r 

Ancient 

1 




111 - - 


spire 

240 ft. high. 




• 

- 

I 

L 

r 

West tower 
was 130 ft. 
The spire. 

- 

- 

- 

- 

- - 


which was 
taken down 







in 1790. 


Restored in 1786. 



. 



The great west tower fell in 1786, and destroyed the greater part of the nave and aisles, which 
were rebuilt shorter by 15 ft. The architecture of the chapter house, which was octagonal, with 
a single central pillar, and 37 ft. diameter, was unnecessarily taken down by Bishop Eeerton. 
Total length, 325 ft.; width 100 ft. 


LICHFIELD— Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir, 

Aisles. 

Transept 

Tower. 

1295 r 

Bishops. 

Walter de Louton, or1 

L. B, H. 

L. B. H. 

L. B. H. 

L. B. H. 

West spires 
183 ft higfa- 

Total of the 

trl 

1430 L 

Langton - - ^ 

And his successors - J 

213 67 67 

W. front. 

120 33 67 

1 

Included. 

88 [ 

c 


who died in 1447 J 

78 - - 

1 * 


■ 1 

central spire. 
258. 


The chmyh is very uniform, having been, like Salisbury and Exeter, completed upon one plan. The 
^ches m the Tmoria here show the dog-tooth moulding in great perfection. Total length, 411 ft. ; 
breadth, 88 ft. o » . 
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LINCOLN — Cathedsal Chukch. 


Dates. 

Founders. 

Nave, 

Choir. 

Aisles. 

Transept. 

Towers 
and Spires. 

1184 

1186 to 
1200 
1240 

Bishops. 

f Alexander Nor-l 
\ mannus - - J 

^ Hugh de Grenoble 
Robert Grostete 

L. B. H. 

Rebuilt. 

240 80 80 

L. B. H. 

140 40 72 

L. B. H. 

Included. 

L. B. H. 


1254 

Henry Lexington 

- 

“ 

- 

■ { 

283 ft high 
W. 260 ft. 

1286 to 

^ Hugh Burgundus 

- 

Presbytery. 


W. 220 63 74 

C W. fron 

4 173 ft. wide 

1306 

John D’Alderby 


106 82 72 


E. 166 63 72 

C83ft. high. 

1438 

William Alnewick - 

Built the great west window and porch. 



The central spire of this cathedral was higher than that of Salisbury, and was blown down in 1547> 
The others were removed in 1808. Total length, 498 n. ; breadth, 227 ft. 


LONDON — Old St. Paul’s Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Towers. 


Bishops. 

L. B. H. 1 

L. B. H. 

i L. B. H. 

L. B. H. 


1086 

Mauritius - - 1 

335 91 102 





1120 

Richard de Beaumes • 

William de St. Maria - 

- 


Included. 

297 - - 

f 

Height 260 

1220 

- 

163 - 88 

. 

- { 

spire 274 ft. 1 
Burnt down 








in 1561. 


The Chapter House was built by William de St. Maria, and was octangular. The cloisters, which 
were only 91 ft. square, were erected by Henry de W’iugharo in 1260 ; and the Lady Chapel by 
Henry de Lacy, Earl of Lincoln, in 1312. The area which this cathedral covered in 1309 was 
3 acres, 3 roods, and 26 perches. The cloisters Srere removed by the Protector Somerset, to build 
his palace in the Strand. Inigo Jones commenced his restorations upon the fabric in 1633, and 
placed, in 1636, a most beautiful but incongruous Corinthian portico at the western end, the 
expense of whi<^ was borne by Charles 1. The whole of the church was taken down and removed 
by Sir Christopher Wren in 1675. T’ «• ■* ” • •« • ' . ' • ^ 

1309 Length. 631 ft. ; breadth, 130 I '•. » i;»'. ■ . 

the eastern, 188' ft. : of the tower. 2<j( * ‘ i •» > . i. ,•>: i.i" 

with lead, 274 ft. Dugdale's history ( . .i •, • ! :> • h.« ii.iio p I'lti i ;.>i 11 : 

and is a most interesting work. 


NORWICH — Cathedral Church. 


1 Dates. 

Founders. 

have. 

Choir. 

Aisles. 

Transept. 

Tower. 

j 1096 

Bishops. 

Herbert Losinga 

L. B. H. 

L. B. H. 


L. B. H. 

Tower 

1171 
; 1197 

Eborard - - - 

John of Oxford - 

140 71 - 

165 - - 

Included. 

191 - - 


‘ 1361 

f Ralph Walpole T 
^Thomas Percy J 

- 

- 

- 

- 

Spire 317 ft. 


This church has no Lady Chapel. The cathedral, before 1272. nas so dilapidated, that it was nearly 
rebuilt by succeeding bishops and priors. The cloisters, erected by Bishop W^ering in 14^, are 
the most spacious in England, being 174 ft. square. Length of cathedral, 414 ft. ; bre<^tb. 191 ft. 


OXFORD — Conventual Church of St. Frydeswide Aug. Canons. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 

1050 

1120 

1122 

1528 

1545 

f Guymond, prior of 1 
\ St. Frydeswide J 

Cardinal Wolsey 

Robert King, first bishop 

L. B. H. 

74 54 41 J 

L. B. H. 

80 37 - 

Clerestory 

Included. 

L. B. R 

102 - - 

Tower. 

Spire. 


The Chapter House here is of perfect Anglo-Norman architecture, bnilt in the reign of Henry II. 
Length of church, 164 ft. ; breadth, 102 ft. 
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PETERBOROUGH — Cokventuai. Church of thr Benedictines. 


Dates. 

Founders. 

Nave. 

Choir, 

Aisles. 

Transept 

Tower. 




L. B. R 

L. B. H. ! 

L. B. H. 


11601 








tern. 
Hen. ( 

William de Watteville, ' 
21st abbot - 


- 

138 78 78 



i 

II. J 








1175 

1272| 

Benedict, 22nd abbot . 


231 78 - 

- 

Included. 

203 69 78 


.S2nd abbot - 
WiIliamdeParys,prior ' 





! 

1295 1 


or W, de Woodford, 



_ 


f 

Two spires 

1300 1 

abbot - - - 





1 

156 ft. high. 

133o| 

Geoffry Croyland, ' 

34th abbot - 

. 

- 

- 

- 

■ ^ 

Unfinished 
tower, 120 ft. 
Louvre, I50ft.l 

1 

1496 

Robert Kirton, 44th abbot, built the chapels at the end of the choir. 


Length, 480 ft. ; breadth, 203 ft. 


ROCHESTER — Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 


Bishops. 

L. B. R 

L. B. H. 


L. B. H. 


1080 

Gundulphus 

150 75 - 





1115 

Emulpb - . - 

- 



122 - - 


1227 

Henry Sanford - 

- 

156 - - 

included. 


Spire, 156 ft. 

1270 

W. de Hoo, prior, buiit 

a chapter house. 





When the choir was rebuilt, in 1227, it was extended to a greater length by several feet than the 
nave itself. The choirs of Norman churches were all disproportionately short. Total lenrth, 306 ft.; 
breadth, 122 ft. 


SALISBURY — Cathedral Church. 


1 

Dates. 

Founders. 

1 Nave. 

Choir. 

j Aisles. 

Transept 

j Tower, 


Bishops. 

j L. B. H. 

L. B. H. 

1 

L. B. H. 

[ 

1217 1 
1230 ‘ 
1274 f 

Richard Poore - 

Robert Bingham 

R(^ert Wykehampton 

229 76 81 

1 

140 - 84 

Included. 

230 60 84 

' To the Pa- 
rapet, 207 ft. 1 

Spire, 404 ft.| 


This is the most oniform of the cathedrals of England. It was ascertained, in 1737, that the roof 
altogether contained 2641 tons of timber. According to the account delivered to Henry III it 
appeared that 40,000 marks (22,666/. 13s. Ad.) had, up to that time, been expended on the fabric. 
The original plan was given by Bishcr- P.viii- . - ! *’i. i: l •••. •, ii .,(1 • h. his successors. 

The church was twice consecrated • ll.> .-e , n.i i «:i'i a ri , i:,il column and 

the cloisters are 160 ft. square. The s • . . ; . ; hence seem to 

be scarcely adequate to support its ow : I'* .> i.,,a .. .*• . a-id western front 

is 112 ft. wide. Great repws were m;.. *»« < ;tr , u s - ■!. 


WELES — Cathedral Church. 


Pates. 

Founders. 

Nave. 

j Choir. 

1 Aisles. 

Transept 

1 Tower. 

12051 
to 1 1 

I239J i 

1293 

1366 

Bishops 

^Josaline Troteman 

! 

W. de March 

John Harwell 

L. B. R 

191 67 67 

1 L. B. H. 

108 67 - 

! 

} 

Included. 

L. B. R 

135 - 67 

L. B. H 

1450 

'Ihomas Beckington • 


- 

- 

- 1 

Western. 
234 . 130 

1465 

'Ti.i* { 

Robert StlUington 


- 

- 

- 1 

Central. 

- ‘ 160 


This is a verj; extraonlinary example. Its western facade is decorated with statues in a more nerfert 
state than is seen in any cathedral excepting that of Lincoln. The subjects are kings, biSiops, 
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and warriors. The original plan seems to hare been strictly followed to its completion by Bishop 
Stillington. Speed says that Ralph de Shrewsbury, who died in 1363, was a great benefactor 
to the church, and prosecuted the original plan. The support of the central tower is assisted 
^ the principle of the inrerted arch as at Salisbury, and is a good example of constructive skill. 
Total length, 371 ft. i breadth, 18d ft. 


WESTMINSTER— Conventual Church. 


Dates. 


1250 


1300 


1490 


Founders. 


King Henry III. 


King Henry VII. 



Nave, 

Choir. 

Aisles. 

Transept. 




L. B. H. 


L. B. H. 

L. B. H. 

L. B. H. 




166 38 101 

155 38 101 

166 16 101 




r 

Extreme 

'1 







breadth of 








the Nave 



_ 

136 40 78 

- 



and Aisles, 







. 

- 7I| - 








1 Chapel, 103 ft. long, 35 ft. broad, 60 ft. 




\ high; aisles, 62ft. long, 17ft. broad. 



Height to 
the top of 
the west- 
ern turrets, 
addition 
102i ft., 
225 ^ in 
the whole. 


T'l- I ■ 1' • .'f TT- VTT ■ I are among the most beautifully decorated in England. 

i'* I ■■ I'. • j I ‘i * • a range of windows in the back wall, which are seen 

i's'<i''iil. i: *.• " « i. *, Inscribed within a triangle, equilaterally composed of 

il"i i‘ .-cj :i. .li ^ I' !. .• r I ;> .i:< .« was Thomas Fitz-Otho, the ^g*s Master of the Mint. 


WINCHESTER — Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept 

Tower, j 

! 


Bishops. 

L. B. H. 

L. B. a 1 

L. B. H. 


1070 

119o| 

Wakelyn - - - 

Godfrey de Laci, the 

• 

- 


186 - - 

150 ft. high. 

Cloisters 

William de Edynton, 






1350 1 

the Lady Chapel 






1394 

William de Wykeham - 

300 86 78 






Cardinal Beaufort 

• 

Presbytery 




1493 

T. Langton 

- 

93 86 78 

included. 




The western front was finished by Edynton. The nave, which was finished by William of Wykeham, 
is longer than that of York, and considered one of the finest in England. The exterior of the 
choir is of the finest Gothic of the fifteenth century. Tbecboir, as at Gloucester, is under the tower. 
Tot^ length, 545 ft. ; brej^tb, 166 ft. 


WORCESTER — Cathedral Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 


Bishops. 

L. B. H. 

L. B. H. 


L. B. H. 


12181 




Lower, 


to 1 

William de Blois 

212 78 72 

80 36 61 

included. 

128 32 - 


1224 1 







1327 1 

T. Cobham, Lady 






Chapel 






1372 

W. de Lynne 

- 

- 

- 

■ 

172 ft. high. 

1374") 
to y 

Henry Wakefield 



- { 

Upper, 
120 25 - 


l38oJ 







TheCh ;.-i I n- r,-, a. 'll 1 i*-,* iloisters, 120ft. long and 125 ft. in breath, 

were ( u I* '■ i‘ I \s' i I church was built before 1150, and parts 

ofitni.r. Viii I). irvi ; !:■ r- .•« ; m . i ■ i i » ft. by 38 ft., is still perfect. The nave 

is, for .I-.!, ii.d 1 ■(]•• M‘ >!:• 1 ' MMm of the student. The total length of the 

cbur^ is 410 ft. ; its br^dtb, 130 ft. 


o 
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YORK — Cathedbai. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 


Archbishops. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 


1227 

Walter Grey - 

• 

- 

- 

222 - 103 


1291 

John Romain - 

250 103 92 

- 

250 - 47 








r 

Facade and 


W. de Melton - 

• 



- i 

western 






L 

towers 196 ft. 

1361 

J. Thoresby 

- 

150 43 101 




13001 

J. Birmingham, trea- "I 




r 


to 1 

surer, completed 1 

. 

- 

- 

- ] 

Central. 

142oJ 

the facade > J 




L 

44 42 182 

1 


Octa^oal Chapter House, erected by W. de Melton. The foundations of the church were laid in 1171, 
by 11 thi 'I .'U('h''**}.< i*. Thecentral lantern or steeple, built by Le Romaic, was taken down 
in mI.-'I' U> WaiiiT S»i:'. ue The aisles surround the church in erery part, are of similar diraen» 
sioM*. it'iil w'e b'.i li ai «>ame time. The open central tower, or louvre, is 188 ft. from the 
flo<ir. Tiio Uiiar il.r finest in England, is 22 ft. 6 in. diameter. Total leng&,498ft.; 

breadth, 222 ft. 

435. The following synoptical view of the general dimensions of the above cathedrals, we 
think, may prove occasionally useful to the reader, by enabling him to compare the whole 
of them and their parts with each other. The equality of the proportions is striking ; and, 
in another part of this work, we hope to p^ce before the reader some principles which 
tend to prove that there was a much more established practice founded on the laws of 
statics than has hitherto been conjectured. Dallaway, without the remotest idea of the 
principles in question, has observed, with his usual sagacity, that there appears in them “ a 
distribution of parts which will hold almost generally, that the width of the nave is that of 
both the aisles, measured on the plan to the extremity of the buttresses externally ; and 
that the breadth and height of the whole building are equal. In the more ancient churches, 
the aisles are usually of the width of the space between the dividing arches.” Some idea 
of the principle is conveyed In the plates of Milan cathedral, curiously introduced into 
the very early translation of Fitruvius by Caesar Cesarianus, a work of great curiosity, and 
of which copies are now rarely met with. 

A Synoptical View or the leading Dimensions of the English Cathedrals. 


Winchester • 

Ely - 

Canterbury • 

Old SC. Faults 

York - 

Lincoln 

Westminster 

Peterborough 

Salisbury 

Durham 

Gloucester 

Lichfield 

Norwich 

Worcester 

Chichester 

Ex^er - 

Wells - 

Hereford, anct. 

Chester - 

Roche^er 

Carlisle 

Bath . 

Bristol . 
Oxford 


Total 

intenul 

Length. 


545 

517 

514 

500 

498 

498 

489 

480 

452 

420 

420 

411 

411 

410 

401 

390 

371 

370 

348 

306 

213 

210 

175 

154 


Nares and Aisles. 


Length. 

247 

327 

214 

335 

264 

130 

231 

246 

174 

213 

230 

212 

205 

173 

191 

144 


136 

100 

74 


Breadth. 

86 

73 

70 
91 
109 

83 

96 

78 

76 

67 

71 
78 
91 

74 

67 

68 
73 
65 

71 

72 

75 
54 


Height. 

78 

70 

80 

103 

99 

83 
101 

78 

84 

67 


67 

68 
73 

71 

78 

73 

41 


CboiK. 

Transepts 

Spires and Towers. 

Length. 

138 

Breadth. 

Heijht. 

Breadth. 

•186 



Heifdit. 

101 

73 

70 

178 

Tower 


. 210 

150 

74 

80 

154 

Do. 

_ 

- 235 

165 

43 

88 

248 

^ire 


. 534 

131 

* 

99 

222 

Tower 


- 234 

- 

• 

• 

227 

Do. 

• 

• 260 

152 


151 

189 




138 


78 

203 

Louvre 


. 150 

140 


84 

210 

Spire 


- 387 

117 

33 

71 

176 

Tower 


• 214 

140 

- 

86 

144 

Do. 


. 225 

no 

- 

67 

. 

Spire • 

258 W. 183 

165 

W 

. 

191 

Do. 


- 317 

126 

. 

74 

130 

Tower 


- 196 

100 

- 

. 

131 

Spire 


- 267 

131 

• 

69 ' 

140 

Tower 


- 130 

106 


67 

135 

Do. 


- 160 

105 

- 

64 

140 



- 

- 

. 

. 

Tower 


- 127 

156 

137 

71 

• 

122 

Spire 

- 

' - 156 

- 

- 

. 

126 

Tower 


• 162 

100 

- 

- 

128 

Do. 


- 127 

80 

- 

37J 

102 

Spire 

- 

. 184 


To the above we subjoin the correspondent dimensions of the several component parts of 
some of the cathedral churches enumerated, which we consider useful to the student as well 
as the general reader. 

Total Length. 

Chichester cathedral church - • 4X0 ft. 

Norwich cathedral church • - - 41 1 

Worcest^ cathedral chur^. • . 410 

Ihirham cathedral church*^ > - • *120 

Gloucester conventual church - . 420 
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Heights of Naves. 


Style. 



Salisbury cathedral church 

84 feet 


Pointed arch. 



Lincohi cathedral church 

83 — 


Pointed arch. 



Canterbury cathedral church 

80 — 


Pure Gothic. 



Peterborough conventual church - 

78 — 


Norman. 



Winchester cathedral church 

78 — 


Pure Gothic. 



Durham cathedral church 

71 — 


Norman. 



Ely cathedral church 

70 — 


Norman. 



Exeter cathedral church 

69 — 


Pointed arch. 



Gloucester conventual church «. - 

67 — 


Norman. 



Wells cathedral church 

67 — 


Pointed arch. 



Breadths of Naves and Aisles. 





Norwich 

- 71 ft. 




Bristol 

- 73 Canterbury - 74 ft. 

Peterborough 

78 ft. Lincoln 

83 ft. 

Chester 

- 73 Exeter - 74 

Worcester 

78 

Gloucester - 

84 

Ely 

- 73 Salisbury - 76 

Durham 

80 

Winchester - 

85 


The author just quoted, in reference to tlie tables here given, says of them, that “ the 
parallel will afford us, at one view, authentic information concerning the proportion of one 
constituent part to another of every cathedral in England which is worthy the notice of an 
architect. Such,” he continues, “ a coincidence of dimensions as that which is found in 
many of them, can scarcely be supposed to be the effect of chance, especially where the 
buil^ngs are contemporary and of an exactly correspondent style.” It appears that the 
equality of proportions is confined to each era and style of ecclesiastical architecture in so 
remarkable a degree as to lead us to conjecture that they might have been designed by the 
same architect. “ The constant rivalry,” says Dallaway, “ which subsisted between the 
magnificent prelates, was excited upon the erection of any part of a cathedral of superior 
beauty, and imitated in those of the same kind which were then undertaken ; and the 
architect who had once displayed great talents was invited to repeat the more perfect per* 
formance, upon which he had rested his professional fame.” We have not considered it 
necessary to devote a special portion of our work to the conventual architecture of England, 
because it followed the style of the time. It was of great splendour. The ground plans 
of their habitable portions were usually, though not always, quadrangular, and in the later 
ages partook of the improvements in domestic architecture, as in the colleges built by 
Wykham and Waynflete, and many of the episcopal residences. Glastonbury and Kea<^ng 
presented exceedingly fine examples of it ; the former comprised within its walls sixty 
acres of ground. *' 


Sect. VI. 

ELIZABETHAN ARCHtTECTUAE. 

436. The revival of the arts in Italy has furnished the subject of Chap. I I. Sect XVI. 
It commenced, as we have there seen, with its author Brunelleschi, who died in 1^4 ; and it 
was not tUl more than a century afterwards that, notwithstanding our constant intercourse 
with the Continent, its influence began to be felt in this country. The accession of 
Elizabeth, it will be recollected, took place in 1558. 

437. Whilst the art was in the hands of the clergy, though here always, in point of time, 
behind that of the Continent, it flourished vigorously ; but when that body was scattered 
by the dissolution of the religious houses, no one remained to foster it ; and though 
Henry VIII. delighted in spectacle, and a gorgeous display of his wealth, he was far too great 
a sensualist to be capable of being trained to refinement in the arts. Neither, moreover, 
are the English, as a people, susceptible of high feeling in respect of the productions of art. 
Even to the present hour so low in the scale do they stand, that a lady’s cap finds no 
adoption, receives no sanction among the higher classes, unless moulded^ and previously 
sanctioned in the capital of our lively neighbours. In short, the only period in which the 
arts seemed likely to take root here was under that unfortunate monarch Charles I. ; since 
whose time they have languished, giving way to politics, which engross the attention 
of the higher class, and to commerce, which occupies the attention of the mercl^ts. 
There is here no general pervading love of the arts, as among all claves on the Contment, 
though we believe the time for it approaches. The Elizabethan, or, as some have, perhaps 
more properly, called it, the last Tudor style, is an imperfectly understood ^aptation of 
classic forms to the habits of its day in this country. It is full of redundant and unmeaning 
orimment, creating a restless feeling io the mind of the spectator, which, in the cinque cento 
work, the renmssance of Italy, was in some d^ree atoned for by excellence of design, 
by exquisite execution of the subject, and by a refinement in the forms which some of 
the first artists the world ever saw gave to its productions. In Italy, the orders almost 
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instantaneously rose in their proper proportions, soon leaving nothing to he desired ; but 
in England they were for a long time engrafted on Gothic plans and forms, producing 
nothing but heterogeneous masses of absurdity. It was, nevertheless (strange to say), in 
this style and the Gothic, that the wisdom of the legislature thought proper to solicit designs 
from the architects of the country, in the year 1836, for new houses of Parliament, a pro- 
ceeding which has excited the smiles of the artists of the Continent at our absurdity in 
matters of art. 

438. The work of Andrew Borde has been before mentioned ; but the earliest publication 
in England relative to practical architecture was, “ The first and chiefe Grounds of Archi- 
tecture used in all the ancient and famous Monyments, with a farther and more ample 
Discourse uppon the same than has hitherto been set forthe by any other. By John Shute, 
paynter and architecte.” “ Printed by John Marshe, fol., 1563.” This John Shute had 
been sent by Dudley, Duke of Northumberland, to Italy, probably with the intention of 
afterwards employing him upon the works which he was projecting. From this and many 
other circumstances, it is easy to discover that domestic architecture under Elizabeth had 
assumed a more scientific character. Indeed, there is ample evidence that no building was 
now undertaken without the previous arrangement of a digested and regulated plan ; for 
early in the reign of this sovereign the treatises of Lomazzo and Philibert de Lorme were 
translated into English ; and in the construction of the palatial houses of the aristocracy, 
the architects had begun to act upon a system. The principal deviation from the plans of 
the earlier Tudor houses was in the bay windows, parapets, and porticoes, whereof the two 
latter were intensely carved with all the forms that the most fantastic and grotesque 
imagiiuition could supply. The exteriors of these porticoes were covered with carved 
entablatures, figures, and armorial bearings and devices. The galleries were lofty, wide, 
and generally more than a hundred feet in length ; and the staircases were spacious and 
magnificent, often occupying a considerable portion of the mansion. Elizabeth herself docs 
not appear to have set, during the passion of the period for architecture, any example to 
her subjects. She might have thought her father had done sufficient in building palaces ; 
but, however, be that as it may, she encouraged the nobles of her court in great expenditure 
on their residences. With the exception of the royal gallery at Windsor, she herself did 
actually nothing ; whilst on Kenilworth alone. Lord Leicester is supposed to have expended 
no less a sum than 60,0001., an almost royal sum of money. 

439. Before proceeding further, it becomes our duty here to notice a peculiar construction 
which prevailed in the large manor houses of the provinces, and more especially in the 
counties of Salop, Chester, and Stafford, the memory of many whereof, though several are 
still to be seen, is chiefly preserved in engravings ; — we allude to those, of timber frame- 
work in places where the supply of stone or brick, or both, was scanty. The carved 
pendants, and the harge-boards of the roofs and gables, which had, however, made their 
appearance at a rather earlier period, were executed in oak or chesnut wi* much beauty 
of desi^, and often with a singularly pleasing effect. The timbered style reached its 
zenith in the reign of Elizabeth, and is thus illustrated in Harrison’s description of 
England ; — “Of the curiousnesse of these piles I speake not, sith our workmen are grown 
generallie to snch an excellence of devise in the frames now made, that they farre passe the 
finest of the olde.” And, again : “ It is a worlde to see how divers men being bent to 
buildinge, and having a delectable view in spending of their goodes by that trade, doo 
daUie imagine new devises of their owne to guide their workmen withall, and those more 
curious and excellent than the former.” (p, 336. ) The fashion was no less prevalent in 
cities and towns than in the country; for in them we find that timber-framed houses 
abounded, and that they also were highly ornamented with carvings, and exhibited in their 
street fronts an exuberance of extremely grotesque figures performing the office of corbels. 
The fashion was imported from the Continent, which supplies numberless examples, 
especially in the cities of Rouen, Bruges, Ulm, Louvaine, Antwerp, Brussels, Nurem- 
burg, and Strasburg, which very far surpass any that this country can boast. We have, 
however, sufficient remains of them in this country to prove that the wealthy burgess 
affected an ornamental di^lay in the exterior of his dwelling, rivalling that of the 
aristocracy, and wanting neither elegance nor elaborate finishing, whilst it was productive 
of a high picturesque effect in the street architecture of the day. “ This manner,” says 
Dallaway, “ was certainly much better suited to the painter’s eye than to comfortable 
habitation ; for the houses were lofty enough to admit of many stories and subdivisions, 
and ^ing generally placed in narrow streets were full of low and gloomy apartments, over- 
hanging each other, notwithstan<Ung that they had fronts nearly composed of glas^ with 
the projecting windows and the interstices filled for nearly the whole space.” Fig. 201. is 
a representation of Morton Hall, an example of the style in question. 

440. A better idea of the architecture of this age cannot be obtained than by a notice 
of the principal architects who have furnished materials for the foregoing observations • 
and for this purpose we shall use with freedom the notes to Walpole’s anecdotes, by our 
late much valued friend Mr. Dallaway. A MS., belonging to the Earl of Warwick 
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in the time of Walpole, enabled him to bring to tlie knowledge of the world, and 
perpetuate the memory of, an artist of no mean powers, whose name, till that author’s 
time, was almost buried in oblivion, though he was the architect of most of the principal 
and palatial edifices erected during the reigns of Elizabeth, and James, her successor. 
His name was John Thorpe ; and at the sale of the library of the Hon. Charles 
Greville in 1810, the MS. in question came into the possession of the .late Sir John 
Soane, Professor of Architecture to the Royal Academy. It is a folio, consisting of 
280 pages, wherein the plans, often without a scale, are nevertheless accurately executed. 
Several of tlie subjects were merely designs for proposed mansions. The elevations are 
neatly drawn and shadowed. The general form of the plans is that of three sides of a 
quadrangle, the portico in the centre being an open arcade finished by a turreted cupola. 
^Vhen the quadrangles are perfect, they are, for convenience, surrounded by an op^ 
corridor, llie windows, especially in the principal front, are large and lofty, and mostly 
alternated wdth bows or projecting divisions, and always so at the fianks. The ornaments are 
of the cinque cento school, as far as it was understood here, and are universally rude 
imitations of the works of Lescot and Vignola, — of the latter, of course, much debased. 
Great efforts were made by Thorpe to group the chimneys, which were embellished with 
Roman Doric columns, and other conceits. The contents of the volume are as follow • — 

1 . The ground plan of Old Somerset House. 

2. Buckhurst House in Sussex, w hereof are a ground plan and elevation. The front 

extends 230 ft. The quadrangle is 100 ft. by 80 ft, and the hall 80 ft. by 50 ft. 

3. (Page 24.) The garden front of a nobleman’s house, probably only a design. 

4. “ The way how to drawe any ground plot into the order of perspective,” with dia- 

grams and written descriptions. 

5. A design for a large house with three sides of a quadrangle. 

6. An elevation of a house for Sir Thomas Dorrell in Lincolnshire. 

7 . Godstone. An open corridor of the Doric order. 

8. Copthall in Essex, built for Sir Thomas Heneage, to whom the manor was granted 

by Queen Elizabeth. The gallery, of extraordinary length, as compared with its 
height and width, was 168 ft. long, 22 ft. high, and the same wide ; and the inner 
court of the mansion was 83 ft. square. 

9. Wollaton Hall, Nottinghamshire, the inscription whereon runs thus : “ En has Fran- 

cisci Willougkbai ^des, rara arte constructas WiUoughbteis relictas. Inchoat<e^ 1580 

1588. Mr. Dallaway observes, on this inscription, that the monument of Robert 
Smithson in Wollaton Church appears to invalidate Thorpe’s claim to this design. 
It ru 2 #thus : “ Mr. Robert Smithson, architector and surveyor unto the most worthy 
house of Wollaton, with divers others of great account, ob. 1614.” He was probably 
'Hiorpe’s pupil and successor. 
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10. A design of a quadrangle intersected by a corridor. 

11. Sir John BagnalFs house, with a gaUery above 60 ft. in length. 

12. Burleigh House, built for Cecil the Lord Treasurer : but it exhibits only the plans 
of the ground and first fioors, with designs and sketches for the scroll parapet. 

13. Some details for Sir George St. Poole. 

14. Thornton College, with a gallery 100 ft. long, for Sir Vincent Skinner. 

15. A ground plan for Sir Thomas Jlolte. 

16. A design. 

17. The house called Holland House, at Kensington, for Sir Walter Coapes. This was 
finished by Thorpe in 1607, and afterwards received alterations and additions ftom 
the hands of Inigo Jones and Stone. 

18. Giddea Hall, Essex; altered for Sir Anthony Coke, who there entertained Queen 
Elisabeth. 

19. For Sir George Coppen. 

20. Burghley on the Hill. Garden front. 

21. “A front or garden side for a nobleman, three breadths of ordinary tenements ; ” 
supposed to have been for Sir Robert Greville’s (Lord Brooke) house, near Gray’s 
Inn. 

22. ** A London house for Mr. Darby.** 

23. Wimbledon. “ A house stands upon the edge of a hill,” built for Sir Thomas Cecil 
in 1588. Fuller says it was nearly equal to Nonsuch. It was rebuilt by Sarah 
Duchess of Marlborough, and was consumed by fire . 

24. “ Queene Mother’s House,” altered by I- Thorpe. 

25. “ Monsieur Jammet in Paris, his house, 1620. All his offices are under grounde.” 

26. ilannin’s house, five leagues from Paris, an. 1600. 

27. An elevation for Sir William Haslerigg. 
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28. Longford Pastle, Wiltshire (y?^. 202.). A most singular production. A diagram 

the Trinity drawn In the centre of a plan of the triangular court. It was erected 
finr Sir Thomas Gorges and his lady, the Marchioness Dowager of Northampton, 
in 1591, and is now the seat of the Earl of Radnor. 

29. A plan for Sir Pefcival Hart, LuUingstone, Kent. 

30. A house for Mr. Panton. 

31. Holdenby, built for Sir Christopher Hatton in 1580, and now in ruins. Two large 
quadrangles in the plan, and an elevation of the front. 

32 and 33. Plans for Mr. William Fitzwilliam and Sir Henry Neville. 

34. Audley End; plan of the two courts. Thorpe’s part completed about 1616. 
Much reduced in size since, and now the property of Lord Braybroke. 

35. A design. 

36. Mr. Taylor’s house at Potter’s Bar. 

37. Sir Walter Covert’s in Sussex, whereof the ruined walls are still standing. 

38. Hatfield Lodge, a plan. 

39 and 40. Drawings relating to Ampthill. 

41. “ Kirby, whereof I laid the first stone.** This was a house for John Kirby, citizen 
of London, whose death is mentioned by Fleetwood, Recorder of London, in a 
letter to the Lord Treasurer Burleigh. He b^ built a fair house on Bethnal 


Cbaf. 111. 


ELIZABETHAN. 


199 


Green* whose loftiness and sinulitude to a castle, caused some ridicule of him by * 
the rhymesters of the day 

441. Walpole, upon Thorpe^s Ccmpositionst observes, that the taste of this master’s man- 
sions was that ** bastard style which intervened between Gothic and Grecian architecture, 
or which, perhaps, was the style that had been invented for the houses of the nobility when 
they first ventured, on the settlement of the kingdom after the termination of the quarrel 
between the Roses, to abandon their fortified dungeons, and consult convenience and mag- 
nificence.** The same author continues, ** Thorpe’s ornaments on the balustrades, porches, 
and outsides of windows are barbarous and ungraceful, and some of his vast windows 
advance outwards in a sharp angle ; but there is judgment in his disposition of apartments 
and offices, and he allots more ample space for halls, staircases, and chambers of state. He 
appears, also, to have resided at Paris, and even seems to have been employed there.” 
Among the designs he made is that of a whimsical edifice, designed for himself, forming on 
the plan the initial letters of his name {^f, which are joined by a corridor, the J being 
the situation of the offices, and the being skilfully distributed into large and small 
apartments. The epigraph to the design is as follows : — 

** Tbea 2 Letters i and X ” 

** Joyned together as you sec ” 

“ !s meant for a dwelling house for mee ’* 

“ John Thorpe” 

Walpole truly observes of this volume, that “ it is a very valuable record of the magnifi- 
cence ^f our ancestors, and preserves memorials of many sumptuous buildings of which no 
other monument remains.** We ought, perhaps, to have suffered our account of Thorpe 
to have been preceded by those of others, but the conspicuous rank he holds in the list 
of English architects of this period induced us to place him before another, for. a little 
time his predecessor in the works of the country. We allude to the name of Robert 
Adams, who translated Ubaldini’s account of the defeat of the Spanish Armada from the 
Italian into Latin ; a feat which we fear but fow architects of the present day would easily 
accomplish, such is the foil of education for artists, notwithstanding all the boasts of march 
of intellect. This translation appeared in 4to., 1589. He was surveyor of the queen’s 
buildings, and appears to have been a man of considerable ability. His place of sepulture 
was in an aisle on the north side of the old church at Greenwich, with this inscription, 
“ Egregio Viro, Roberto Adams, openim re^orura supervisor! architecturfe, peritissimo, 
ob. 1595. Simon Basil, operationum regiarum contrarotulator, hoc posuit monumentum 
1601.” 
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442. Bernard Adams and Lawrence Bradshaw were also eminent among the architects 
of the period under our consideration ; but we must notice more particularly Gerard 
Christinas, who was associated with Bernard Jansen in the erection of Northampton, after- 
wards Suffolk, and now Northumberland House, not strictly belonging in time, though in 
style, to the reign of Elizabeth. Both of these architects had acquired considerable fam^ 
and were, deservedly, much employed. In Northumberland House the cyphers of Christ- 
mas, C. (Christmas sedificavit), were used in the street front. The letters H. N. were 
ori^nally in the balustrade here, standing for Howard Earl of Northampton, and were 
frequently repeated, a practice then much in vogue, for there are many examples of inscrip- 
tions of letters enclosed within the balustrade, as if within lines, and pierced so that the sky 
seen through them renders them distinct from almost every point of view. Bernard 
Jansen was probably the architect first employed at the splendid mansion of Audley Inn in 
Essex, for Thomas Howard Earl of Suffolk ; and, besides the association with Christmas 
above mentioned, was joined with Moses Glover in completing Northumberland House, 
and was probably the architect who finished Sion House in Middlesex, for Henry Earl of 
Northumberland, who had at the time expended 9000/. in the work. 

44S. Robert and Huntingdon Smithson, &ther and son, were engaged on WoUaton Hall 
203. at the foot of the preceding page), in Nottinghamshire, as also at Bolsover in 
Derbyshire. The former died in 1614, at the age of seventy-nine, and the latter in 1648, 
but it b pretty certain that Thorpe was consulted in thb splendid work, for among his de- 
rigns, as the reader will recollect, are some for WoUaton. 

444. Thomas Holte, a native of York, was the architect of the public schoob at Oxford 



Fig. 204. it'Buc M-nooiB at oxford. 


(jSff. 204. ), of which the hint might have been taken from tlie Campanile of Santa Chiara at 
Naples, and of the quadrangles of Merton and Wadham colleges. He was the first in this 
country who introduced the classical orders in series above each other. He evidently bor- 
rowed the practice from Philibert Delorme, who had done the same thing at the Chateau 
d*Anet, near Paris, one of the victim edifices of the Revolution. We apprehend any 
argument to prove the absurdity of such conceits b unnecessary. 

445. Many of the grandest works of what b termed the Elizabethan, or, in truth the 
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last Tudor style, were not completed before the middle of the reign of James I. ; so that it 
may be said to have been practised until the days of Inigo Jones, in whose early works it 
may be traced. This &^on,” says Dallaway, ** of building enormous hous^ was ex- 
tended to that period, and even to the civil war. Audley Inn, Hatfield, Charlton, Wilts, 
and particularly Wollaton, are those in which the best architecture of that age may be 
seen. Others of the nobility, deserting their baronial residences, indulged themselves in a 
rivalship in point of extent and grandeur of their country-houses, which was, of course, 
followed by opulent merchants, the founders of new Emilies. Sir Baptist Hickes, the 
king’s mercer (afterwards ennobled), built Campden House, Gloucestershire, which was 
scarcely inferior to Hatfield, afterwards burnt down. There is scarcely a county in 
England which cannot boast of having once contained similar edifices ; a very few are still 
inhabited ; others may be traced by their ruins, or remembered by the oldest villagers, who 
can confirm the tradition ; and the sites, at least, of others are pointed out by descriptions as 
having existed within the memory of man.” 

446. The following is a list of some of the principal palatial houses finished before 1600. 
Others of the reign of Elizabeth’s successors will hereafter be noticed. Of so many of 
them are the names of the architects undetermined, though many are assigned to those we 
have already mentioned, that we shall not attempt to assign a column to the artists in 
question, for fear of misleading our readers. 


Name. 


Date. 

County. 

Founder. 


Present State. 

Catledge 


1560 

Cambridge 

Lord North 


Taken down. 

Basinghouse 

- 

- 

Hants 

Marquis of Winton 

- 

In ruins. 

Kelston 

. 

- 

Somerset - 

Sir J. Harrington 


Rebuilt. 

Gorhambury 

. 

1565 

Herts 

Sir N. Bacon 


In ruins. 

Buckhurst 



Sussex 

Lord Buckhurst 

. 

Destroyed. 

Knowle - 


1570 

Keitt - 

Lord Buckhurst 

. 

Perfect. 

Penshurst 



Kent 

Sir H. Sydney 


Perfect. 

Kenilworth 


1575 

Warwick - 

Earl of Leicester 

. 

In ruins. 

Hunsdon - 


. 

Warwick - 

JLord Hunsdon 

. 

Rebuilt. 

Wanstead 


1576 

Essex 

Earl of Leicester 

. 

Destroyed. 

Burleigh 

- 

1577 

Lincoln 

Lord Burleigh 

- 

Perfect. 

Osterley 



Middlesex - 

Sir Thomas Gresham 

. 

Rebuilt. 

Longleat 


1579 

WUts 

Sir J. Thynne 

- 

Perfect. 

Stoke Pogis 


1580 

Bucks 

Earl of Huntingdon 

. 

Rebuilt 

Tod<hngton 


- 

Beds 

Lord Cheyney 

- 

Destroyed. 

Theobalds 


- 

Herts 

Lord Burleigh 

- 

Destroyed. 

Wimbledon 


1588 

Surrey 

Sir '1'. Cecil 


Rebuilt. 

Westwood 


1590 

Worcester - 

Sir J. Packington 

. 

Perfect, 

Hardwick Hail 

- 

1597 

Derby 

Countess of Shrewsbury 

- 

In ruins. 


447. Relative to Osterley, in the above table, a curious anecdote has been preserved by 
Fuller, in his Worthies of Middlesex. Queen Elizabeth, when visiting its magnificent 
merchant, the owner, observed to him that the court ought to have been divided by a wall. 
He immediately collected so many artificers, that before the queen had risen the next 
morning, says the historian, a wall had been actually erected. 

448. Many of these houses possessed terraces of imposing grandeur, which were con- 
nected by broad or double flights of steps, with balustrades, whereof, if we may judge from 
Winstanley’s print of Wimbledon, the seat of Sir Edward Cecil, it was a very fine example. 
The following extracts from the parliamentary survey of it in 1649 will convey some 
notion of its extent. The scite of this manor-house being placed on the side slipp of a 
rising grownde, renders it to stand of that height, that betwixt the basis of the brick wall of 
the lower court, and the hall door of the sayd manor-house, there are five several ascents, 
consisting of three score and ten stepps, which are distinguished in a very graceful manner. 
The platforms were composed of Ilanders brick, and the stepps of freestone, very well 
wrought. On the ground floor was a room called the stone gallery, 1 08 foot long, pillared 
and arched with gray marble.” The ceiling of the hall “ was of fret or parge work, in the 
middle whereof was fixed one well-wrought landskip, and round the same, in convenient 
distances, seven other pictures in frames, as ornaments to the whole roome ; the floor was 
of black and white marble.” 

449. As we have above observed, the Elizabethan style is a mixture of Gothic and Italian. 
It is characterised by orders very inaccurately and rudely profiled ; by arcades whose openings 
are often extravagantly wide, their height not unfrequently running up into the entabla- 
ture. The columns on the piers are almost universally on pedestals, mid are often landed 
in courses of circular or square blocks at intervals of their height ; when square, they are 
eonsUmtly decorated with prismatic raisings, in imitation of precious stones, a species of 
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ornament which is of very frequent recurrence. Nothing like unbroken entablatures 
appear ; all is Mttered away into small parts, especially in scrolls for the reception of in- 
scriptions, which, at their extremities, are voluted and curled up, like so many pieces of 

scorch^ leather. All these ec- 
centricities are so concen^ted 
in their sepulchral monuments, 
that no better insight into the 
leading principles of the style 
can be afforded than an example 
from Westminster Abbey, here 
given in the monument of Queen 
Elizabeth herself 205.). 

In this it will be seen that the 
taste is cumbrous and conftised ; 
and to add to the anomalies, the 
figures were coloured, and the 
different sorts of marbles and 
alabasters of numberless hues. 
The general composition consists 
in a large altar tomb under an 
open arcade, with a rich and com- 
plicated entablature. The co- 
lumns are usually of black or 
white marble, of the Doric or 
Corinthian order. Small pyra- 
midal figures, whose rides were 
richly veneered with variously 
coloured pieces, disposed in or- 
namented squares or circles sup- 
porting globes, are of continual 
occurrence. Armorial bearings 
in their various colours were in- 
troduced to excess. When the 
monument is placed against a 
wall, which is more usually the 
case, the plan was accommodated 
to it, and the alcove with its 
Vig. SOS. <{irSKM KLU4BKrH'fl MUM’MEMT. columns universally retained. 

Among the best examples are 
those of Ratcliffe Earl of Surrey at Borefaam, and of his countess in Westminster Abbey ; 
of Dudley Earl of l^eicester at Warwick, and of Carey Lord Hunsdoii in Westminster 
Abbey. 

450. It seems droll in this age, when throughout Europe the principles of good taste in 
architecture are so well understood, that &shioD, induced by the cupidity and ignorance of 
upholsterers and decorators, — the curses of the art, — should again sanction an adoption of 
the barbarous forms and unmeaning puerilities which it might be supposed Jones and Wren 
had, by their example, consigned to a merited oblivion. We fear our warning voice will 
do little to suppress the rage till its cycle is completed. We have, in the prolongation of 
the subject, sacrificed our own feelings to the rage in the present day for designs of this 
class, and have assigned to it a far longer description than it deserve. The wretched 
cockney imitations ^ it perpetrated for retired shopkeepers in the insignificant villas of the 
suburb of the metropolis, and occasionally for the amusement of country gentlemen a 
little more distant, as well as the use of what is called Gothic, appear to us in no other 
light than mockeries of a style which is repudiated by the manners of the nineteenth century. 
The style called Elizabeth^ we consider quite as unworthy of imitation as would be the 
adoption in the present day of the model of the ships of war, with their unwieldly and top- 
heavy poops, which encountered the Armada, in preference to the beautiful and compact 
form of a well-moulded modern frigate. 


Sect. VII. 

JAMES 1. TO ANNS. 

451. The first of the reigns that heads this section h^ in some measure, been anticipated 
in our notice of Elizabethan architecture, which it was impossible to keep altogether distinct 
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from the following reign. The angular and circular bay windows now disappeared entirely* 
and were suppl^ted by large square ones, of very large dimensions in their height, 
unequally divided by transoms, and placed in lengthened rows, so as to form leading 
features in the sever^ stories of the building. Battlements were now entirely omitted, 
and the general effect of the pile became one of massive solidity, broken by a square turret 
loftier than thc^ at the angles. The houses built in the reign of James I. are deficient in 
the picturesque beauty found in those of his predecessors. Many of them were finished by 
the architects named in the last section, and they were on a larger scale than even those of 
the age of Elizabeth. Audley Inn in 1616, Hatfield in 1611, and Charlton House in 
Wiltshire for Sir Henry Knevett, were, perhaps, the best specimens. The house at 
Campden, Gloucestershire, built by Sir Baptist Hickes, and which was burned down during 
the civil wars, consisted of four fronts, the principal one being towards the garden, upon the 
ground terrace ; at each angle was a lateral projection of some feet, with spacious bay 
windows ; in the centre a porUco, with a series of the columns of the five orders (as in the 
schools at Oxford), and an open corridor. The parapet was finished with pediments of a 
capneious taste, and the chimneys were twisted pillars with Corinthian capitals. A very 
capacious dome issued from the roof, which was regularly illuminated fiDr the direction 
of travellers during the night. This immense building was enriched with friezes and 
entablatures, most profusely sculptured ; it is reported to have been erected at the expense 
of 29,000/., and to have occupied, with its ofiSces, a site of eight acres.** 

452. The use of the orders became more general. In Glamorganshire, at Beaupre 
Castle (1600), which has a front and porch of the Doric order, we find a composition in- 
cluding that just named, the Ionic and the Corinthian, wherein the capitals and columns 
are accurately designed and executed. The following table exhibits some of the principal 
houses of the period : — 


House. 

Date. 

County. 

Founder. 

Present 

State. 

Architect 

Holland House - 

1607 

Middlesex 


Sir Walter Cope 

Perfect 

John Thorpe 

Bramshill 

. 

Hants 


Edward 1.0Td Zouche - 

do. 

Uncertain. 

Castle Ashby 


Northampton 

Herbert Lord Compton 

do. 

do. 

Summer Hill 

. 

Kent 

. 

Earl of Clanricarde 

do. 

do. 

Charlton 

. 

Wilts. - 

- 

Sir Henry Knevet 

Restored 

da 

Hatfield - 

1611 

Herts. 

_ 

Robert Earl of Salisbury Perfect 

do. 

Longford Castle - 

1612 

Wilts. 


Sir T. Gorges 

do. 

John Iborpe. 
Uncertain. 

Temple Newsham 

. 

Yorkshire 

. 

Sir Arthur Ingram 

do. 

Charlton 


Kent 

. 

Sir Adam Newton 

do. 

do. 

Bolsover 

1613 

Derby - 

. 

Sir Charles Cavendish \ 

Dilapi- 

dated 

f Hunting- 
■1 don and 






Smithson. 

Audley Inn 

1616 

Essex 

- 

T. Earl of Suffolk 

Perfect 

B. Jansen. 







f J. Thorpe 

Wollaton 


Notts. - 


Sir Francis Willoughby 

do. 

< and 

(_ Smithson. 


453. Under James, the pride and magnificence of the aristocracy was as equally dis- 
played in the sumptuous monuments erected to the memory of the departed as in their 
stately palaces ; and we can scarcely point to a county in England whose parish churches 
do not attest the feet by the gorgeous tombs that exist in villages where the mansions of 
those thus commemorated have not long since passed from the memory of man. A year’s 
rental of an estate, and that frequently under testamentary direction, was often squandered 
in the sepiilchral monument of the deceased lord of a manor. 

454. In the reign of James I. properly commences the career of Inigo Jones, to which 
we hasten with delight, as indicating the dawn of true architecture (for the Gothic had irre- 
trievably passed away) in England. It resembles the arrival of a traveller at an oasis in the 
desert, after a parching and toilsome journey. Jones, if a table of feme,” says Walpole, 

like that in the Tatler, were to be formed for men of real and indisputable genius in 
every country, would save England from the disgrace of not having her “Yepresentative 
among the arte. She adopted Holbein and Vandyck, she borrowed Rubens, she produced 
Inigo Jones. Vitruvius drew up his grammar, Palladio showed him the practice, Rome 
displayed a theatre worthy his emulation, and King Charl^ was ready to encourage, 
employ, and reward his talents. Tliis is the history of Inigo Jones as a genius.” Gene- 
rally speaking, we are not admirei^ of Walpole, who oft«n sacrificed truth to fancy, and the 
character of an artist to a prettily-turned period •, hence we are disinclined to concur in his 
criticisms without mrniy qualifications ; but in this case he has so well expressed our own 



«04 


HISTORY OF ARCHITECTURE. 


Book 1. 


feelings; that we regret we cannot add force to the observations in which we so fully 
concur. 

455. Inigo Jones was the son of a clothworker, and was bom about 1572. From the 
most probable accounts he appears to have been apprenticed to a joiner, in which state he 
was, from some accounts, discovered by the Earl of Arundel, from others by William Earl 
of Pembroke, and by one or other of these noblemen sent to Italy, rather, however, accord- 
ing to Walpole, to study the art of painting, than that of architecture, for the former of which, 
the author named says, Nature appears not to have fitted him, inasmuch as “ he dropped the 
pencil, and conceived Whitehall.” But our own belief is, that though he might have after- 
wards been patronised by both the noblemen above mentioned, he owed this part of his 
education to neither of them ; for, considering that at his first visit to Italy, before 1605, 
Lord Pembroke was but just of age, and that Lord Arundel was somewhat younger, 
there is no great probability that either of them thus assisted him in his studies on the 
Continent. 

456. Of his employment as an architect nothing can be traced previous to the visit of 
James I. to the University of Oxford, in 1605, at which time he was thirty-three years old ; 
and then, according to Leland ( CoQectnnea^ App* vol. vi. p. 647.), “ They ” ^the Univer- 
sity) “ hired one Mr. Jones, a great traveller, who undertook to further them with rare 
devices, but performed little to what was" expected. He had for his pains, I have con- 
stantly heard, 50i. from which it is certain that his earliest visit to Italy was before 
1605. At Venice he became acquainted with the works of Palladio; and there, as 
Walpole observes, “ learned how beautifully taste may be exerted on a less theatre than 
the capital of an empire.” In this city his reputation was so great, that Christian IV. 
appointed him his architect, though of the building erected by him in Denmark we know 
nothing. In this country’s capital, however, he was found by James, and by his Queen 
(Anne) was removed from Copenhagen to Scotland, in the quality of her architect. By 
Prince Henry he was employed in the same capacity, and about this time had the grant in 
reversion of surveyor general of the works. On the untimely and lamented death of that 
prince, he once more visited Italy, where he perfected his taste and ripened his judgment. 
It appears more than probable that it was previous to his second journey that he designed 
those of his buildings that partake of a bastard style. I'hese buildings, however, are such 
as could, under the circumstances, have been designed only by a great master in a state of 
transition from one style to another ; such, for instance, are the north and south sides of 
the quadrangle at St. John’s College, Oxford, in which he seems to have copied all the 
faults of the worst examples of his great master Palladio ; still the composition is so 
picturesque, that, though reluctantly, we cannot avoid admiring it. In the garden front of 
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the same college (Jig. 206.), notwithstanding its impurity, there is a breadth and grandeur 
which subdue criticism, and raise our admiration; and we by no means subscribe to Horace 
Walpole’s dictum, that « Inigo’s designs of that period have a littleness of parts and a 
weight of ornament.” Previous to bis second return to England, the surveyor’s place had 
foUen in, and finding the office in debt, he prevailed, as V/alpole observes, with an air of 
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Roman di^terestedness, and showing that architecture was not the only thing he had 
learned in Rome, on the cmnptroller and paymaster of the office, to give up, as he did, all 
the profits of the office till t^ arremrs were cleared. 

457. By the Fadera, voL xviii. p. 99., we find that there was issued to him, in conjunction 
with the Earl of Arundel mid others, a commission to prevent the building on new found* 
ations within two miles of Xondon mid the palace of Westminster ; and in 1620 he was, if 
possible, more u^lessly employed by James 1. in guessing, fi>r it was no more, who were 
the builders of Stonehenge. For this last, the necessary preliminary information bad not 
even dawned, although Walpcde, in his usual off-hand manner, loses not, in alluding to it, the 
opportumtyofdisplayinghisown dreadful ignorance on the subject. (See Chap. 11. Sect II., 
where this monument has been examined. ) In the year last named, Jones was one of the 
commissioners for the repair of old St Faul*s, though the repairs were not commenced till 
1633, in which year Laud, then Bishop of London, laid the first stone, and Inigo Jones 
the fourth. Our architect was now too much disinclined to Gothic to bend his genius to 
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anything in the shape of a restoration ; and though the Roman portico which he placed 
before the church was magnificent, the application of Roman to Gothic architecture of 
course ruined the cathedral. The reader will find a representation of this portico in 
Hugdale’s St. PauVs. Abstractedly considered, it was a fine composition ; and its dimen- 
sions, of a length of 200 ft., a depth of 50 ft., and a height of 40 ft., were calculated to give 
it an imposing effect. 

458. The Banqueting House at Whitehall, which we have pride in quoting as one of 
the most magnificent works in Europe, has generally been supposed to have been erected in 
the reign of Charles I.; but there is sufficient reason for assigning the period of its execution 
to the preceding reign. It was begun in 1619, and finished in two years. The designs 
for the palace of Whitehall, whereof Jig. 207. at the foot of the preceding page, exhibits a 
block plan, on which the banqueting-house (at A), it will be seen, forms a very inconsi- 
derable portion, would, had they been executed, have formed, beyond all comparison, the 
finest in the world. In magnitude it would have exceeded even the palace of Diocletian. 
The form, as will be observed, was an oblong square, and consisted of seven courts, whereof 
six were quadrangular. The central one was larger than the other two chief divisions ; 
and these were again subdivided into three courts, the centre one of which, on the north 
side, had two galleries with arcades, and that on the south a circular Persian court, as it 
was called, whose diameter was 210 ft. Surrounded on the ground floor by an open 
arcade, the piers between the arches were decorated with figures of Persians, with what 
propriety it is useless to discuss ; and the upper story was ornamented between each 
window with caryatides, bearing Corinthian capitals on their heads, surmounted by an 
entablature of that order, and the whole was finished by a balustrade. Towards West- 
minster, the front extended 1152 ft.; and that towards the park, in which the length of 
the banqueting-house is included, would have been 720 ft. With the exception of 
Westminster Hall, the banqueting-house (now used as a chapel) is the largest room in 
England, its length being 115 ft., breadth 60ft., and height 55 ft. 

459. In 1623, Jones was employed on Somerset House, to the garden front whereof he 
executed (Jig. 208.) a fa 9 ade of singular beauty, lost to the world by its demolition on the 



Fig. 208. nATBB FBo^T or ou) soufusBr huuss. 


rebuilding of the edifice for its present purposes. On the ascent of Charles I. to the 
throne, our architect seems to have been ve^ much employed. As surveyor of the public 
buildings, his stipend was 8s. 4d. a day, besides an allowance of 46t per annum for house- 
rent, a clerk, and incidental eiipenses. 

460. In the passion for masques which prevailed during the reign of Charles I., Jones was 
a principal contributor to their splendour. They had been introduced into this country by 
Anne of Denmark ; and Walpole gives a list of thirteen to which he furnished the scenes 
and machinery. 

■ Those that have seen Wilton can appreciate Inigo’s merit for having introduced into 
^glan^ in the seats of our aristocracy, a style vying with that of the villas of Italy. 
Some disagreement appears to have arisen between him and Philip Earl of Pembroke, 
which here it would be irrelevant to dweU on ; we will merely mention that in the 
ilarleian library existed an ^ition of Jones’s Stmiehenpe, which had formerly be- 
longed to the nobleman in question; and that its margins are filled by the former 
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possessor with notes, not on the substance of the work itself, but on its author, and anything 
else that could be injurious. He calls him “ Iniquity Jones,” and says he had 16,000^. 
a year for keeping the king’s houses in repair. The censures were undeserved ; and the 
accusations, unwarranted by facts, are extremely discreditable to the memory of Earl 

462. The works of Jones 
were exceedingly numerous ; 
many, however, are assigned to 
him which were the productions 
of his scholars. Such buildings 
as the Queen’s house at Green> 
wich (much altered, and, indeed, 
spoiled, of late years, for the pur- 
pose of turning it into a public 
naval school); Coleshill,in Berk- 
shire, built in 1650; Shaftes- 
bury House, in Aldersgate 
Street ; the square, as planned, 
and Church of St. Paul, Govern 
Garden ; and many other works, 
ard strong proofs of the advance- 
ment of architecture during his 
career. York Stairs (Jig. 209. ), 
another of his examples, exhibits 
a pureness and propriety of cha- 
racter which appears to have 
been afterwards unappreciated 
by his successors, with Wren at 
their head, whose mention by 
the side of Jones is only justified by (he scienti6c and constructive skill he possessed. 

463. Jones was a follower of the Venetian school, which we have described in a previous 
section. His respect for Palladio is evinced by the circumstance of a copy of that great 
master’s works being his companion on his travels through Italy. It is filled with his 
autograph notes, and is now dep<^itcd in the library of Worcester College, Oxford. Lord 
Burlington had a Vitruvius noted by him in a similar manner. It is curious to see the 
amateurs and pseudo-critics of the present day decry these two authors, whom Jones, a 
genius of the first order, thought his best instructors. Hie class in question are, however, 
no longer considered worthy of being listened to on matters of the art ; and the public 
taste is, in this respect, turning once more into the proper channel. Palladian architecture, 
thus introduced by Jones, would have reached a splendour under Charles I. perhaps equal 
to that which Italy can boast, had not its progress been checked by public calamities, in 
which it was the lot of the artist to share the misfortunes of his royal master. In addition 
to being the favourite of the king, he was a Roman Catholic ; and for this (as it was then 
curiously called) delinquency, he had to pay 545^. in the year 1646. Grief, misfortunes, 
and a consequent premature old age, terminated the life of this great man at Somerset 
House on the 2Ist of July, 1651. 

464. The plans of houses introduced from Italy by this master were not, perhaps,' alto- 
gether suited to the climate or habits of the English. One of his greatest faults was that of 
aiming at magnificence under circumstances in which it could not be attained. Thus, his 
rooms were often sacrificed to the show and effect resulting from a hall or a staircase, or 
both ; sometimes, to gain the appearance of a vista of apartments, they were made too small 
for the scale of the house. His distriburion of windows is purely Italian, and the piers 
between them consequently too large, so that the light is occasionally insufficient in 
quantity. The habits of Italy, which enabled Palladio to rriise his principal floor, and to 
^ve the farm offices and those for the vintage in the same range of building as the 
mansion, impart an air of great magnificence to the Italian villa. Jones saw that this 
arrangement was not required for English convenience, and therefore avoided the Palladian 
practice ; “ but,” says Mitford, “ the architects who followed him were dazzled, or dazzled 
their employers. To tack the wings to the centre with a colonnade became a phrase to 
express the purpose of plan of the most elegant eflTect ; and the eflfect, provided the com- 
bination be harmonious, will be elegant ; but the arrangement is very adverse to general 
convenience, and especially in the moderate scale of most general use. Where great 
splendour is the object, convenience must yield to it. Magnificence must be paid for in 
convenience as well ^ money.” Webb and Carter were the pupils of Jones. The former 
will furnish us presently with a few remarks. During the time of the Commonwealth, the 
history of architecture in this country is a complete blank. W’^e know of no public work 
of consequence that was designed or executed in the interregnum. On the restoration of 
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the monarchy, however, the art began to revive; but it was much tinctured with the 
contemporary French style, which Lord Burlington, on its reappearance many years after> 
wards, had the merit of reforming, and of bringing back the public taste to the purity 
which Jones bad introduced : but this we shall have to notice hereafter. 

465. John Webb was nephew as well as scholar of Inigo Jones, whose only daughter 
he married. He built a large seat for the Bromley ^mily at Hors^eath, in Cmnbrid^^hire ; 
and added a portico to the ^ne, in Hampshire, for Chall<mer Chute, the Speaker to 
Richard Cromwell’s parliament. Ambresbury, in Wiltshire (Jig, 210.), was only executed 
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by him from the designs of hb master, as abo the east side of the court of Greenwich 
Hospital. Captain William Winde, a native of Bergen-op-Zoom, and pupH to Sir Balthazar 
Gerbier, was, soon after the Restoration, in considerable employ as an architect. He buiit 
Cliefden House, Bucks, which was destroyed by fire in 1795 ; the Duke of Newcastle’s, in 
Lincoln’s Inn Fields ; Combe Abbey, Warwickshire, for Lord Craven ; and for the same 
peer he finished Hempsted Marshall, which had be^ begun by hb master. But the chief 
and best work of THnde was Buckingham House, in St. James’s Park, on whose ate now 
stands a palace Im^er, indeed, but unworthy to be its successor. It b known from prints, 
and not a few of our readers will probably recollect the building itself. It was erected for 
J<to SiefiSdd, Duke of Buckingham ; and on its frieze was the inscription ^ sic snx 
LxaES.” The arrears in the payments for thb bouse, according to an anecdote 
in Walpole, were so distressing, that when it was nearly finished, “ Winde had enticed hb 
Grace to moimt upon the leads to enjoy the grand prospect When there, he coolly locked 
the trap'door, and threw the key to the ground, addr^sing hb astonished patron, * I am 
a ruined man, and unless I have your word of honour that the debts shall paid, I will 
instantly throw myself over.’ ‘ And what b to become of me,* smd the duke ? ‘ You 
come sdoi^ with me.* The promise was given, and the trap-door opened (upon a rign 
made) by a workup in the secret and who was a party to the plot” We do not vouch 
fi>r the truth of the tale. 

466. An architect of the name of Marsh b said, by Vertue, to have designed the additional 
buildings at B<dsover, as also to have done some conriderable works at Nottingham Castle ; 
and Sa^ion, in hb account of Essex, mentions a Doctor Morecroft, who died in 1677, as 
the architect of the manor-house of fitzwalters. Of the works of the Fr^ch taste al^ut 
tile middle of tiie period under discussion, a better notion cannot be obt^ed than from 
Montague House, now the British Museum (^ fig. 211.), the work of a Frenchman here 
wlmse exmnple had fi>llowers ; indeed. Wren hiiiLself, in some of hb works, has caught the 
vi<^ of the Fr^ush sdbool of the day, though be was a foUowmr of the Venetian and Roman 
schoob. The fire which destroyed l4>ndon in 1666, a few years after the death of Jones, 
brought into notice the tadents of Sir Christopher Wren, whose career was opened under 
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the reign of Charles II. “ The length of his life enriched the reigns of several princes and 
disgraced the last of them. ” (At the advanced age of 86 he was removed by George I. from 
the office of Surveyor General. ) “ A variety of knowledge proclaims the universality, a mul- 
tiplicity of works the abundance, St. Paul’s the greatness, of Sir Christopher’s genius. The 
noblest temple, the largest palace, the most stupendous hospital, in such a kingdom as 
Britain, are all works of the same hand. He restored London and recorded its fall.” As 
the boast of England is the Cathedral Church of St. Paul, it will be necessary to dwell a 
little on a description of it. 

467. The larger portion of this cathedral stands on part of the site of the old one, as 
shown by the annexed diagram 212.), which also exhibits their comparative sizes. It is 



copied from a drawing by Sir Christopher in the library of All Souls College at Oxford. 
The instructions to the surrevor, according to the compiler of the Parentalia. were — “ to 
contrive a fabric of moderate bulk, but of good proportion ; a convenient quire, with a 
vestibule and porticoes, and a dome conspicuous above the houses and in conformity with 
them, a design was made which, from various causes, does not appear to have given satis- 
faction; whereon the compiler observes, that “he endeavoured to gratify the taste of the 
connoisseurs and critieks with something coloss and beautiful, with a design antique and 
well studied, conformable to the best style of the Greek and Homan architecture. Ihe 
model made from this design is still preserved in the cathedral. Tins however was, unfor- 
tunately, not approved, and, as our informant continues, “ the surveyor tljen turned his 
thoughts to a cathedral form, so altered as to reconcile as near as possible the Gothic to a 
bette? manner of architecture.” These last designs were approved by Charles, who issued 
his warrant under privv seal on the 1st of May, 1675, for the execution of the works. 

468. Much trouble was experienced in removing the immense rums of the old church, toi 
the destruction whereof recourse was had to many expedients. On the north side, the founda- 
tions are placed upon a stratum of hard pot earth about 6 ft. m thickness, hut not more 
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than 4 R. thick on the south side ; and upon this stratum, from the experience of the old 
church having firmly rested, the architect wisely determined to place the new one. The 
work was commenced on the western side, driving eastward to the extremity of the site ; 
at which, on the northern side, a pit was iUscovered whence the hard pot earth had 
been extracted, and the vacuity so made filled up with loose rubbish. The length of this 
hole in the direction of the foundation was not more than 6 or 7 ft., and from the fear of 
piles, if driven, becoming rotten, the surveyor determined to excavate through the sand, 
and to build up from the stratum solid for a depth of 40 ft. The pit sunk here was 18 ft. 
wide; in this he built up a pier, 10ft. square, tUl it rose to within 15 ft. of the present 
surface. At this level he introduced an arch from the pier to the main foundation, and on 
this arch the north-eastern quoin of the choir is founded. 

469. On the 2Ist of June, 1675, the first stone was laid; and, within ten years, the walls 
of the choir and its side aisles, and the north and south circular porticoes, were finished ; the 
piers of the dome also were brought up to the same height. The son of the architect laid 
the last stone in 1710. This was the highest stone on the top of the lantern. Thus the 
whole edifice was finished in thirty-five years, under the remarkable circumstances of having 
only one architect, one master mason (Mr. Strong), and the see being occupied the whole 
time by one bishop; Doctor Henry Compton. 

470. The plan of St. Paul’s is a Latin cross, and bears a general resemblance to that of 
St. Peter’s. A rectangular parallelogram, 480 ft. from east to west (measuring from the 
top of the steps of the western portico to the exterior of the eastern wall of the choir), is 
crossed by another parallelogram, whose extremities form the transepts, 250 ft. in length 
from north to south. At the eastern end of the first parallelogram is a hemicylindrical 
recess, containing the altar, and extending 20 ft. fiirther eastward ; so that the whole length 
is 500 ft., exclusive of the flight of steps. At the north and south ends of the transepts 
are porticoes, segmental on the plan, and projecting 20 ft. The centre of the* intersection 
of the parallelograms is 280 ft. from the western front. The width of each parallelogram 
is 125 ft. At the western end of the edifice, on the north and south extremities, are towers 
whose western faces are in the same plane as the general front, but whose northern and 
southern faces respectively project about 27 ft. from the walls of the aisles of the nave ; so 
that the whole width of the western front is about 180 ft. In the re-entering angles on 
each side, between the .towers and the main building, are two chapels, each 50 ft. long and 
20 ft. broad, open to the aisles of the nave at their western end. Externally two orders 
reign round the building. The lower one Corinthian, standing on a basement 10ft. above 
the level of the ground, on the western side, where a flight of steps extending the whole 
breadth of the front, exclusive of the towers, leads to the level of the church. The height 
of this order, including the entablature, is 50 ft. ; and that of the second order, which is 
composite, is one fifth less, or 40 ft. ; making the total height 100 ft. from the ground to the 
top of the second entablature. The portico of the western front is formed with the two 
orders above mentioned, the lower story consisting of twelve coupled columns, and the 
upper one of eight ; which last is surmounted by a pediment, whose tympanum is sculp- 
tured with the subject of the Conversion of St, Paul, in pretty high relief. Half of the 
western elevation, and the half transverse section, is given in Jiff. 213. At the northern 
and southern ends of the transepts the lower order is continued into porticoes of six fluted 
columns, standing, in plan, on the segment of a circle, and crowned with a semi-dome abut- 
ting agmnst the ends of the transepts. 

471. The porch of the western front is 50 ft. long and 20 ft. wide : the great doorway, 
being in the centre of it, leads to a vestibule 50 ft. square, at whose angles are four piers 
connected at top by semicircular arches, under which are placed detached coupled columns 
in front of the piers. The body of the church is divided into a nave and two side aisles, 
decorated with pilasters supporting semicircular arches ; and on each side of the porch and 
vestibule is a passage which leads directly to the corresponding aisles. The choir is similarly 
disposed, with its central division and side aisles. 

472. The entrances from the transepts lead into vestibules 25 ft. deep, and the whole 
breadth of the transept in length, each communicating with the centre by a central passage 
and its ables formed between two massive piers and the walls at the intersections of the 
transepts with the choir and nave. The eight piers are joined by arches springing from 
one to the other so as to form an octagon at their springing points, and the angles between 
the arches, instead of rising vertically, sai/ over as they rise and form pendentives, which 
lead, at their top, into a circle on the plan. Above this a wall rises in the form of a trun- 
cated cone, which, at the height of 168 ft. from the pavement, terminates in a horizontal 
comice, from which the interior dome springs. Its diameter is 100 ft., and it is 60 ft. in 
height, in the form of a paraboloid. Its thickness is 18 in., and it is constructed of brick- 
work. From the haunches of this dome, 200 ft. above the pavement of the church, another 
cone of brickwork commences, 85 ft. high, and 94 ft. diameter at the bottom. This cone 
is pierced with apertures, as well for the purpose of diminishing its weight as for distri- 
buting light between it and the outer dome. At the top it is gathered into a dome, in the 



Ch*!-. III. 


JAMES I. TO ANNE. 


311 
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form of a hyperboloid, pierced near the rertex with an aperture 12ft. in diameter. The 
top of this cone is 285 ft. &oni the pavement, and carries a lantern 55 ft. high, temunating 
in a dome, whereon a ball and cross is raised. The last-named cone is provided with 
corbels, sufficient in number to receive the hammer beams of the external dome, which is 
of oak, and its base 220 ft. from the pavement, its summit being level with the top of the 
cone. In form, it is nearly hemispherical, and generated by radii 57 ft. in length, whose 
centres are in a horizontal diameter, passing through its base. The cone and the interior 
dome are restrained in their lateral thrust on the supports by four tiers of strong iron 
chains, placed in ^ooves prepared for their reception, and run with lead. The lowest 
of these is inserted in the masonry round their common base, and the other three at different 
heights on the exterior of the cone. Externally the intervals of the columns and pilasters 
are occupied by windows and niches, with horizontal and semicircular heads, and crowned 
with pediinenta In the lower order, excepting modillions under the corona, the entabla- 
ture is quite plain, and there are also console modillions in the upper order. The edifice, 
in three directions, is terminated with pediment roofe ; and at the extremities, on each of 
toose fii^ are acroteria, supporting statues 25 ft. above the roof of the edifice. Over the 
intersection of the nave and transepts for the external work, and for a height of 25 ft. above 
the roof <ff the church, a cylindrical wall rises, whose diameter is 146 ft. Between it and 
the^lower^ conical wall is a space, but at intervals they are connected by cross walls. This 
cylinder is quite plain, but perforated by two courses of rectangular aperturea On it 
stands a peris^le of thirty columns of the Corinthian order, 40 ft. high, including bases 
and capitals, with a plain entablature crowned by a balustrade. In this peristyle, every 
fourth intercolunmiation is filled up solid, with a niche, and coimection is provided between 
it and the wall of the lower cone. Vertically over the base of that cone, above the 
peristyle, rises another cylindrical wall, appearing above the balustrade. It is ornamented 
with pilasters, between which are a tier of rectangular windows above, and one of blanks 
below. On this wall the external dome is posited. As will be seen by reference to the 
section, die lantern which we have before noticed receives no support from it. It is merely 
omammital, differing entirely in that respect from the dome of St. Peter’s. 

473. towers in the western front are 220 ft. high, terminating in open lanterns, 
covered with domes formed by curves of contrary flexure, and not very purely compiled, 
though perhaps in character with the general fa9ade. 

P2 



S19 


HISTORY OF ARCHITECTURE. 


Book I. 


474. The interior of the nave and choir are each deigned with three arches longitu- 
dinally springing from piers, strengthened, as well as decorated,, on their inner faces, by an 
entablature, whose cornice reigns throughout the nave and church. Above this entabla- 
ture, and breaking with it over each pilaster, k a tall attic from projections, on which 
spring semicircular arches which are formed into arcs dovbleaux. Between the last pen- 
dentives are formed, terminated by horizontal cornices. Small cupolas, of less height than 
their semi-diameter, are formed above these coniices. In the upright plane space on the 
walls above the main arches of the nave, choir, and transepts, a cleresttyry is obtmned over 
the Attic order, whose form is generated by the rising of the pendentives. The inner 
dome is plastered on the under side, and painted by Sir James Thornhill, with subjects 
relating to the history of St. Paul. 

475. For external elegance, we know no church in Europe which exhibits a cupola 
comparable with that of St. Paul’s, though in its connection with the church by an order 
higher than that below it there is a violation of the laws of the art. The cost of the church 
was 736,752/., exclusive of the stone and iron enclosures round it, which cost 11,202/. 
more; in all 747,954/. About nine-tenths of that sum were raised by a tax on coals im- 
ported into London. As compared with St. Peter’s, we subjoin a few of the principal di- 
mensions of the two churches. 


Direction of Measure. 

St. Peter’s In En- 
glish Feet. 

St. Paul’s in En- 
glish Feet. 

Excess of the former 
iu Feet. 

Length within 

669 

500 

169 

Breadth at entrance 

226 

100 

126 

Principal facade 

395 

180 

215 

Breadth at the cross - 

442 

223 

9.1 Q 

'’Cupola, clear diameter 

139 

108 

31 

Cupola, height of, with lantern 

432. 

330 

102 

Church in height 

146 

no 

86 


476. If we suppose sections to be made through the transepts of the four principal 
churches of Europe, we have their relative sizes in the following ratio : 


St, Peter’s, Rome • - . 

Santa Maria del Fiore, at Florence 
St. Paul’s, London 
St. Genevieve (Pantheon), Paris - 


lOOOO 

*5358 

•4166 

•3303 


477. Notwithstanding its imposing effect as a whole, and the exhibition in its construc- 
tion of a mechanical skiU of the yery high^t order ; notwithstanding, also, the abstract 
beauty of the greater number of its parts, it is our duty to observe that many egresdou. 
abuses are displayed in the &bric of St. Paul’s, the first and greatest whereof is the ireat 
waste of mtenor effect as compared with the total section employed. If we suppose, as 
before, sections firom north to south to be made through the transepts of the four prin- 
cipal churches, the following table will exhibit the proportion of their clear internal to their 
extomal mcas : ~ 


St. Peter’s, Rome - 
Santa Maria del Fiore, Florence 
Paul’s, London 

St. Genevieve (Pantheon), Paris 


- 8,325 : 10,000 

- 8,855 : 10,000 

- 6,865 ; 10,000 

- 6,746 : 10,000 


Whence it is seen how highly in this respect the Duomo of Florence ranks above the others 
The defect of St. Paul’s m this respect is mainly induced by the &lse dome : and thouo-h 
we may ^re «ie i^enuity that provided for carrying a stone lantern on the top of a 
truncated cone, deceitfuUy appearing, as it does, to stand on the dome from which it rises 
we cannot help regretting that it afforded the opportunity of giving the building a cupola! 
liable to the early attack of time, and perhaps that, more to be dreaded, of file 

478. In the skill required for raising a buUding on a minimura of foundatioli. Sir Chris- 
topher Wren appears to have surpassed, at least, those who preceded him. In similarlv 
or nearly so formed buddings, some criterion of the comparative skill employed in their 
coKtruction may be drawn from comparing the ratio between the area of the whole plan 
and that of the sum of the areas of the horizontal sections of the whole of the piers’ 
walls, and pillars, which serve to support the superincumbent mass. The similaritv of the 
four churAes ^^y compared affords, therefore, a criterion of their respective merits in 
tim resp^ We har% need say that one of the first quaUfications of m architect is to 
prepuce the greater effect by the smallest means. The subjoined table is placed before the 
reader as a comparison of the four churches iit reference to the point in question. 
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Church. 

Whole Area in 
English Feet 

Area of Points of 
Support. 

Ratio. 

St. Peter’s at Rome 

227,069 

59,308 

1 : 0-261 

Sta. Maria del biore, Florence 

84,802 

17,030 

1 : 0*201 

St. Paul's, London 

84,025 

14,311 

1 : 0-170 

St. Genevieve (Pantheon), Paris 

60,287 

9,269 

1 ; 0-154 


The merit, therefore, shown in the construction of the above edifices will be nearly as J 5, 
1 7, 20, 26, or inversely proportional to the numbers in the last column. 

479. We must here mention one of the most unpardonable defects, or rather abuses, 
which this church exhibits, and which must be learnt from reference to^^. 214. Therein is 



Fig. 214. ST. PAVL’S. SHCTIO> WITH Bt rTBEiSES. 


given a transverse section of the nave and its side aisles. From this it will be seen that the 
enormous expense of the second or upper order all round the church was incurred for no 
other purpose than that of concealing the flying buttresses that are used to counteract the 
thrusts of the vaults of the nave, choir, and transepts, — an abuse that admits of no apology. 
It is an architectural fraud. We do not think it necessary to descend into minor defects 
and abuses, such as vaulting the church from an Attic order, the multiplicity of breaks, 
and want of repose ; the general disappearance of tie and connection, the piercing, as 
practised, the piers of the cupola, and mitering the archivolts of its great arches, and the 
like, because we think all these are more than counterbalanced by the beauties of the edi- 
fice. We cannot, however, leave the subject without observing that not the least of its 
merits is its freedom from any material settlement tending to bring on premature dilapida- 
tion. Its chief failures are over the easternmost arch of the nave, and in the north transept, 
for the remedy whereof (the latter) the architect left written instructions. There are also 
some unimportant failures in the haunches of most of the flying buttresses, which are 
scarcely worth notice. 

4S0. The wretchedly naked appearance of the interior of this cathedral is a disgrace 
neither to the architect nor to the country, but to the cler^', Terrick, bishop of London, 
and Potter, archbishop of Canterbury, who refused to sanction its decoration with pictures, 
gratuitously proffered by artists of the highest reputation ; and this after the cupola itself 
had been decorated. The colour of the sculpture is of no use in heightening the effect of 
the interior. 

481. The Parc/italia contains a description of the manner which the walls of the old 
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cathedral were destroyed, and those of the present one raised ; which should be read by all 
those engaged in the practice of architecture. 

482. Wren, having lived to see the completion of St. Paul’s, died in 1723, at the age of 
9 1 , and was buried under the fabric, “ with four words,” says Walpole, “ that comprehended 
his merit and his &me. 

“ SI QU^RAS MONUMENTUM CIRCUMSPICE.” 

483. It will be impossible, consistently with our space, to describe the works of Sir Chris- 
topher Wren. One upon which his fame is as justly founded as upon St. Paul’s itself, is 
St. Stephen’s Church in Wallbrook, in which, on a plot of ground 80jft. by 59^ ft., he 
has contrived a structure whose elegance is not surpassed by any one we know to have 
been raised under similar restrictions. The church in question is divided longitudinally 
into five aisles by four ranks of Corinthian columns standing on pedestals ; the places of 
four columns near the centre being unoccupied ; the surrounding central columns form the 
angles of an octagon, 45 ft. diameter, on which arches are turned, and above which, by 
means of pendentives, the circular base of a dome is formed, which is in the shape of a seg- 
ment of a sphere, with a lantern thereon. The celling of the middle aisle from east to 
west is vaulted in groins. The rest of the ceiling is horizontal. The interior of St. James’s, 
Westminster, is another beautiful example of the master, though recently underrated by 
an ignorant critic. 

484. One of the peculiarities remarkable about Wren’s period is the investment of the 
form of the Gothic spire with a clothing of Italian architecture, by which the modern 
steeple was produced. If any example could reconcile us to such a practice, it might 
be found in that of Bow Church, another of Wren’s works, which rises to the height 
of 1 97 ft. from the ground, the sides of the square from which it rises being 32 ft. 6 in. 
'There are, in the leading proportions of this tower and spire, some extraordinary examples 
in relative heights as compared with widths sesquilaterally, which would almost lead one 
to suppose that, in this respect, our architect was somewhat superstitious. 

485. In St. Dunstan in the East, Wren attempted Gothic, and it is the least offensive 
of his productions in that style. It is an elegant composition, but wants the claim to ori- 
ginality. St. Nicholas, Newcastle, and the High Church, Edinburgh, are its prototypes. 

486. The Monument of London is original, notwithstanding columns of this sort had 
been previously erected. Its total expense was 8856/., and it was commenced in 1671, 
completed in 1677. The height is 202 ft. ; hence it is loftier than any of the historical co- 
lumns of the ancients. The pedestal is about 21 ft. square, standing on a plinth 6 ft. 
wider. The lower diameter of the column on the upper part of the base is 15 ft., and the 
shaft incloses a staircase of black marble, consisting of S45 steps. It was fluted after the 
work was carried up. The quantity of Portland stone whereof it is composed is 28,196 
cubic feet. The jGitonine column at Rome is 175, and that of Trajan 147 ft. high. That 
erected by Arcadius at Constantinople, when perfect, was of the same height as that last 
mentioned. The structure of which we are speaking loses much by its situation, which 
has neither been improved nor deteriorated by the streets consequent on the rebuilding of 
London Bridge : and though it cannot compete with the Trajan column in point of in- 
trinsic beauty, it is, nevertheless, an exquisite and well-proportioned work, and seems much 
better calculated with propriety to record the object of its erection, than the other is to be 
the monument of a hero. In these days, it is singular to see that no other mode than the 
erection of a column could be found to record the glorious actions of a Nelson. Such was 
the poverty of taste that marked the decision of the committee to whom that object was most 
improperly entrusted. 

487. Among the works of Wren not to be passed without notice is the Library of 
Trinity College, Cambridge. It is one of his finest productions, and one with which he 
himself was well satisfied. It consists of two orders ; a Doric arcade below, open to a 
basement supported by columns, which has a fiat ceiling, exceedingly convenient as an ambula- 
tory, and itself simple and well proportioned. The principal story is decorated with three- 
quarter columns of the Ionic order, well proportioned. From their volutes, festoons are 
pendent, and the key-stones of the windows are carved into cherubs’ heads, &c. This is 
the elevation towards Nevill’s Court ; that towards the garden has three Doric doors below, 
but above is without columns or pilasters in the upper stories. Without ornament, it 
is not the less gracefol and imposing. The interior, as a single room, is designed with great 
grandeur and propriety. 

488. We cannot further in detail continue an account of the works of this extra- 
ordinary architect, but shall now proceed to submit a list of his principal works, together 
with a catalogue of those of his principal churches whose estimates exceeded the cost of 
5000/. 
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Begun. 

Completed. 

Palace at Greenwich, for Charts II. 


- 1663 




Theatre at Oxford - 

- 


- 1668 

1669 


The Monument 

- 


- 1671 

1677 


Temple Bar 

- 

» 

- 1670 


1672 


St. Paul’s Cathedral 

- 

- 

- 1675 


1710 


Library at Trinity College, Cambridge 

- 

- 1679 




Campanile at Christ Church, Oxford 

- 

- 1681 

1682 


Ashmolean Library 

- 

- 

- 1682 




Palace at W'inchester 

- 

- 

- 1683 

Unfinished. 

College of Physicians 

- 

- 

- 1689 




College at Chelsea - 

- 

- 

- 1690 




Palace at Hampton Court - 

- 

- 

- 1690 


1694 


Towers of Westminster Abbey 

- 

- 

- 1696 




Greenwich Hospital 

- 

- 

- 1698 

1703 


Churches : — 










Time of erection. 

Cost 


Allhallows the Great 



- 1697 

5,64U 

9s. 

9d. 

Allhallows, Lombard Street 

. 

_ 

- 1694 

8,058 

15 

6 

St. Andrew Wardrobe 


- 

- 1692 

7,060 

16 

11 

St. Andrew, Holbom 

- 

- 

- 1687 

9,000 

0 

0 

St. Antholin 


. 

- 1682 

5,685 

5 

10 

St. Bride - . - 

- 

- 

- 1680 

11,4.30 

5 

11 

Christ Church, Newgate Street 

- 

- 

- 1687 

11,778 

9 

6 

St. Clement Dane’s 

- 


- 1680-82 

8,786 

17 

0 

St. Dionis Backchurch 



- 1674-84 

5,737 

10 

8 

St. Edmund the King 

- 

- 

- 1690 

5,207 

11 

0 

St. Lawrence Jewry 

- 

. 

- 1677 

11,870 

1 

9 

St. James, Garlick Hill 

. 

• 

- 1683 

3,357 

10 

8 

St. James, Westminster 

• 

. 

circa 1689 

8,500 

0 

0 

St. Michael Royal - 

- 


- 1694 

7,555 

7 

9 

St. Martin’s, Ludgate 

- 

. 

- 1684 

5,378 

9 

7 

St. Margaret, Lothbury 

- 

- 

- 1690 

5,340 

8 

1 

St. Mary, Somerset 

- 

. 

- 1695 

6,579 

18 

1 

St. Mary, Aldermanbury - 

. 


- 1677 

5,237 

3 

6 

St. Mary le Bow 

- 

- 

- 1673 

8,071 

18 

1 

The steeple 


- 

- 1680 

1,388 

8 

7 

St. Nicholas, Coleabbey 

- 

. 

- 1677 

5,042 

6 

11 

St. Olave Jewry 

- 


- 1673 

5480 

4 

10 

St. Peter, Cornhill - 

- 

- 

- 1681 

5,647 

8 

2 

St. Swithin% Cannon Street 

- 

- 

- 1679 

4,687 

4 

6 

St. Magnus, London Bridge 

- 

- 

- 1676 

9,579 

18 

10 


489. We must here close our account of Wren. Those of our readers who desire further 
information on the life and works of this truly great man will do well to consult the 
Parentalia, or Memoirs of the Family of the Ifrens, compiled by his son, and published by his 
grandson Stephen Wren. Fol. Lond. 1750. 

490. Among the architects of Wren’s time, there was a triad of amateurs who would 
have done honour to any nation as professors of the art. The first of these was Henry 
Aldrich, D.D., Dean of Christ Church, Oxford, who died in 1710. He was attached to the 
Venetian school, as we may see in the three sides of Peckwater quadrangle, and the garden 
front of Corpus Christi College, a facade which for correct taste is not surpassed by any 
edifice in Oxford. The second of these amateurs was Dr. Clarke, one of the Eords of the 
Admiralty in the reign of Queen Anne. This distinguished amateur sat for Oxford in 
fifteen sessions. The Library of Worcester College, to which he bequeathed his valuable 
architectural collection of books and MSS., was from his design. He built the library at 
Christ Church. The third was Sir James Burrough, Master of Caius College, Cambridge; 
by whom, in 1703, the chapel of Clare Hall in that University was beautifully designed 
and executed. 

491. We now approach the works of a man who, whatever some have thought of them, 
has a stronger claim on our notice as an inventor than any of his predecessors. It 
must be anticipated that we allude to Sir John Vanbrugh. Upon no other artist has 
Walpole delivered criticisms more unworthy of himself, nor is there any one of whose 
genius he had less capacity to appreciate the powers. Hie singular mind of Vanbrugh 
was distracted by control : his buildings are the result of a combination of forms and anti- 
cipation of effects, originating solely from himself ; effects which none before had seen nor 
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contemplated. As a wit, he was inferior to none that levelled its shafts at him, and hence 
his novel compositions in architecture became among the professed critics of the day so 
much the more an object of derision, as, in their puny notions, his only assailable point. 
Attacked from party feeling, the public allowed itself to be biassed by epigrams and smart 
verses from the pens of Pope and Swift ; and when the former, in his fourth epistle, in allu- 
sion to Vanbrugh’s works, exclaims, — 

“ Lo ! what huge heaps of littleness around. 

The whole a laboured quarry above ground," — 

he little thought he was leaving to posterity a record of his consummate ignorance of art, 
and of his total insensibility to grandeur, in all that relates to composition in architecture. 

492. The opinion of Sir Joshua Reynolds first enlightened the public upon the thitherto 
condemned works of this extraordinary architect. “ I pretend,” says Reynolds, in his fifth 
discourse, “ to no skill in architecture. I judge now of the art merely as a painter. When 
I speak of Vanbrugli, I speak of him merely on our art. To speak, then, of Vanbrugh 
in the language of a painter, he had originality of invention, he understood light and 
shadow, and had great skill in composition. To support his principal object, he produced 
his second and third groups of masses ; he perfectly understood in his art what is most dif- 
ficult in ours, the conduct of the backgrounds by which the design and invention is (are) 
set off to the greatest advantage. What the background is in painting is the real ground 
upon which the building is erected ; and as no architect took greater care that his work 
should not appear crude and hard, — that is, that it did not abruptly start out of the ground, 
without expectation or preparation, — this is the tribute which a painter owes to an 
architect who composes like a painter.” The testimony of Mr. Payne Knight, a person of 
a taste highly refined and cultivated, in his Principles of Taste^ is another eulogium on 
the works of this master. And again we have the concurrence therein of another able 
writer on these subjects, who, though frequently at variance in opinion with Mr, Knight, 
thus expresses himself in his Essay on the Picturesque^ vol. ii. p. 21 1. : “ Sir J. Reynolds 
is, I believe, tlie first who has done justice to the architecture of Vanbrugh, l^y showing it 
was not a mere fantastic style, without any other object than that of singularity, but that he 
worked on the principles of painting, and that he has produced the most painter-like effects. 
It is very probable that the ridicule thrown on Vanbrugh’s buildings, by some of the 
wittiest men of the age he lived in, may have in no slight degree prevented bis excellencies 
from being attended to ; for what has been the subject of ridicule will seldom become the 
object of study or imitation. It appears to roe, that at Blenheim, Vanbrugh conceived and 
executed a very bold and difficult design, that of uniting in one building the beauty and 
magnificence of the Grecian architecture, the picturesqueness of the Gothic, and the mas- 
sive grandeur of a castle ; and that, in spite of many faults, for which he was very justly 
reproached, he has formed, in a style truly his own, and a well-combined whole, a mansion 
worthy of a great prince and warrior. “ His first point appears to have been massiveness, 
as the foundation of grandeur ; then, to prevent the mass from being a lump, he has made 
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various bold projections of various heights, which seem ^ foregrounds to the main build- 
ing ; and, lastly, having been probably struck with a variety of outline against the sky in 
many Gothic and other ancient buildings, he has raised on the top of that part where the 
roof begins in any house of the Italian style, a number of decorations of various 
characters. These, if not new in themselves, have, at least, been applied and combined 
by him in a new and peculiar manner, and the union of them gives a surprising splendour 
and magnificence, as well as variety, to the summit of that princely edifice. Tlie study, 
therefore, not the imitation, might be extremely serviceable to artists of genius and dis- 

C0rniiicnt. ** > 

493. Vanbrugh’s principal work was Blenheim (whereof we give, in Jigs. 215. and 216., 
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Fig. ELEVATION OF BIBNUBIM. 

t}ie plan and principal elevation), a monument of the victories of Marlborough raised by a 
gmteful nation. Its length on the north front from one wing to the other is 348 ft. The 
internal dimensions of the library are 130 by 32 ft. The hall is perhaps small compared 
with the apartments to which it leads, being only 53 ft. by 44, and GO ft. high. 

494. Th^execution of his design for Castle Howard, in Yorkshire, was commenced in 
1 702, and, with the exception of the west wing, was completed by him. The design possesses 
much greater simplicity than that of Blenheim. There is a portico in the centre, and a 
cupola of considerable height and magnitude. The galleries, or wings, are flanked by 
pavilions. The living apartments are small ; but for the comfort and convenience of the 
house, as an habitation, many improvements have been made since the time of Vanbrugh 

495. At Eastbury, in Dorsetshire, he built a spacious mansion for Mr. Doddington . 

The front of it, with the offices, extended 370 ft. We regret to say that it was taken down 
by the first Earl Temple, about the middle of the last century. * 

49G. King’s Weston, near Bristol, erected for the Honourable Edward Southwell. A 
beautiful feature in the house is the grouping of the chimneys, in which practice no artist 
has surpassed, nor perhaps equalled, him. This house is not, however, a favourable spe- 
ciiQen of our architect’s powers. 

497. In the front which he executed to Grimsthorpe, in Lincolnshire, he indulged him- 
self in an imitation of Blenheim and Castle Howard. The hall here is of noble dimen- 
sions, being 110 ft. in length, and 40 ft. in height, surmounted by a cupola. 

498. Charles Howard, the third Earl of Carlisle, Deputy Earl Marshal in 1 703, appointed 
Vanbrugh, Clarenceux king of arms, over the heads of all the heralds, who remonstrated, 
without effect, against the appointment. The cause of such an extraordinary promotion is 
supposed to have had its origin in the Earl’s satisfection with the works at Castle Howard. 
It was, however, altogether unjustifiable, for Vanbrugh was, from all accounts, totally ig- 
norant of heraldry. He held the situations of surveyor of the works at Greenwich Hos- 
pital, comptroller general of the works, and surveyor of the gardens and waters. Though 
perhaps out of place in a history of architecture, we cannot resist the opportunity of men- 
tioning that our artist was a dramatist of genius. The Relapse, The Provoked Wife, The 
Confederacy, and iEsbp, according to \Valpole, will outlast his edifices. He died at 
Whitehall, March 26. 1726. Vanbrugh can hardly be said to have left a legitimate fol- 
lower ; he formed no school. Archer, indeed, attempted to follow him, and seems the only 
one of his time that could appreciate the merit of bis master. But he was too far behind 
him to justify our pausing in the history of the progress of British architecture to say more 
than that his best works are Heythrop, and a temple at Wrest. St. Philipte Church at 
Birmingham is also by him. “ A chef d’ccuvre of his absurdity,” says Dallaway, “was the 
church of St. John’s, W’estminster, with four belfries,” a building which has not inaptly been 
likened to an elephant on his back, with his four legs sprawling in the air. 
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GEOEGE 1. 

499. Though the example of Wren was highly beneficial to his art, he does not seem to 
have been anxious to propagate his doctrines by precepts, for he had but one pupil who 
deserves a lengthened notice. That pupil was Nicholas Hawksmoor, who, at the age of 
eighteen, became the disciple of Sir Christopher, “under whom,” says Walpole, “during 
life, and on his own account after his master’s death, he was concerned in erecting many 
public edifices. Had he erected no other than the church of St. Mary Woolnoth, Lom- 
bard Street, his name would have deserved with gratitude the remembrance of all lovers of 
the art. This church has recently (on the opening of King William Street) been unfor- 
tunately disfigured on its southern side by some incompetent bungler on whom the patron- 
age of the churchwarden lucklessly fell- Such is the fate of our public buildings in tiiis 
country. The skill displayed by Hawksmoor in the distribution and design of St. Mary 

Woolnoth is not more than 
rivalled by the best productions 
of his master and instructor. 
We here give, in Jigg. 217. and 
2 1 8. , a half section, elevation, and 
plan of it. It was commenced 
in 1716, and finished in 1719. 
Not until lately was it seen to 
advantage. Lombard Street, in 
which it still partly stands, was 
narrow, and its northern eleva- 
tion, the only one till lately pro- 
perly seen, required, from its as- 
pect, the boldest form of detail to 
give it expression, because of its 
being constantly in shade, and 
therefore experiencing no play 
of light except such as is re- 
fiected. This is composed with 
fig.tn. BAur BLBVAT105 HALT sscrtoN or ST. KABY WOOLNOTH. thrcc lurgc scmicircular rusti- 

cated niches, each standing on a 
lofty rusticated pedestal, relieved with blank recess^, which are repeated in the intervals 
below between the niches. The whole stands on a basement, whose openings, of course, 

correspond to those above. The 
niches in the recesses are de- 
corated with Doric columns 
on pedestals, and the top of 
the entablature of the order is 
level with the springing of each 
niche head running through on 
each side, so as to form an im- 
post. The front is crowned 
with a block cornice, continued 
«• * ' if' round the building, and the cen- 

F,g. 2 i 8 . Pi^or.T.MABTwooL.^oTB. of thc northern front 

is surmounted by a balustrade. We are not prepared to maintain that the whole of 
the details are in the purest taste ; but the masses are so extremely picturesque, and 
so adapted to the circumstances of the aspect and situation, that their faults are forgotten. 
Not so the interior, which needs no apology. It is a combination of proportions, 
whose beauty cannot be surpassed in any similar example. The plan is nearly a square, 
whose north-west and south-west angles are truncated at angles of forty-five degrees, 
for the introduction of stairs. The leading lines are an inscribed square whose sides 
are equal to two thirds of the internal width, the remaining sixth on each side being 
assigned to the intercolumniations between the columns and the pilasters on the in- 
ternal walls. The columns, twelve in number, are placed within the sides of the inscribed 
square, and at the angles are coupled at intervals of one diameter. The order is Corinthian ; 
the columns are fluted, and crowned by an enriched entablature one quarter of their height. 
The space thus enclosed by the columns continues in a clerestory above, pierced on the 
four sides by semicircular windows, whose diameters are equal to one of the wide interco- 
lumniations below. The height of this, including its entablature, is one half that of the 
lower order ; thus, with its pedestal, making the total height of the central part of the 
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church, equal to its extreme width. A sesquUlteral proportion is thus obtained in section 
as well as plan. Hie eastern end is recess^ square for an altar piece, and arched with a 
semicircular ceiling enriched with caissons. Hie galleries are admirably contrived, and in 
no way interfere with the general effect, nor destroy the elegance and simplicity of the 
design. Hie ceilings throughout are horizontal, and planned in compartments, whose 
parts are enriched- As regards construction, there is a very unnecessary expenditure of 
materials, the ratio of the superficies to the points of support being 1:0*263. Hawksmoor 
was not so happy in the church of St. George*s, Bloomsbury, in which he has really made 
King George I. the head of the church by placing him on the top of the steeple, which we 
must, with Walpole, term a master-stroke of absurdity. But many parts of the building 
are highly deserving the attention of the student ; and if the commissioners for new churches 
in these days had been content with fewer church^ constructed solidly, like this, instead of 
many of the pasteboard excrescences they have sanctioned, the country, instead of re- 
gretting they ever existed, which will at no very remote period be the case, would have 
owed them a deep debt of gratitude. Hie only gratification we have on this point is, that 
a century, and even less, will close the existence of a large portion of them. Hawksmoor 
was deputy surveyor of Chelsea College and clerk of the works at Greenwich, and in that 
post was continued by William, Anne, and George I., at Kensington, Whitehall, and St. 
James’s. Under the last named he was first surveyor of all the new churches and of West- 
minster Abbey, from the death of Sir Christopher Wren. He was the architect of the 
churches of Christ Church, Spitalfields, St George, Middlesex, and St. Anne, Limehouse ; 
rebuilt some part of All Souls, Oxford, particularly the new quadrangle completed in 1734, 
and was sole architect of the new quadrangle at Queen’s. At Blenheim and Castle 
Howard he was associated with Vanbrugh, and at the last-named place was employed on 
the mausoleum. Among his private works was Easton Neston, in Northamptonshire, and 
the restoration to perpendicularity, by means of some ingenious machinery, of the western 
front of Beverley Minster. He gave a design for the RadcUfte Library at Oxford, and of 
a stately front for Brazenose. His death occurred on the 25th of March, 1736, at the 
age of near seventy. 

500. Htose acquainted with the condition of the country will be prepared to expect that 
the arts were not much patronised by George I. Hie works executed during his reign 
were rather the result of the momentum that had been imparted previous to his accession 
than of his care for them ; and it is a con.solation that the examples left by Inigo Jones had 
an effect that has in this country never been entirely obliterated, though in the time of 
George III., such was the result of fashionable patronage and misguided taste, that the 
Adamses had nearly consummated a revolution. That reign, however, involved thb country 
in so many disasters that we are not surprised at such an episode. 

501. After the death of Hawksmoor, succeeded to public patronage the favourite architect 
of a period extending from 1720 to his death in 1754, whose name was James Gibbs, a 
native of Aberdeen, where he first drew breath in 1683. Hiough he had no claims to the rank 
of exalted genius, he ought not to have been the object of the flippant criticism of Walixile, 
whose qualifications and judgment were not of such an order as to make him more than a 
pleasant gossip. He certainly had not sufficient discernment properly to estimate the talents 
of Gibbs’s works. Every critic knows how easily phrases may be turned and antitheses 
pointed against an artist whom he is determined to set at nought ; of which we have before 
had an instance in the case of Sir John Vanbrugh ; and we shall not here fiirther dilate upon 
the practice. We will merely observe, that on the appearance of any work of art the majority 
of the contemporaiy artists are usually its best judges, and that in ninety-nine cases out of a 
hundred the public afterwards sanction their decision ; and we will add, in the words of old 
Hooker, that “ the most certaine token of evident goodnesse is, if the generall perswasion of 
all men doe so account it and again, “although wee know not the cause, yet this much 
wee may know, that ^me nece:»arie cause there is, whensoever the judgement of all men 
generally or for the most part runne one and the same way.” We do not, therefore, think 
it useful in respect of an artist of any considerable talent to repeat a criticism more in- 
jurious to the writer than to him of whom it was written. 

502. Hie church of St. Martin’s in the Fields is the most esteemed work of our archi- 
tect. It was finished in 1 726, as appears from the inscription on the frieze, at the cost of 
33,01 11, 9s. ^d. Hie length of it, including the portico, is twice its width, one third where- 
of, westward, is occupied by the portico and vestibule. Hie portico is hexastyle, of the 
Corinthian order, and surmounted by a pediment, in whose tympanum the royal arms are 
sculptured. Hie intercolumniations are of two diameters and a half and the projection 
the portico of two. Its sides are flanked by ante in their junction with the main building, 
one diameter and a half distant from the receiving pilaster. The north and south eleva- 
tions are in two stories, separated by a fascia, with rusticated windows^ in each. Between 
the windows the walls are decorated with pilasters of the same dimensions as the columns 
of the portico, four diameters apart ; but at the east ^d west ends these elevations 
are marked by insulated columns coupled with antae. JTie flanks are connected with the 
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prevailing lines in the portico by columns placed on the wall^ rece^d for the pur> 
poi»» and coupled with antae, whereby a play of light is produced, which imparts great 
effect to the other parts. The interior is divided into three unequal portions by a range 
on es«h side of four Corinthian columns, and two pilasters placed on pedestals, raised to 
the height of the pewing. From their insulated entablatures rises an elliptical celling, 
covering what may be called the nave. This ceiling is formed by arcs doubleaux, be- 
tween which the vault is tr^isversely pierced in the spaces above the intercolumniations 
by semicircular arches springing from the top of the entablature of each column. Over 
what may be called the aisles, from the entablatures of the columns, semi-circular arches 
are turned and received northward and southward on consoles attached to the walls, and 
by their junction with the longitudinal arches from column to column pendentives are 
evolved, and thereby are generated small flat domes over the galleries. The altar is 
recessed from the nave in a large niche formed by two quadrants of circles, whose radius 
is less than one fourth of the whole width of the niche. It is vaulted semi-elliptically. 
Galleries are introduced on the north, south, and west sides of the church. On the two 
former sides they extend from the walls to the columns, against which the continuity of 
their mouldings is broken. The interior is highly decorated, perhaps a little too theatri- 
cally for the sombre habits of this country ; but its effect is, on the whole, extremely light 
and beautiful. The tower and spire are, as in all the English churches of the Italian style, 
a sad blemish ; but the taste of the day compelled their use, .and we regret that the clergy 
still persist in considering them requisites. The length from the front upper step to the 
east wall (inclusive) is 159 ft. 6 in., and the breadth from north to south 79 ft. 4 in. The 
total area of the church is 12,669 ft., whereof the points of support occupy 2803 ft. The 
ratio, therctfore, of the former to the latter is a 1 : 0*220, from which we may infer that the 
ediflce exhibits no very extraordinary constructive skill. The span of the roof 696.), 
which is of the common king-post form, is 38 ft. Gibbs, unlike Wren, does not appear to 
have been guided in his leading proportions of this work by a series of ratios. ITie only 
point in which we perceive an approximation to such a system is in the length from the 
plinths of the columns of the portico, being just double the width of the church measured at 
the same leveL ITie portico is well designed, and hitherto has not been equalled in London. 

503. In the church of St. Mary le Strand, Gibbs was not so successful. There is no 
portion of its space on which the eye rests with pleasure. It is cut up into littlenesses, 
which, though not individually offensive, destroy all repose or notion of mass in the frbric. 
He built the new church at Derby, aud executed some works at King’s College, Cam. 
bridge, which last were not calculated to raise his reputation ; ■ but in the senate house of 
that university, he was more successful. In the Radcliffe Library at Oxford, his fame was 
maintained. It was completed in 1747, and thereon he was complimented with the degree 
of Master of Arts. Tins library is on the plan circular in general form, and rises in the 
centre of an oblong square, 370 ft. long, by 110 in width. Its cupola is 100 ft. in dia- 
meter, and 140 ft. high. It possesses no features of striking beauty, and yet is a most 
valuable Edition to the distant view of Oxford, from whatever point of view it is seen. 
The interior is pleasing, and the disposition good. The books are arranged in two circular 
galleries, round a large central area. A- description of this celebrated building was pub- 
lished with plans and sections, fol. 1747. Gibbs was the architect also of St. Bartholo- 
mew’s Hc^ital. In 1728, he published a large folio volume of designs, including several 
of his works. 
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504. Some works of considerable importance were erected during the reign of George I., 
by a countryman of the last-named architect, Colin Campbell, who is, however, more 
esteemed for three volumes he published of the principal buildings in England, under the 
name of the Vitruvius Britannicus. Of this work Lord Burlington was the original pro- 
jector and patron. Afterwards, in 1767 and 1771, it was continued in two volumes, under 
the superintendence of Wolfe and Gandon, two architects of considerable reputation. 
Campbell’s talents were not of a very high order, though INIereworth, in Kent, an imitation 
of the Villa Capra, built for Mildmay Earl of Westmorland, and Wansted House, in 
Essex, built in 1715, and pulled down in 1815, the latter especially, entitle him to be con- 
sidered an artist of merit. Foreigners, whilst this last was in existence, always preferred 
it to any other of the great mansions of the country. Gilpin says of it, “ Of all great 
houses, it best answers the united purposes of grandeur and convenience. The plan is 
simple and magnificent. Tlie front extends 260 ft. A ball and saloon occupy the body of 
the house, forming the centre of each front. From these run two sets of chambers. No- 
thing can exceed their convenience. They communicate in one grand suite, and yet each, 
by the addition of a back stair, becomes a separate apartment. It is difficult to say whe- 
ther we are better pleased with the grandeur and elegance without, or with the simplicity 
and contrivance within. Dimensions : Great ball, 51 ft. by 36 ; ball room, 75 by 27 ; 
saloon, 30ft. square.” As the building no longer exists, we give, in fgs. 219. and 220., a 
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ground plan and elevation of it. Campbell was surveyor of the works of Greenwich Hos- 
pital, and died in 1734. 

505. The church at Greenwich, and a very large mansion at Blackheath for Sir Gregory 
Page, in the latter whereof much is said to have been borrowed from Houghton, but which 
has many years since disappeared, were, about 1718, erected by John James, of whom very 
little more is known than these works, and, in London, the churches of St. George, Hanover 
Square, and St. Luke’s, Middlesex, the latter whereof has a fluted obelisk for a steeple. 
We ought, besides, to mention that he was employed by the Duke of Chandos, at Cannons, 
another building no longer in existence, and showing the frail tenure upon which an 
architect’s reputation and fame is held. At the latter place, however, it may be questioned 
whether the remark strictly applies, inasmuch as he is said to have therein set taste and 
expense equally at defiance. 


Sect. IX. 

GEORGE II. 

506. We do not altogether agree with Walpole in the observation that architecture 
resumed all her rights during this reign, though there is no doubt that the splendid (for the 
time) publications of Palladio, Jones, and examples of the antique recalled the taste of 
artists and their patrons the public. Men of genius were doubtless found to support the 
arts by their practice, and some high-minded patrons to encourage them in their labours. 
“ Before,” observes Walpole, “ the glorious close of a reign that carried our arms and 
victories beyond where Roman eagles ever flew, ardour for the arts had led our travellers 
to explore whatever beauties of Grecian or Eatin skill still subsisted in provinces once 
subjected to Rome, and the fine additions, in consequence of those researches, have esta- 
blished the throne of architecture in Britain while itself languishes in Rome.” 

507. Among the earliest of the architects of* this reign was Thomas Ripley, a nat'ue of 
Yorkshire, at whom Pope sneers in the lines — 
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“ Who builds a bridge that never drove a pile ? 

Should Ripley venture, all the world would smile.*’ 

Imit. Horace, Ep. ii. S. 186. 

Ripley, it must be confessed, failed at the Admiralty, which was afterwards veiled by Mr. 
Adam’s beautiful skreen since cruelly “ cheated of its fair proportions” by the late architect 
to that Board, in order to make two coach entrances, which might, with the exercise of a 
little ingenuity, have been managed without defacing the design. It is difficult, now, to 
decide the exact share that Ripley had in the house for Lord Orford, at Houghton, for 
which Campbell appears to have furnished the original design. Walpolff, whom we -may 
presume to have known something about the matter, says they were much improved by 
Ripley. He published them in two volumes, folio, 1755 — 60. It is to be regretted that 
scarcely a single line of Pope, in matters of taste relative to the artists of his day, is of the 
smallest worth, so much did party and politics direct the shafts of the poet’s malice. The 
plain truth is, that Ripley was the rival of Kent, the favourite of Lord Burlington, whose 
patronage it was absolutely necessary to enjoy before he could ensure the smiles of Pope. 
Ripley was comptroller of the Board of Works, and died in 1758. 

508. Henry Herbert, Earl of Pembroke, an amateur of this reign, cannot pass, unnoticed 
in the History of its Architecture. He much improved Wilton, where he built the Pal- 
ladian Bridge ; and it is highly honourable to his memory that, owing to his exertions, the 
qualifications of Labelye for building Westminster Bridge were Acknowledged in opposition 
to Hawksmoor and Batty Langley, the latter of whom was an ignorant pretender. Of 
this bridge Earl Henry laid the first stone in 17S9, and the last in 1747. His works, 
besides those at Wilton, were, the new lodge in Richmond Park, the Countess of Suffolk’s 
house at Marble Hill, Twickenham, and the Water House at Lord Orford’s Park at 
Houghton. He died in 1751. 

509. Before advancing our history another step, we have to notice another noble> 
man, whom to enrol among the number of her artists is an honour to England ; and in 
speaking of Richard Boyle, the third Earl of Burlington and fourth Earl of Ossory, 
we so entirely agree in Walpole’s eulogy of him, that we shall not apologise for tran- 
scribing it from that author’s pages : — “ Never was protection and great wealth more 
generously and judiciously diffused than by this great person, who had every quality of a 
genius and an artist, except envy. Tfiough his own designs were more chaste and classic 
than Kent’s, he entertained him in his house till his death, and was more studious to extend 
his friend’s fame than his own.” Again, he continues, “ Nor was his munificence confined 
to himself and his own houses and gardens. He spent great sums in contributing to 
public works, and was known to chuse that the expense should fall on himself, rather than 
that his country should be deprived of some beautiful edifices. His enthusiasm for the 
works of Inigo Jones was so active that he repaired the church of Covent Garden, because 
it wa.s the production of that great master, and purchased a gateway at Beaufort Gardens, 
in Chelsea, and transported the identical stones to Chiswick with religious attachment. 
With the same zeal for pure architecture, he assisted Kent in publishing the designs for 
Whitehall, and gave a beautiful edition of the ‘ Antique Baths, from the Drawings of 
Palladio,’ whose papers he procured with great cost. Besides his works on his own estate, 
at liomborough, in Yorkshire, he new-fronted his house in Piccadilly, built by his father, 
and added the great colonnade within the court.” This liberal-minded nobleman gave the 
credit of this design to Kent, though, as Kent did not return from Italy before 1729, it is 
certmn that architect could have little to do with it. His villa at Chiswick, now that 
of the Duke of Devonshire, was an original design, and not, as is generally supposed, an 
imitation of Palladio’s Villa Capra at Vicenza. It was, however, too much in the Italian 
taste to be suitable to an English climate or to English comforts ; hence its great external 
beauty extracted from Lord Chesterfield the well-known verses — 

“ Possessed of one great house of state, 

Without one room to sleep or eat. 

How well you build let flatt’iy tell. 

And all mankind how ill you dwell.” 

Lord Hervey also sported his little wit upon this little bijou, which its subsequent 
additions have not much improved, saying " that it was too small to inhabit, and too large 
to hang one’s watch in. ” 

510. The dormitory of Westminster School and the Assembly Room at York are beauti- 
ful examples of the great powers of Lord Burlington ; but the house for Lord Harrington 
at Petersham, the Duke of Richmond’s at MTiitehall (pulled down), and General Wade’s 
house in Great Burlington Street were not well planned, the latter especially, on which it 
was said by Lord Chesterfield, on account of its beautiful front, that “ as the general could 
not live in it to his ease, he had better take a house over against it, and look at it.” The 
Earl of Burlington was bom in 1695, and died in 1753. 

51 1. William Kent, a native of Yorkshire, where he was born in 1685, if he did not ad- 
vance the art, was at least far from retarding or checking any progress it seemed likely 
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to m^e. Kent was a painter as well as an architect, though as the former very inferior to 
the latter ; and to these accomplishments must be added those of a gardener, for he was the 
&ther of modem picturesque gardening. Kent’s greatest, and, out of many, also his best work, 
was Holkham, in Norfolk, for the Earl of Leicester, the plan and elevations whereof were 
published in folio, 1761, by the late Mr. Brettingham, who had the unparalleled assurance 
to send them to the world as his own. The noble hall of this building, terminated by a vast 
flight of steps, produces an effect unequalled by anything similar to it in England. During, 
and, indeed, previous to, Kent’s coming so much into employment, a great passion seems 
to have existed with the architects for ilUshaped, and, perhaps, almost grotesque, urns and 
globes, on every part where there was a resting-place for them. Kent not unfrequently 
disfigured his works in this way, but more especially so at the beginning of his career. 
The pile of building in Margaret Street, which will shortly have to make way for part of 
the new parliament houses, now, however, containing the law courts, a house at Esher for 
Mr. Pelham, the Horse Guards, and other buildings, which it is needless here to particu- 
larise, were erected under the designs of Kent, upon whom unbounded liberality and 
patronage were bestowed by Lord Burlington during the life of this artist, which terminated 
in 1748. 

512. About 1733 appeared, we believe, the last of the stone churches with steeples, 
which the practice of Wren had made common in this country ; this was the church of 
St. Giles’s in the Fields, erected by Henry Flitcroft. The interior is decorated with Ionic 
columns resting on stone piers. The exterior has a rusticated basement, the windows 
of the galleries have semicircular heads, and the whole is surmounted by a modillion 
comice. The steeple is 165 feet high, consisting of a square tower, the upper part deco- 
rated with Doric pilasters ; above, it is formed into an octagon on the plan, the sides being 
ornamented with three quarter Ionic columns supporting a balustrade and vases. Above 
this rises an octangular spire. Besides this, Flitcroft erected the church of St. Olave, 
Southwark, and the almost entire rebuilding of Woburn Abbey was from the designs and 
superintendence of that master, who died in 1 769. 

513. During the reign under our consideration, the city of Bath may be said to have 
almost arisen from the designs of Wood, who built Prior Park for Mr. Alien, the friend of 
Pope, and Buckland was erected by him for Sir Jolin Throckmorton. Wood died in 1754, 
To him and to his scholars Bath is indebted for the designs of Queen Square, the Parades, 
the Circus, the Crescent, the New Assembly Room, &c. The buildings of this city possess 
various degrees of merit, but nothing so extraordinary as to call for more than the mere 
notice of them. We are by no means, for instance, disposed to agree with Mitford, who 
reckons the crescent of Bath among ** the finest modem buildings at this day existing in 
the world ! ” 


Sect, X. 

GEORGS UI. 

514. Though the works of the architects about to follow, belong partially to the 
preceding reign, they are only properly to be noticed under that of George III. W^ithout 
a lengthened account of them, we commence with the mention of the name of Carr of York, 
who was much employed in the northern counties, where he built several noble residences, 
particularly that for Mr. Lascelles, afterwards Lord Harewood, and a mausoleum in York- 
shire for the late Marquis of Rockingham. Paine was engaged at Worksop Manor, War- 
dour Castle, and Thoradon ; and Hiorne, whose county sessions-house and prison at 
Warwick exhibit considerable genius, was a promising artist, prematurely cut off. His 
talent was not confined to the Italian style, as may be learnt from reference to the church 
at Tetbury in Gloucestershire, and a triangular tower in the Duke of Norfolk’s park at 
Arundel. 

515. At a early part of the reign of George III., architecture was cultivated and prac- 
tised here with great success by Robert Taylor, afterwards knighted. His best compositions 
were designed with a breadth and intimate knowledge of the art, that prove him to have 
been abundantly acquainted with its principles. Hiat he was not always successful, the 
wings of the Bank, now removed, were a proof. Of his works sufficient would remain to 
corroborate our opinion, if only what is now the Pelican Office in l«ombard Street existed. 
We believe it was originally built for Sir Charles Asgill, and mined by the directors of the 
Pelican when they took to the place. There are, however, also to attest the ability of Sir 
Robert Taylor, Sir Charles Asti’s villa at Richmond, and his own house in Spring Gardens. 
After his visit to Italy he commenced his practice in sculpture, in which branch of the arts 
he has left monuments in Westminster Abbey and elsewhere; but he afterwards devoted 
himself to architecture alone. Among his works were a dwelling house for Sir P. Taylor, 
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Portsdown Hill, a house in Piccadilly for the Duke of Grafton, a mansion in Herts for 
l 4 »d Howe j Stone Buildings, Lincoln’s Inn ; Ely Hoitee, Do^er Street, a very clever 
composition ; Sir John Boyd’s at Danson, near Shooter’s Hill ; the beautiful bridge at 
Heidey on Tliames, and Lord Grimstone’s at Gorhambury. He had for some time a seat 
at the Board of Works, was surveyor to the Admiralty, the Bank, and other public bodies. 
His reputation was unbounded, and met with reward from the public- Sir Robert Taylor 
died in 1788 at the age of seventy- four. 

516. Cotemporary with the last-named artist, was one to whom the nation is indebted for 
lirst4>ringing it to an intimate acquaintance with the works of Greece, to which he first led 
the way. The reader wLU, of course, anticipate us in the name of James Stuart, who began 
his career as a painter. After some time passed in Greece, he, in conjunction with Nicholas 
Revett, about the year 1762, published the well-known Antiquities of Athens, from which 
he acquired the soubriquet of Athenian. The public taste was purified by a corrected 
knowledge of the buildings of Greece, especially in respect of the form, composition, and 
arrangement of ornament ; but we doubt whether mischief was not for a time induced by 
it, from the absurd attempt, afterwards, to adapt, without discrimination, the pure Greek 
porticoes of the temples of Greece to public and private buildings in this country, often 
with buildings with which they have no more natural relation than the interior arrange- 
ment of a church has with that of a theatre- The architects of our own time seem, however, 
at last to be aware of the impossibility of applying with success the forms of Grecian temples 
to KngUsh habitations ; and a better system has been returned to, that of applying to every 
object a character suitable to the purposes of its destination. We consider Stuart’s best 
work the house, in St. James’s Square, which he built for Lord Anson. Among other 
works, he executed Belvedere, in Kent, for Lord Eardley ; a house for Mrs. Montague, in 
Portman Square ; the chapel and infirmary of Greenwich Hospital ; and some parts of the 
interior of Lord Spencer’s house, in St. James’s Place. Stuart died in 1788, at the age of 
seventy-five. His coUahorateur, Revett, shared with him a portion of the patronage of the 
public. He survived him till 1804, when he died at the advanced age of eighty-two years. 
He was employed on the eastern and western porticoes of Lord De Spencer’s house at 
AYest Wycombe, and on some temples. For Sir Lionel Hyde he built the church of Ayot 
St Lawrence, Herts, the front wheretd is a Doric portico crowned with a low Grecian 
pediment, and on each side an Ionic oolonnade connects the centre with an elegant 
cenotaph. He also built a portico to the eastern front of Standlincb, in Wiltshire, for 
Mr. Dawkins. 

517- The chasteness and purity which the two last-named architects bad, with some 
success, endeavoured to introduce into the buildings of England, and in which their zeal 
had enlisted many artists, had to contend against the opposite and vicious taste of Robert 
Adam, a fashionable architect, whose eye had been ruined by the corruptions of the 
worst period of Roman art. It can be scarcely believed, the ornaments of Diocletian’s 
palace at Spalatro should have loaded our dwellings contemporaneously with the use among 
the more refined fow of the exquisite exemplars of Greece, and even of Rome, in its better 
days. Yet such is the fact ; the depraved compositions of Adam were not only tolerated, 
but had their admirers It is not to be supposed that the works of a man who was content 
to draw his supplies from so vitiated a source will here require a lengthened notice. Yet had 
he his happy moments ; and that we may do him strict justice, we not only mention, but 



present to the reader, hnfigs. 221. and 222., the ground plan and elevation of Kedlestone, in 
Derbyshire, which he erected for Lord Scar^ale. Tlie detail of this is, indeed, not 
exactly what it ought to have been ; but the whole is magnificently conceived, and worthy 
of any master. Adam died at the age of ninety-four, in 1792 ; and, besides the Adelphi, 
in the Strand, which he erected on speculation, he was engaged at Luton Park, in Bedford- 
shire, for the Earl of Bute ; at Caenwood, near Hampstead, for Lord Mansfield ; at Shel- 
burne Hoiise, in Berkeley ^uare, now Lord Lansdowne’s, well planned, but ill designed, 
a meagre affair ; the disgraceful gateway at Sion, near Brentford ; and on part of the 
Register Office at Edinburgh. None, however, would now do credit to a mere tyro in the 
art except the first named. 
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518. Previous to the accession of George III. it had been considered by his tutors 
necessary to complete his education by the study requisite to give him some acquaintance 
with the art. We venerate the memory of that monarch as an honest good man, but are 
compelled to say that the experiment of inoculating him with a taste for it was unsuccess- 
ful, for during his reign all the bizareries introduced by Adam received no check, and 
seeing that Adam and Bute were both from the north, we are rather surprised that his 
education was not in this respect committed to the former instead of Sir William Chambers, 
whom, as one of the first architects of the day, it is incumbent upon us now to introduce. 
We believe that whatever was done to forward the arts, owes a large portion of its effect 
to that celebrated man ; and it is probable, with the worthy motives that actuated the 
monarch, and the direction of his taste by that individual, much more would have been 
accomplished, but for the heavy and disastrous wars which occurred during his reign, and 
the load of debt with which it became burthened. llie works of Chambers are found in 
almost every part of England, and even extended to Ireland; but we intend here chiefly to 
restrict ourselves to a short account of Somerset House, his largest work, in which, though 
there be many faults, so well did he understand his art, that it is a matter of no ordinary 
difficulty, and indeed requires hypercriticism, to find anything offensive to good taste in the 
detail. 

51 9. This work was commenced in 1 776, and stands on an area of 500 ft. in depth, and 
800 ft. in width. The general interior distribution consists of a quadrangular court, 
343 ft. in length, and 210 ft. in width, with a street or wide way running from north to 
south, on its eastern and western sides. The general termination towards the river is a 
terrace, 50 ft. wide, whose level is 50 ft. above that of the river, and this occupies the whole 
length of the facade in that direction. The front towards the Strand is only 1 35 ft. long. 
It is composed with a rustic basement, supporting ten Corinthian columns on pedestals, 
crowned by an attic, extending over the three central intercoluraniations, flanked by a 
balustrade on each side. The order embraces two stories. Kine large arches are assigned 
to the basement, whereof the three central ones are open for the purpose of affording an 
entrance to the great court. On each side of them, these arches are occupied by win- 
dows of the Doric order, decorated with pilasters, entablatures, and pediments. The key 
stones are carved in alto-relievo, with nine colossal masks, representing the ocean, and the 
eight principal rivers of Great Britain. The three open arches of entrance before men- 
tioned lead to a vestibule, which connects the Strand with the large quadrangular court, 
and ^rves also as the access to those parts of the building, till lately occupied by the Royal 
Academy, and on the opposite or eastern side to the Royal Society and the Society of 
Antiquaries, the entrances whereto are within the vestibule. This is decorated with 
columns of the Doric order, whose entablature supports a vaulted ceiling. The front of 
this pile of building towards the quadrangle, is 200 ft. in extent, being much more than 
the length of that towards the Strand ; the style, however, of its decoration is correspondent 
with it, the principal variation being in the use of pilasters instead of columns, and in the 
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doors and windows. The front next the Thames is ornamented in a simiJar manner to 
that already described- It was originally intended that the extent of the terrace should 
have been 1100 ft. This last is supported by a lofty arcade, decorated towsu'ds the ends 
with coupled Tuscan columns, whose comice is continued along the whole terrace. The 
edihce was at the time the subject of much severe criticism, and particularly from the pen 
of a silly engraver of the name of Williams, under the name of Antony Pasquin ; but 
the censures he passed on it, the author being as innocent of the slightest knowledge of 
the art as most of the writing architectural critics of the present day, were without founda- 
tion, and have long since been forgotten. 

520. In the year 1759, Sir W. Chambers published a Treatise on the decorative part of 
civil architecture, whereof it was the lot of the writer to publish an enlarged edition in 
1825. This work, as far as it goes, still continues to be a sort of text-book for the student ; 
but as it is merely what its title imports, without touching on the historical or practical 
parts of the art, it is so far incomplete. Chambers held the office of surveyor general, 
and died in 1796- 

521. Among the architects of George III.’s reign, we must not forget Robert Mylne, 
the architect of Blackfriar’s Bridge, constructed between 1760 and 1768 ; Holland, who 
erected Carlton House for George IV. when Prince of Wales, and Drury Lane Ibeatre, 
neither of which buildings now exists ; Dance, the architect of Newgate, St. Luke’s Hos- 
pital, and many buildings about the city of London, to whose corporation he was architect ; 
and, lastly, W^ey Reveley, a pupil of Chambers, who followed the steps of Stuart and 
visited Athens and the Levant. He was the editor of the third voliMie of the Antiquities 
of Athens, and died prematurely in 1799. He built the new church at Southampton, and 
offered some beautiful designs for the new baths at Bath, which, however, were not adopted. 
We have now concluded a general view of the history of the art, from its dawn in this 
country to the end of the reign of George III. ; having enumerated the professors of later 
days most worthy to be recorded- Further wc should not be able to pursue our inquiry 
without coming so into contact with our cotemporaries and their connections, that our 
office, if not dangerous and fearful, might be unpleasant, and we must here close. We re- 
gret we cannot think our national architecture advances in the same ratio that the facilities 
of study in the present day would indicate. This is not to be imputed so much to the 
professors of the art as to the way in which it is treated by Government and the public ; 
witness the National Gallery, made a job by a minister for an incompetent artist. “ It is 
a national, a social misfortuae,” says the late James Spiller, “ that to the scientific study of 
this noble art, there is no reasonable, much less liberal encouragement. It is degraded and 
crushed under the most despicable spirit of calculation and parsimony !” If ever a death- 
blow was aimed at the art, that was done by the commissioners for building the recent new 
churches. What artist could hope to become celebrated under their pinching ordinances, 
competitions, and contracts, with their accompanying legal din and “ smithery ? ” Far dif- 
ferent was the conduct of those commissioners to whom Queen Anne entrusted the building 
of her churches, or their existence would have been matter only of history, a category that 
we are certain will apply, at the end of a century, to many of those of the present day. 
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Sect. I. 

INTRODUCTION. 

522. The abstract relations of quantity and figure ought to be thoroughly understood by 
the architect, that he may be able to prepare the designs which he has conceived, in a 
manner suitable for execution, and, when executed, to possess stability. The form and 
mechanical effect of each single block in a building depends on its position, and the form of 
one of its parts limits the forms of others. In groups of bodies, these limitations are still 
more perplexing ; hence we must have recourse to the most easy and accurate means of 
ascertaining the practicable conditions which will produce the desired effect. To this end 
we propose to give a short and simple course of the elements of arithmetic and analysis, as 
our own experience informs us that occasions arise in the practice of architecture which 
require all the aid that science can afford. 'I'hose who have studied most closely, know 
that they have not acquired too much ; whilst those who have not studied at all have to 
depend on the skill of others, and, like all similar dependents, become more or less the 
dupes of those they employ. 

523. That which is capable of increase or diminution is called magnitude or quantity. 
Hence the different kinds of magnitude must be many. Mathematics, generally speaking, 
is the science of quantity, or that which investigates the means of measuring quantity. Now 
we cannot measure or determine any quantity except by pointing out its relation to some 
other known quantity, so that the determination or the measure of magnitudes of all kinds 
is the ma king any one known magnitude of the same species the measure or unit for deter- 
mining the proportion of the proposed magnitude to this known measure. This propor- 
tion being always expressed by numbers, a number is but the proportion of one magnitude 
to another, arbitrarily assumed as the unit. Hence all magnitudes may be expressed by 
numbers, and the foundation of all mathematical science must be laid in a study of the 
sconce of numbers, and in an examination of the different methods of calculation involved 
in it. In Algebra, or analysis numbers, which represent quantities, are alone coiLsidered, 
without respect to the different kinds of quantity. The latter - are the subject of other 
branches of mathematics. Arithmetic is the science of numbers properly so caUed, extending 
only to certain methods of calculation which occur in common practice. Algebra com- 
prehends all the cases that can exist in the calculation of numbers. 

SIGNS + AND — . 

524. (1.) When one number is to be added to another, the sign + {plus) is used, and is 
placed before the second number. Thus, 5 + 3 denotes that 3 is to be added to the number 
5, the sum whereof every body knows to be 8. The same sign may be used to coimect 
several numbers, thus 7 + 9 + 12 + 81 signifies that to the number 7 we must add 9, 12, 
and 81, which make 109. All this is evident, but in Algebra, in order to generalise 
numbers, they are represented by letters as a, b, e, d, &c. ; thus a + ft + c + d signifies the 
sum of the numbers represented by those letters. 

525. (2.) To subtract one number from another the sign — {minus) is used, which is 
placed before the number to be subtracted; thus 10—6 si^ifies that the number 6 is to be 
taken fitim the number 10, so that the expression is equivalent to the number 4. So of 
sever^ numbers; as, for instance, 62— 6— 15— 31 signifies that 6 is to be take from 62, 

Q 2 
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the remainder is 56 ; 15 taken from that remainder leaves 41 ; lastly, take from this 31, and 
the remainder is 10, which is the value of the expression. We might, however, have taken 
the sum of the numbers 6, 15, and 31 or 52 at once from 62, and the remainder is 10, as 
before. 

526. It is easy, therefore, to determine the value of expressions in which both the signs 
+ plus and— minus are found ; for example, 16 — 4 — 7+ 3 — 1 is the same as 7. For we 
have only to collect the numbers with the sign + before them, and subtract from their sum 
those that have the sign — . Thus, the sum of 1 6 and 3 is 1 9 ; that of 4, 7, and 1 is 1 2 ; 
and 12 being taken from 19 the remainder is 7. It must be remembered that in the ex- 
pression the sign + is supposed to stand before the number 1 6 ; and that the above expres- 
sion might have been arranged thus : 16+3 — 4 — 7 — 1, or 3 — 1—4 — 7 + 16, or 3 + 16 — 1 

— 7—4. Ifr instead of numbers, we use letters, no more difficulty occurs ; for example — 

a — 6 — c + d — e 

signifies that certain numbers are expressed by a and </, and that from them or their sum 
the numbers expressed by the letters 6, c, and e, having the sign — before them, are to be 
subtracted. Hence attention is necessary to the sign prefixed to each number, for in 
algebra simple quantities are numbers considered with respect to the signs which affect 
them. Those quantities before which the sign + is found are called positive quantities, 
and th<^ affected by the sign — are called negative quantities. To illustrate this, let us 
suppose a man having 1000/., but owing 400/., it is evident his real wealth is only 1000/. — 
400i, 600/. Thus, negative numbers may be considered as debts, because positive numbers 
represent real possessions, and we may, indeed, say that negative numbers are less than 
nothing. For, take a man having nothing, and at the same time owing 100 pounds, it is 
clear he has 100 pounds less than nothing; for, if he had a present of 100 pounds made 
him to pay his debts, though he would be richer than before, he would still be at the point 
nothing. So, therefore, as positive numbei^ are clearly greater than nothing, negative 
numbers are less than nothing. Now, positive numbers are obtained by adding 1 to 0, that 
is, to nothing, and by thus increasing them from unity. This is the origin of the series 
called natural numbers, of which the following are the leading terms of the series : 
0 + 1 + 2 + 3 + 4 + 5 + 6 + 7 + 8 + 9 + 10, and so on to infinity. But i^ instead of adding, 
we perpetually subtract unity, we have a series of negative numbers, thus : O — 1— 2 — 3— 4 

— 5 — 6 — 7— 8— 9 — 10, &c. to infinity. These numbers, whether positive or negative, are 
called whole numbers or integers, either greater or less than nothing. They are so c^led 
to distinguish them from fractions and other kinds of numbers, which will be hereafter 
noticed. Thus, between 2 greater by a unit than 1, it is easy to conceive an infinity of 
numbers greater than 1, yet all less than 2 ; for imagine a line of 2 ft. long and another 1, 
it is evident that an infinite number of lines may be drawn, all longer than 1 ft., but not so 
long as 2 ft. That a precise idea may be formed of negative quantities, the reader must 
keep in mind that all such expressions as +1—1, +2 — 2, +3 — 3, &c. are equal to 0, 
and that +2 — 5 is equal to —3. For, if a person has 2 pounds and owes 5, he h^ not 
only nothing, but still owes 3 pounds ; and the same observation holds true with respect 
to letters, which represent numbers, thus +a — a is 0. But, if the value of +a— /» is 
wanted, two cases are to be considered : first, if a is greater than h it must be subtracted 
from a, and the remainder, with the sign + placed or understood before it, is the value 
sought ; secondly, if a is less than h, a is to be subtracted from h, and the remainder must 
have the negative sign placed before it. 

MULTIPLICATION OP STOPLZ QUANTITIES. 

527. (3. ) In the multiplication of simple quantities, where two or more equal quantities 

are added together, the expression of their sum may be abridged thus ; 

a + a is the same as 2 >c a, 

a + a+ a Sxa, 

a + a+ a+ a. . , . 4 x a, and so on ; 

where x is the sign of multiplication. 

Thus we obtain an idea of multiplication ; for in the above, it must be observed that 
2x0 signifies 2 times o, 3 x a signifies three times a, 4 x a four times a. But this form 
is abbreviated by simply putting the number before the letter ; thus, a multiplied by 3 is 
expressed 3a : b multiplied by 5 is 5& : c taken but once, or Ic, is no more than c. Hence 
the multiplication of such prc^ucts by other numbers is simple enough, for 

2 times 3o is equal to 6a 


3 times 4b 125 

7 times 7a: 49x 


and these products may be further multiplied at pleasure. 
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528. Suppose both the numbers be represented by letters, we have only to place one 
before the other, and the process is complete ; thus a multiplied by 6 is cfe ; and if again we 
multiply this product by pq, the result is ah}}q. Tlie order of the letters is no consequence ; 
for suppose a to represent 5, and 6 6, then to or ab equally represent 6x5 and 5x6, which 
give the same product. But in the use of common numbers this cannot be done ; for were 
we to write 34 for 3 times 4, we should have 34 instead of 1 2. If the sign x is omitted, it 
is usual to place a point between the figures ; thus, 1 . 2 . 3 . 4 . 5 is 1 20, asisl x2x3x 
4x5. Hence, if we meet with the expression 2.3.4 xyz, it means that 2 is to be mu]~ 
tiplied by 3, and the product by 4 ; and that product first by x, then by y, and lastly by z, 
hence this may be abridged into 24 ayz. 

529. The result arising from the multiplication of two numbers is called a product, and 
the numbers or letters are caWed. factors. 

530. In the case of positive numbers being multiplied into each other, no doubt can 

remain of the products being positive, for + a x + 6 must necessarily give ab. But the 

multiplication of +a by —6, or of —a by —b, requires examination. Suppose —a multi- 
plied by 3; now, as —a may be taken as a debt, if multiplied by 3 it is three times 
greater ; hence the product must be — 3a. And if that be multiplied by + h, it is evident 
the debt is stUl increased by the action of b upon it; it becomes —ba, or, which is the same 
thing, —ab. On this account it is evident that if a positive be multiplied by a negative 
quantity, the product becomes worse, or, if the expression might be allowed, more negative. 
From this follows the rule, that 4* by + is always and that + by — , on the contrary, 
gives a quantity. But the case in which — is multiplied by minus, that of —a by —b, 

requires consideration. There can be no doubt that the product is ab ; the sign, however, 

to be prefixed to it is at first sight not so clear. Now we have seen that it cannot be — , 
for —a multiplied by + 6 gives —ab, and —a by —6, cannot produce the same result as 
—a by +5; hence it must produce a contrary result, that is +ab, and hence results the 
following rule: — multiplied by — produces + just in the same manner as + by +. 
This is more briefly expressed in the following terms. Like siyns multiplied together give + , 
unlike or contrary signs give — , whereof take as an example the multiplication of the follow- 
ing numbers, + a, — 6, —c, +d. First + a multiplied by —5 makes —ah, this by c gives 
+ abc, and this last by + d gives + abed. 

531. It remains only to show how to multiply numbers that are themselves products. 
Now, to multiply the number ab by the number cd, it is manifest, from what has been said, 
that the product is abed, and that it is obtained by first multiplying ab by c, and the product 
by d. Or, if we had to multiply 36 by 1 2, 1 2 being equal to 3 times 4, we should first 
multiply 36 by 3, and the product 108 by 4, in order to have the whole product of the 
multiplication of 12 by 36, or 432. But, if we have to multiply 5ah by 3a:y, we may write 
Sxy X 5ah ; but, as the order of the numbers is indiflerent, it is better, and is the custom, 
to place the common numbers before the letters, and to express the product thus : 5 x Sahxy, 
or loabxy ; 5 times 3 being 15, so 6ahc by Ixy gives 42a5cxy. 


WHOLE NUMBERS IN RESPECT TO THEIR FACTORS. 

532. A product, as we have seen, is generated by the multiplication of two or more 
numbers. These are called factors. Thus, abed are the factors of the product abed. 
All whole numbers cannot result from such a multiplication ; those which are in that pre- 
dicament have not any factors. Thus, 4 is produced by 2 x 2, 6 by 2 x 3, 8 by 2 x 2 x 2, 
27 by 3 X 3 X 3, &c. But the numbers 2, 3, 5, 7, 11, 13, 17, &c. cannot be represented by 
factors, unless, for the purpose, we make use of unity, and represent, for instance, 2 by 1 x 2. 
Now, as numbers which are multiplied by 1 remain the same, unity cannot be reckoned as 
a factor. Hence, all numbers, such as 2, 3, 5, 7, &c., which cannot be represented by fac- 
tors, are called simple, or prime numbers, whereas others, as 4, 6, 8, 9, 10, 12, 14, 15, 16, 1 8, 
&c., which can be represented by factors, are called compound numbers : simple or prime num- 
bers consequently deserve particular attention, inasmuch as they do not result from the 
multiplication of two or more niunbers ; and it is worthy of observation, that in writing 
these numbers in succession as they follow each other, thus, 2, 3, 5, 7, 11, 13, 17, 19. 23, 
29, 31, 37, 41, 43, 47, &c., no regular order is perceptible, their increments being sometimes 
greater, sometimes less, and, as yet, no law which they follow has been discovered. 

533. All compound numbers which may be represented bj' factors have prime numbers for 
their factors ; for if a factor is found which is not a prime number, it may be decomposed 
and represented by two or more prime numbers. Thus, if we represent the number 30 by 
5 X 6, 6, not being a prime number, might have been represented by 2 x 3, that is 5 x 2 x 3, 
in which the numbers are all prime ; numbers equally represent 30. 

There is much difference between compound numbers, which may be resolved into prime 
numbers ; some have only two fectors, others three, and others still more. Thus we have 
^en that 
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4 is the same as .... 2 x 2 


8 2x2x2 

10 2x5 

14 2x7 

16 2x2x2x2 


6 is the same as . . 2x3 

9 3x3 

12 2x3x2 

15 3x5 

and so on. 


The analysis, therefore, of any number, or the resolution of it into simple factors, is easily 
accomplished Take, for instance, the number 360. First, it may be represented by 
2 X 180. Then 180 is equal to 2 x 90, and 


90 "I r 2 X 45 

45 > is the same as < 3 x 1 5 
15j 1^3x5 


So that the number 360 may be represented by these simple factors, 2x2x2x3x3x5, 
since these numbers multiplied together produce 360. I^is shows that prime numbers 
cannot be divided by other numbers, and that the simple factors of compound numbers are 
most conveniently found by seeking the prime numbers, by which compound numbers are 
divisible. 


DIVISION OF SIMPLE QUANTITIES. 

534. The separation of a number into two or more equal parts is called division, which 
enables us to determine the magnitude of one of those parts. For instance, suppose we 
wish to separate 12 into three equal parts, we find, by division, that each of those parts is 
equal to 4. The number to be divided is called the dividend, the number of equal parts 
into which it is to be separated is called the divisor, and the magnitude of one of the 
parts determined by the division is the quotient : thus, in tlie example, — 

1 2 is the dividend, 

3 is the divisor, 

4 is the quotient. 

From this it is evident that if we divide the number 2 into two equal parts, one of 
those parts, or the quotient taken twice, is exactly the number proposed ; and so, if a 
number is to be divided by 3, the quotient thrice taken must again give the same number. 
Hence follows the general rule that the quotient muUipHtd hy the divisor reproduces the 
dividend. The dividend, indeed, may be considered a product, whereof one factor is the 
divisor and the other the quotient. For, if we have 40 to divide by 8, we have to find a 
product in which one of the factors is 8, and another factor which multiplied by it may 
give 40. Now 5x8 is a product which answers the hypothesis, and therefore 5 is the 
quotient of 40 divided by 8. ' 

535. Generally, a number ab divided by a gives a quotient h, because a multiplied by h 
gives the dividend db. So, if we have to divide ab by b, the quotient must be a. In short, 
the whole operation of division consists in representing the dividend by two factors whereof 
one is equal to the divisor and the other to the quotient ; thus the dividend ahe divided by 
a gives 6c, for a multiplied by he produces abc ; and, similarly, ahe divided by 6 gives ac, 
and abc divided by ac gives 6. So I6xy divided by 4x gives 4y, inasmuch as 4 times x 
multiplied by 4 times y produces 1 6xy ; but had 1 Qxy been divided by 1 6, the quotient 
must have been xy. 

536. A number a is the same as 1 a ; hence, if a or 1 a is to be divided by 1 the quotient 
must be the same number a ; but if the same number a or 1 <z be divided by a, the quotient 
must be 1. 

537. The dividend cannot always be represented as the product of two factors, whereof 
one is equal to the divisor ; in which case other expressions must be had recourse to. Thus, 
in dividing 19 by 6, it is obvious that the number 6 is not a factor of 19 , for 6 x 3 is but 
18, and therefore too small, and 6x4 produces 24, which is too large ; from which it is 
evident that the quotient is greater than 3 and less than 4. To determine this exactly, a 
species of numbers called fractions is use^ whereof we shall hereafter treat. But previous 
to that, let us investigate the number which nearest approaches to the true quotient, with 
attention to the remainder left, thus : — 

6)19(3 

18 

1 

where the dividend is 19, the divisor 6, the quotient 3, leaving a remainder of 1. Now, 
if we multiply the divisor 6 by the quotient 3, and thereto add the remainder, we have the 
dividend, and this proves the correctness of the division ; for 3 multiplied by 6 produces 
1 8, to which, if the remainder 1 be added, we have 1 9, the dividend. 
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538. Here it must be observed, in respect of the signs + and — , that +o 6 divided by 
+ a must be + 6 ; for it is evident that + a multiplied by + 5 gives + ab. But, if + ab 
be divided by —a, the quotient must be —fc, because —a multiplied by produces +ab. 
Suppose the dividend '-a 6 divided by •{- a, the quotient must be —5, because —fe multiplied 
by +a makes-— Lastly, the dividend —ab divided by —a must have for its quotient 
+ b, for the dividend — a 6 is produced by — a by + 6 . 

539. In division, therefore, the same rules hold respecting the signs + and — as in 
multiplication ; namely, — 

+ by + give + and + by — give — , 

— by + give — and — by — give +, 

or, as it is usually expressed, like signs give pluSy and unlike signs give minus. 

Thus, dividing 21 xy by — 3y, the quotient is — 7x ; and 

— 40p5 divided by +4y) gives — IO 9 ; 
and —12xyz divided by — 8 y gives -vQxz j 
for — 8 y multiplied by +9xz makes — 9 + 8 xyz, or —72xyz. 

THE PROPERTIES OF INTEGERS AS RESPECTS THEIR DIVISORS. 

540. Some numbers are, it has been seen, divisible by certain divisors, others are not 
so. Let us look to this difference between them. Take the divisors 2 , 3, 4, 5 , 6 , 7 , 8 , 9 , 
10 , &c. 

541. Now in the divisor 2 the numbers it will exactly divide are manifestly 2, 4 , 6 , 8 , 
10 , 12 , &c., in which the series increases uniformly by 2 , and they are called even numbers. 
But in the numbers 1 , 3, 5, 7, 9, H, 13, 15, Ac. there is an uniformly less or greater 
number by unity than in the former not divisible by 2 without a remainder 1 ; these are 
called odd numbers. 

542. The general expression 2 a includes all the even numbers, for they are obtained 
by successively substituting the integers 1, 2, 3, 4, 5, 6 , 7, &c. ; and for this reason the odd 
numbers are comprehended in the expression 2 a + 1 , because 2 a + 1 is greater by unity than 
the even number 2 a. 

543. In the second place, suppose 3 to be the divisor, the numbers it will exactly divide 
are 3, 6 , 9, 12, 15, 18, 21, &c., which numbers are comprehended in the expression 3a, for 
dividing 3a by 3 the quotient is a without a remainder. All other numbers that we would 
divide by 3 will give 1 or 2 for a remainder ; and hence they are of two kinds : first, those 
leaving the remainder 1 after the division, which are 1, 4, 7, 10 , 13, 16, Ac., and are con- 
tained in the expression 3a + 1 ; second, those in which 2 is the remainder, and these are 
2, 5, 8 , 11, 14, 17, 20, and these may be expressed 3a + 2; so that all these numbers may 
be expressed by Sa, 3a + 1 , or by 3a + 2. 

544. Suppose 4 to be the divisor, it will divide the following numbers, 4, 8 , 12, 16, 20, 
24, &c., which increase uniformly by 4, and are comprehended in the expression 4a. All 
other numbers not divisible by 4 may leave the remainder 1 , or be greater by 1 than the 
former, as 1, 5, 9, 13, 17, 21, &c., and may ]>e comprehended in the expression 4a + l : 
or they may give 2 as a remainder, as 2, 6 , 10, 14, 18, 22, &c., and be expressed by 
4a + 2; or, lastly, they may give the remainder 3, and as 3, 7, 11, 15, 19, 23, &c., and be 
represented by the expression 4a + 3. All possible integer numbers are hence contained in 
one or other of the four expressions 4a, 4a + 1 , 4a + 2, 4a + 3. 

545. If the divisor is 5 it is nearly the same, for all numbers divisible by it are com- 
prehended in the expression 5a, and if not divisible by 5 they may be reduced to one 
of these expressions, 5a + 1, 5a + 2, 5a + 3, 5a + 4, and so we may go on to the greatest 
divisors. 

546. It is necessary to keep in mind, as we have noticed in a previous passage on the 
resolution of numbers into their simple factors, that all numbers among whose fectors are 
found 2 or 3, or 4, or 5 or 7, or any other number, are divisible by those numbers. For 
example, 48 being equal to 2 x 2 x 3 x 4, it is clear that 48 is divisible by 2 and by 3 
and by 4, 

547. As the general expression abed is not only divisible by a and b, and c and d, but 
also by 

ab, ac, ad, be, bd, cd ; 
and by abc, abd, acd, bed ; 
and, lastly, by abed, which is its own value : 

it is clear that 48, or 2 x 2 x 3 x 4, may be divided not only by those simple numbers, but 
by those composed of two of them, that is, by 4, 6 , 8 , 12 ; and also by those composed of 
three of them, that is, by 12, 16, 24 ; and, lastly, by 48 itself. From this it folloM's, that 
when a number has been represented by its factor it is easy to find all the numbers by 
which it is divisible. 

Q 4 
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548. It is necessary to observe, that every number is divisible by 1 and by itself, so that 
there is no number that has not at least two factors or divisors, the number itself and 
ur.Ity ; but if a number have no other than these two it belongs to the class of numbers 
called prime numbers. With the exception those, all numbers have other divisor besides 
unity and themselves, as may be seen from the subjoined table, wherein all its divisors are 
placed under each number, and the prime numbers mavked with a P. 


Numbers - - - 
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2 

4 2 

4 

3 

4 
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4 
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2 

6 
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p 

p 
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P 
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We must here observe, that 0, or nothing, may be considered a number having the property 
of being divisible by all possible numbers, because by whatever number aO is divided, the 
quotient must be 0 ; for the multiplication of any number by nothing produces nothing, 
hence Oa is 0. 


FRACTIONS. 


549- \Mien a number is said not to be divisible l»y another number, it only means that 
the quotient cannot be expressed by an integer number. For if we imagine a line of 7 feet 
in length, it is impossible to doubt that it may be divided into three equal parts, of the length 
of each whereof a notion may be formed. But as the quotient of 7 divided by 3 is not an 
integer number, we are thus led to the consideration of a particular species of numbers 
called /racfiOMs or broken numbers. If we have to divide 7 bv 3 the quotient may be con- 
ceived and expressed by J, placing the divisor under the dividend, and separating them bv 
a stroke or line. ® ^ 

350. Generally, moreover, if the number a is to be divided by the number 6, the quotient 
is and this form of expression is called a fraction. In all fractions the lower number is 
called the denominator, and that above the line the numerator. In the above fraction of I 
which IS read seven thirds, 7 is the numerator and 3 the denominator. In reading fractions 
we eaU | four- fifths, seven eighteenths, fifteen hundredths, and i one half. 

551. In order to become thoroughly acquainted with the nature of fractions it is proper 
to begin by considering the case of the numerator being equal to the denominator as - 
Now as this is a representation of the quotient obtained by dividing a by a, it is evident 
it is once cont^ed in it, that is, the quotient is exactly unity, hence - is equal to 1 
and for the strap reason all the following fractions, |, a, 5, |, 1, See., are equal to one 
another, each being equal to unity. It Ls evident, then, that fractions whose numerators 
are less than the denominators have a value less than unity, for if a number be divided bv 
another which is greater, the result must necessarily be less than 1 . Thus, if a line two 
feet long be cut into three parts, two of them will undoubtedly be shorter than a foot ■ it 
IS evident, then, that | is less than 1, for the same reason that the numerator 2 is less than 
the denominator 3. 

numerator be greater than the denominator, the value 

the fraction i<5 trreatcr than nnvtv 4 s.\ v «. . . . » vaiue 


.~~rs vicinjuiiiiaior, tne value 

of the fraction is greater than unity. Thu, | is greater than 1 , for ^ is equal to ? toreAer 
t y 1, consequently J is equal to 1 + ', that is, to 'an inteLr^and a 

I nr I I • / »c C/-I 11 ..I ♦rt 13. T2 1 , 


with 4. Now I IS exactly ., ^ 

third. So f IS equal to 1 J, or I > ; < 1, equal to 15 ; aud ^ is equal to 2J. Generally if we 
divide the upper member by the lower, and add to the quotient a fraction whose numerator 
expr^s the remamder and the divisor the denominator, we shall in other terms represent 
the fraction. For example, in the fraction f the quotient is 3 and the remainder 3; hence 
IS the same as 3,|. ’ 

553. Fractions, then, whose numerators are greater than their denominators, consist of 
two numbers; one of which is an integer, and the other a fractional number, in which the 
numerator is less than the denominator ; and when fractions contain one or more intewrs. 

improper /rachoHS, to distinguish them from fractions properly so called in 
winch the numerator is less than the denominator, whence they are less than unite nr in 
an integer. There is another way of considering fractions. ^ Irural^h: sn“ 
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ject. Thus, in the fraction it is evident that it is five tinu» greater than This last 
fraction expresses one of the 10 parts into which 1 may be divided, and that in taking five 
of tiiose pai^ we have the value of the fraction ^ 

554. It is from this mode of considering a fir^tion that the terms numerator and denomi- 
nator are derived ; that is to say, the lower munb^ expresses or denotes the number of 
parts into which the integer is divided, and is therefore called the denominator^ the upper 
number, or that above the line numh^s the quantity of those parte, and is thence called the 
numerator. It follows, then, that as the denominator is increased the smaller the parts be- 
come, asinj, and so on ; and it is evident that if the integer be divided into two 
parts, each of those parts is greater than if it had been divided into eight. In this division 
of the integer it is impossible to increase the denominator so that the fraction shall be re- 
duced to nothing ; for into whatever number of parts unity may be divided, however small 
they b^ they still preserve some definite magnitude. Indeed, to whatever extent we con- 
tinue the series of fractions just named, they will always represent a certain quantity. 
From has arisen the expression that the denominator must be infinitely great, or infinite^ 
to reduce the firaction to 0 , or nothing, which in this case means nothing more than that it 
is impossible to reach the end of the series of the fractions in question. This idea is ex- 
press^ by the use of the sign oo , which indicates a number infinitely great, and we may 
therefore say that * is really nothing, because a fraction can only be lessened to nothing 
when the denoniinator has been increased to infinity. This, moreover, leads us to another 
view of the matter, which is important. The fraction, 1 , as we have seen, represents the 
quotient resulting from the division of 1 by oo . Now, if 1 be divided by 3 or O, the quo- 
tient will be again co , and a new idea of infinity is thus obtained, arising from the division 
of 1 by 0 ; and thus we are justified in saying that 1 divided by 0 expresses x , or a number 
infinitely great. From this, moreover, we learn that a number infinitely great is sus- 
ceptible of increase, for having seen that J denotes a number infinitely great, §, the double 
of it^ must be greater, and so on. 

PEOPERTIES OP FEACTIONS. 

555. It has been seen that §, &c. are equal to 1 , and thence equal to one anotlier ; 

the same equality obtains in the fractions ^ I* which, from what has been said, it is 
obvious are each equal to 2 , mid to one another, so the fractions p ^ are, from their 
common value, being 3 each, equal to one another. In the same way, a fraction may be 
represented in an infinity of ways by multiplying the numerator and denominator by the 
same number, be that number what it may ; thus, ^ &c. are equal, the common 

value being J. So, to give another example, -ft* 5 i» 3 a’ ^ equal to Hence, we 

arrive ^ the general conclusion that the fraction ^ may be . equally represented by the 
following expressions, each equal to viz. &c. That this is the case we 

may see by substituting a certain letter c for the fraction which letter we will consider 
as representing the quotient of a divided by 6 ; recollecting, then, that the multiplication 
of the quotient c by the divisor b must give the dividend ; for by the hypot^iesis, as c 
multiplied by b gives a, it is evident that c multiplied by 2b must give 2 a, that c multiplied 
by 3b will give 3a ; and that in general c multiplied by mb (m repre^nting any given 
number) must give ma. The converse brings us to the division of a by 6 , in which, if we 
divide the product ma by mb one of the factors, the quotient is equal to c, the other frictor. 
But ma divided by Jn 6 gives also the firaction which is therefore equal to c, which was 
the matter to be proved ; for c was assumed as the value of the fraction and hence this 
firaction is equal to Uie fiction whatever the value of m. 

556. The infinite forms in which fractions may be represented, so as to express the same 

value, has been before shown ; and it is obvious, that of those forms, that which is given 
in the smallest numbers is more immediately understood. Thus the fraction or one 
quarter, is more easily comprehended than ^ &c. It therefore becomes a matter 

of convemence to expre^ a fraction in the least possible numbers, or in its least terms. 
This is a problem not difficult of r^olution when we recollect that all fractions retain their 
value if the numerator Mid denominator are multiplied by the same number, from which 
we also learn that if they are divided by the same number their value is not altered. As 
an example in the general expression if Imth numerator and denominator be divided 

number tn, we obtain the fraction which has before been seen to be equal 

From the above, then, it is evident ffiat to reduce a fraction to its least terms, we 
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have only to find a number which will divide the numerator and denominator, and this num- 
ber is called a common divisor, which if we can find, the fraction may be reduced to a lower 
form ; but if we cannot find such a number, and unity is the only common divisor that can 
be found, the fraction is already in its simplest form. Thus, taking the fraction ^ we 
may immediately perceive that 2 will divide both the terms, whereof the result is ^ ; this 
result is again divisible by 2 , by which the fraction is reduced to in which we again find 
2 as a common divisor, and the residt of that is J|. In this we may perceive that, as 2 will 
no longer divide the terms, another number must be sought, and by trial that number will 
be seen to be 3, by using which we obtain the fraction the simplest expression to which 
it can be reduced, for 1 is the only common divisor of the numbers 4 and 1 5, and division by 
unity will not reduce those numbers- This property of the invariable value of fractions 
leads to the conclusion that in the addition and subtraction of them, the operations are per- 
formed with difficulty, unl^s they are reduced to expressions wherein the denominators are 
equal- And here it wUl be usefril to observe that all integers are capable of being represented 
by fractions ; for it is manifest that 9 and | are the same, 9 divided by 1 giving a quotient 
of 9 ; which last number may also be equally represented by * 5 ®, &c. &c. 

ADDinOK AND SUBTRACTION OP FRACTIONS. 

558. When the denominators of fractions are equal they are easily added to and sub- 
tracted from one another : thus, | + § is equal to | or 1 , and | J is equal to | or In 
this case, either for addition or subtraction, it is only necessary to change the numerators and 
place the common denominator under the result, thus : — 

8 _ 24 . 5^4 7 nr* 

Ti n ^71 Tl“TT^'2 

^3 “ ^ ~T5 + "R “ "R 

T + 7 = ? or 1 

|-l + J = §or nothing. 

If fractions have not the same denominator, they must, for the purpose in question, 
be changed into others that are in that condition. For an example, let us take the frac- 
tions ^ and j ; it is evident that J is the same as J, and that J is equivalent to | ; the firac- 
tions for adding together therefore become § + 1, whose sum is If the latter is to be 
subtracted from the former, or, in other word^ to be united by the sign — , as i — 1 , we shall 
have§-|,orJ. 

559. It often becomes necessary to reduce a number of fractions to a common deno- 

minator ; thus, suppose we have the fractions §, 5 , We have here only to find a 
number divisible by all the denominators of those fractions. In the above case, that 
number will, by tri^, be seen to be 60, which therefore will be the common denominator. 
Substituting this, we shall have instead of ^ ; |§ instead of § ; instead of | ^ instead 
of I ; and instead of The addition of all these fractions thus becomes simple enough, 
for we have only to add the numerators together, and place under that sum the common 
denominator, that is to say, we shall have which is equal to 3|g or 85 ^ Thus, all that is 
necessary is to change two fractions whose denominators are unequal into two otiiers whose 
denominators are equaL For the performance of this generally, if g and ^ be tiie firactions, 
first multiply both the terms of the first fraction by d, and we shall have ^ equal to | . 
then multiply both the terms of the second fractions by b, and we have its equivalent value 
in ^ whereby also the two denominators »e become equ^. The sum of these fractions 
is now readily obtained, being and their difference is evidently Suppose the 

fractions | and | proposed, we have in their stead and f|, whereof the sum is W, and 
the difference It is by the method just mentioned that we are enabled to a^ertain 
which is the ^eater and which the less ; thus, in the two fractions | and ^ it is evident 
that the last is smaller than the first, for, reduced to the same denominator, the first is |Z, 
and the second f®, whence it is erident that | is less than | by ^ 

560. To subtract a fraction from an integer, it is only necessary to change one of its units 
into a fraction having the same denominator as that which is to be subtracted : thus to sub- 
ti^t I from 1 we write f instead of 1 , from which if | be taken § remain. Again, suppose 
j is to be subtracted from 2, we may either write f or If, from which f subtracted leave « 
or If. It is only necessary to divide the numerator by the denominator, to see how 
many integers it contains. We have nearly the same operation to perform in adding 
numbers composed of integers and fractions ; thus, let it he proposed to add Sff to 3 ' thra 
taking J and J, or, which is the same, J and |, their sum is the sum total, therefore, will 
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MULTIPLICATION AND DIVISION OF FRACTIONS. 

561. For tiie multiplication of a fraction by an integer, or whole number, the rule is to 
multiply the numerator only by the given number, the denominator remaining unchanged : 
thus — 

2 times or twice J makes | or 1 integer, 

2 times or twice J makes 

3 times or thrice J makes | or 

4 times ^ makes or l,®j or 1 f. 

But when it can be done, it is preferable to divide the denominator by the integer, 
inasmuch as the operation is shortened by it ; for example, in multiplying | by 3, by the 
rule above given, we have which is reduced then to |, and, lastly, to 2§. But if the 
numerator remain and the denominator is divided by the integer, we have at once § or 2| 
for the product sought. Likewise ^ multiplied by 5 gives or 3|, that is 3^. 

562. Generally, then, the product of the multiplication of a fraction ^ by c is and 
it is to be observed that when the integer is exactly equal to the denominator, the product 
must be equal to the numerator. So that — . 

I taken twice gives 1 , 

^ taken thrice gives 2, 

^ taken 4 times gives 3. 

and, generally, if the fraction ^ be multiplied by the number 5, the product, as has already 
been seen, must be a, for as | represents a quotient resulting from the division of the dividend 
a by the divisor b, and since we have seen that the quotient multiplied by the divisor will 
give the dividend, it is evident that | multiplied by 6 must produce c. We are next to 
consider how a fraction can be divided by an integer before proceeding to the multiplica- 
tion of fractions by fractions. It is evident, if I have to divide the fraction j by 3, the 
result is J, and that the quotient of | divided by 4 is ^ : the rule is therefore to divide the 
numerator by the Integer, and leave the denominator unchanged. Thus — 

divided by 2 gives ^5, 
divided by 7 gives 5^, &c, &c. 

563. The rule is easily applied if the numerator be divisible by the number proposed ; 
as this is not always the case, it is to be observed that a fraction may be transformed into 
an infinite number of similar expressions, in some of which the numerator might be divided 
by the given integer. Thus, for example, to divide ^ by 2, we may change the fraction into 
|, in which the numerator may be divided by 2, and the quotient is therefore |. 

564. In general, to divide the fraction ^ by c, it is changed into ^ and then dividing 
the numerator ac by c, write ^ for the quotient sought. 

565. Hence, when a fraction ^ is to be divided by an integer c, it is necessary merely 
to multiply the denominator by that number, leaving the numerator as it is. Tlius, | 
divided by 3 gives and § divided by 6 gives When, however, the numerator is 
divisible by the integer, the operation is still simpler. Tlius, divided by 3 would give 
according to the first given rule but by this 1^ rule we at once obtain an expres- 
sion equivalent to, but more simple than, 

566. We now perceive, then, in what way one fraction ^ may be multiplied by another 
Here^ means that c is to be divided by d, and on this principle we must first multiply 

^ by c, the result whereof is after which we divide by d, which gives ^ 

From this arises the rule for multiplying fractions, which is, to multiply the numerator 
and denominators separately. Thus r— 

J multiplied by J gives the product 5*,, 

I multiplied by produces J|, 

^ multiplied by ^ produces &c. &:c. 

567. We are now to see how one fraction may be divided by another. And, first, it is to 
be observed, that if the two fractions have similar denominators, the division is performed 
only with respect to the numerators, for it is manifest that are as many times contained 
in as 3 in 9 , that is, three times ; and in the same manner in order to divide by we 
have only to divide 7 by 9 which is So we shall have in 3 times, ^ in 

7 times. 
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568. If the denonunators of the fractions are not equal, they must, by the method before 
given, be reduced to a common denominator. Thus, if the fraction ^ is to be divided by 

we have ^ to be divided by ^ ; whence it becomes evident that the quotient will be re- 
presented simply by the division of ad by be or Hence the following rule : multiply 
the numerator of the dividend by the denominator of the divisor, and the denominator of 
the dividend by the numeartor of the divisor, the first product will be the numerator of the 
quotient and the second its denominator. 

569. If this rule be applied to the division of | by J we have H or Ij, and || by | gives 

150 fiv. 5 
2W S* 

570. There is a rule which operates the same results, and is more easily recollected ; 
it is, to invert the fraction which is the divisor, that is, place the denominator for the nu- 
merator and the numerator for the denominator ; then multiply the numerators together 
for a new numerator, and the denominators for a new denominator, and the product will be 
the quotient sought. Thus, J divided by f is the same as ^ multiplied by which make J. 
Also I divided by § is the same as | multiplied by ^ which is -H ; that is, in general terms, 
to divide by the f^tion J is the same as to multiply by f or 2, that division by J is the 
same as multiplication by f or by 3. 

571. Thus, the number 100 divided by ^ is 200, and 1000 divided by ^ will give 3000. 
So also if 1 be divided by the quotient would be 1000 ; and 1 divided by -jgpgjjg gives 
100,000. This view is use^ in enabling us to conceive that, when any number is divided 
by 0, the result must be a number infinitely great ; for the division of 1 by the small frac- 

for a quotient 1,000,000,000. 

572. As every number, when divided by itself, produces unity, a fraction divided by 
itself must also give 1 for a quotient. For to divide | by we must, by the rule, multi- 
ply I by by which we obtain or 1 ; and if it be required to divide g by g, we multiply 
g by - ; now the product ^ is equal to 1. 

573. There remains to explain an expression in frequent use, — such, for instance, as the 
half of : this signifies that we must multiply by 4, which is So, if it be required 
to know the value of of they are to be multiplied together, which produces ^ ; and 
J of is the same as multiplied by which produces 

574. We have, in a previous section, laid down for integers the signs of + and — , and 
the same rule holds with regard to fractions. Tlius +4 multiplied by makes — J; and 
—5 multiplied by gives +^. Further, — -J divided by +§ makes — or — IJ; and 
•“{ divided by — J makes +2^*, or 3|, that is, 3^. 


SQUARE >'UMB£RS. 

575. If a number be multiplied by itself, the product is called a gquare^ in relation to 
which the number itself is called a square root. Thus, if we multiply 12 by 12, the pro- 
duct 144 is a square whose root is 12. The origin of this term is borrowed from 
geometry, by which we learn that the contents of a square are found by multiplying its 
side by itself. 

576. Square numbers, therefore, are found by multiplying the root by itself. Thus, 1 

is the square of 1 ; since 1 multiplied by 1 makes 1 . So 25 is the square of 5, and 64 the 
square of 8. 7, also, is the root of 49, and 9 is the root of 81. Beginning with the 

squares of natural numbers, we subjoin a small table, in the first line whereof the roots or 
numbers are ran^d, and on the second their squares. 


Numbers . . . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Squares .... 

1 

4 

9 ' 

16 

25 

36 

49 

64 

81 

100 

121 

144 

169 


577. A singular property will be immediately perceived in this table, which is, that in 
the series of square numbers, if the preceding one be subtracted from that followin<r, the 
renuunders always increase by '2, forming the following series^ 


3, 5, 7, 9, 11, 13, 15, 17, 19, 21, &c., 
which is that of the odd numbei^ 

578. The squares of fractions are found in the same manner as those of whole numbers, 
that is, by multiplying any given fraction by itself ; thus the square of J is J, 


is 



The square of - 
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Hence we have only to divide the square of the numerator by that of the denominator, and 
the fraction expressing that division is the square of the given fraction. Thus || is the 
square of and, reciprocally, | is the root of 

579. If the square of a mixed number, or one that is composed of an integer and a 
fraction, be sought, no more is necessary than to reduce it to a single fraction, and then 
take the square of that fraction. Thus, to find the square of 2|, it must first be expressed 
by the fraction | ; and, taking its square, we have fj, or 5-^ for the value of the square of 
2|. And so of any similar numbers. The squares of the numbers between 3 and 4, sup- 
posing them to increase by one fourth, are as follow : — 


Numbers . . 

3 

35 1 

34 

35 

1 4 

Squares . . 

9 

*0^ 

12J 


16 


From this small tabular view it may be inferred that if a root contain a fraction, its 
square also contains one. Thus, let the root be 1^ its square is ||f, or 1^'^, that is, rather 
more than half as gr^at again as the integer 1 . 

580. Generally, when the root is a the square must be aa ; if the root be 2a the square 
will be 4aa ; from which it is evident that by doubling the root the square becomes 4 times 
greater; for if the root be 4a, the square is I 6 aa. If the root be ab, the square is aabb; 
if abc, the square is aabbcc, 

581. Thus, then, if the root be composed of more factors than one, their squares must 
be multiplied together ; and, reciprocally, if a square be composed of more than one frctor 
whereof each is a square, it is only necessary to multiply the roots of these squares to ob- 
tain the complete square of the root proposed. Thus, as 5184 is equal to 9 x 16 x 36, the 
square root of it is 3 x 4 x 6 , or 72 ; and 72, it will be seen, is the true square root of 5184 ; 
for 72 X 72 ^ves 5184. 

582. Here we must for a moment stop to see how the signs + and — affect our opera- 
tions : and, first, it cannot be doubted that if the root is a positive quantity, that is, with 
the sign + before it, its square must be a positive quantity ; for + by + makes + : thus, 
the square of -f a will be +aa. So, also, if the root be a negative number, as ~a, the 
square will still be positive, for it is +aa; from which it follows that of -f a, as well as 
—a, the square Is +aa ; hence every square has two roots, one positive and the other 
negative. For example, the square of 16 is both +4 and —4, because —4 multiplied by 
—4 gives 16, as well as +4 by +4. 

SQUARE ROOTS, AND THE IRRATIONAL NUMBERS THAT RESULT FROM THEM. 

583. In the last section it has been seen that the square root of any number is but one 
whose square is equal to the given number, and that to those roots the positive or negative 
sign may be prefixed ; so that if we could remember a sufficient number of squares, their 
roots would at the same time present themselves to our mind. Thus, if 144 were the 
given number, we should at once recollect that its square root is 1 2 . 

584. For the same reason fractions would be easily managed ; for we at once see that 
^ is the square root of inasmuch as we have only to take the square root of the numerator 
and that of the denominator to be convinced of it. 

If we have to deal with a mixed number, we have only to put it in the shape of a single 
fraction : for example, 1 2\ is equivalent to ^ ; and we see by inspection that | or 3 | must 
be the square root of 12\. But when the given number is not a square, as, for example, 12, 
it is not possible to extract its square root, that is, to find a number multiplied by itself 
whose product is 1 2 . It is, however, clear that the square root of 1 2 is greater than 3 ; 
for 3x3 produces only 9 ; and it must be less than 4, because 4x4 produces 1 6, which is 
greater than 12 . From the table just given we may see that the square of 3 j or | is 12 | ; 
hence the root must be less than 3^. We may, however, come nearer to this root by com- 
paring it with 3^ ; for the square of 3^, or of f|, is ^ 5 *, or 1 22 ^ 5 , a fraction only greater 
by 5 ^ than the root required. Now, as 3^ and 3^ are both greater than the root of 12 , it 
might be possible to add to 3 a fraction a little less than ^ precisely such that the square 
of such sum should be exactly equal to 1 2. Trying, therefore, with S|, | being a little 
less than we have 3|, equal to whose square is and consequently less than 12 by 

; because 1 2 may be expressed by Hence we perceive that 3^ is less and 3^ is 
greater than the root required. Trying a number, 3^p which is a little greater than 3§, 
but less than 3^, its equivalent is and it will have for its square ; and as 12 re- 
duced to the same denominator is we thus find that 3-^ is as yet less by than the 
root of 1 2. If for the fraction which is a little greater, be substituted, we have the 
square of 3^, equal to ; and 1 2 reduced to the same denominator, or multiplied by 
169, equal to 2029 . ^ is yet too small, though only by whilst .3-^ has been 

found too great. From this it is evident that whatever fraction be joined to 3, the 
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square of that sum will always contain a fraction, and will not be equal exactly to the 
integer 12 . For, knowing that the square root of 12 is greater than 3^ and less than 
3^ we are nevertheless unable to assign between the two an intermediate fraction, which, 
added to 3, precisely expresses the square root of 12. But it must not therefore be said 
that the square root of 1 2 cannot be absolutely determined, but only that it cannot be 
expressed by fractions. 

585. We hence find that there exists a species of numbers which, though not expressible 
by fractions, are yet determinate quantities, and of this the square root of 1 2 furnishes an 
example. This species of numbers are termed irrational numbers, and occur as often as we 
attempt to find the square root of a number which is not a square. Thus, 2 not being a 
perfect stjuare, its square root, or the number which, multiplied by itself, would produce 2 , 
is an irrational quantity. Such numbers are also called surd quantities, or incommen^ 
surables ; and though they cannot be expressed by fractions, they are, nevertheless, magni- 
tudes of which an accurate idea may be formed. In the case of the number 1 2 , for 
exami)le, though its square root is not apparent, we know that it is a number which, 
multiplied by itself would exactly produce 12 ; and this is a property which, by the power 
of approximating to it, is enough to enable us to form some idea of it. 

586. Having now obtained a distinct idea of the nature of these irrational numbers, we must 
introduce to the reader the use of the sign V (square root), which is used to express the 
square roots of all numbers that are not perfect squares. Thus VI 2 signifies or represents 
the square root of 12 , or that number which, multiplied by itselfi produces 12. So V2 re- 
presents the square root of 2 , Vg that of §, and, generally, Va represents the square root of 
the number a. If, therefore, we have at any time to express the square root of a number, 
all that is necessary is, to prefix to it the sign V. This explanation of irrational numbers 
enables us to apply to them the known methods of calculation. For, inasmuch as the 
square root of 2 multiplied by itself must produce 2 , we know that V2 x V 2 will produce 
2 , and that V§ x makes § ; and so of any other number, and, generally, that Vn x */a 
produces a. 

587. When, however, it is required to multiply Va by the product is Va 6 , for it 
has been heretofore shown that when a square has two or more factors, its root b com- 
posed of the roots of those factors. Hence wc find the square root of the product ah, 
which b ^ah, by multiplying the square root of a, or a/ a, by the square root of 6, or 
And from this it is evident that if b were equal to a, ^/aa would be the product of A/a by 
V 6 . Now, there can be no doubt that Vaa must be a, for aa is the square of a. 

588. In division, if it be required to divide by V 6 , the quotient must be ^ 
which it may be, that the irrational number may vanish in tlie quotient. Thus, in the case 
of dividing V18 by V 8 , the quotient b which is reduced to V?, and, consequently, 
to 5 being the square of §. 

589. When the number to which the radical sign v' b prefixed happens to be a square, 
the expression of the root follows the ordinary course. Thus, V4 b equivalent to 2 • 
V9 b the same as 3 ; V 8 l the same as 9 ; and 12J the same as J or 3J ; in which instances 
the irrationality is but apparent, and vanishes. 

590. No difficulty occurs in multiplying irrational by ordinary numbers. Thus 2 

multiplied by V5 produces "2^5, and 3 multiplied by ^2 produces 3 ^ 2 . In the last 
instance, however, as 3 is equal to V9, the expression is also 3 times V2 by ^9 multi- 
plied by V2 or by V18. In the same way of considering this matter, 2 Va b the same as 
V4a, and S^/a b equivalent to V9a. Generally, b Va is equivalent to the square root of 5&a 
or ^ 066 ; and, reciprocally, when the number preceded by the radical sign contmns a square, 
the root of the square may be prefixed to the sign, as in writing b Va instead of A/bba. 
From this it will be easy to comprehend the following expressions : 


-/ 8 

or 

V2-4 

1 

2 a/2 


or 

V3-4 


2 a/3 

yi8 

or 

./2-9 


3 a/2 

v/24 

or 

v'^ 

is equivalent to - 

2 a/6 

v'sa 

or 

a/2-16 


4 a/2 

./75 

or 

v'3-25 


5 a/3 


On the foregoing principles the operations of div'isLon are based, for Va divided by ^/h mu.st 
be ^ or sA, and thus — 


yii 

V2| 

yi? 
y 2 

Vl_2 

V3j 


is equal to 


or y/A, that b, 2 
or that is, 3 

12 

or v'l' that b, 2 
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And a^in — 


2 ■ 

1 




1^2 

3 

^ 3 \ 

. is equal to . 

1 V9 
i V3 



1 \/144 



L 6 


A 

or Vg or 
or or \/3 

or or v^4, or v'fi x 4 ; or, lastly, 2^. 


591, It is unnecessary to follow this out in division and subtraction, because ^e numbers 
are merely connected by the signs + and — . For exmnple, added to V 3 is expressed 

+ V3 ; and V'® subtracted from VI 0 is written VI O — a/ 6- • -i i 

592. For the purpose of ^igting ti ishing these numbers from ail others not similarly cir- 
cumstanced, the latter, as well integral as fractional, are denominated rattonal numbers ; mid 
thence, when we speak of rational numbers, it is to be understood that we ^eak of int^ers 


or fractions. 


IMPOSSIBLE OB IMAGINABY QUANTITIES. 

593. The squares of numbers, whether negative or positive, as we have shown above, are 
always affected by the + or positive sign, for it has been seen that — o multiplied by —a 
produces + aa, in the same way as + a by + a produces the same result ; and it was on 
this account that in the preceding section all the numbers whose roots were to be extracted 
were considered positive. If, however, the root of a negative number is to be extracted, a 
difficulty arises, because there is no assignable number whose square would be a negative 
quantity. If, for instance, we wanted the root of —4, we have to search for a number 
which, multiplied by itself, will produce —4- This number can be neither +2 nor —2, 
because the squares of both will be +4, and not —4. Hence we must conclude that the 
square root of a negative number is neither positive nor negative, inasmuch as that the 
squares of negative numbers are affected by the sign + . The root must, therefore, belong 
to a species of numbers entirely distinct from all others, for it caimot be placed among 
either positive or negative numbers. 

594. It has been observed that all positive numbers are greater than 0, and that all 

negative numbers are less than 0 ; hence whatever exceeds 0 is a positive number, and that 
which is less than 0 must be expressed by negative numbers. Thus the square roots of 
negative numbers are neither greater nor less than nothing. But they are not 0, because 
the product of O multiplied by 0 is 0, and does not, therefore, produce a negative number. 
But as ail conceivable numbers are greater or less than 0, or are 0 itself, the square root 
of a negative number cannot be ramked among possible numbers ; hence it is said to be an 
impossible quantity ; and it is this which lea^ us to an idea of numbers which are na- 
turally impossible. They are usually called imaginary qitantities, from their existing only 
in imagination. Such expressions, therefore, as-v^— -I, V— 3, •J —4, &c. are 

impossible or imaginary numbers, because they represent roots of negative quantities ; and of 
such numbers it may ^ said that they are neither nothing nor greater nor less than nothing ; 
they are, therefore, imaginary or impossible. Though existing only in our imagmation, 
we may form a sufficient idea of them, for we know that V -*4 expresses a number which, 
multiplied by itself, produces —4. For this reason there is nothing to prevent, in cal- 
culation, the use of these imaginary numbers. 

595. The most obvious idea on the above matter is, that the square of V —3, for 

instance, or the product of V — 3 by •J — ^ will be — 3 ; that the product of V — 1 by 
V — 1 is “ 1 ; and, in general, that by multiplying — a by V ~ a we obtain — a. Now 
— a is equal to +a multiplied by —1, and as the square root of a product is found by 
multiplying together the roots of its fectors, it follows that the root of a multiplied by 
“1 or a/— a is equal to >Ja multiplied by ^ ~1. But ^/a is a possible or real number, 
consequently the whole impossibility of an imaginary quantity may be always reduced to 
\/ — 1 . Thus V 4 is equal to v'4 multiplied by V "" 1 » and equal also to 2 v' — 1 > the 
a/4 is equal to 2; and so also V— 9 is reduced to VO x v' — l or Sv**”!* and similarly 
V'— 16 is equal 4^—1* Thus, also, as V® multiplied by produces v'u6, we have 
for the value of multiplied by V— 3 > and v'4 or 2 for the value of the product of 

v' — l by v'“4. Hence we see how two imaginary numbers multiplied together produce 
one which is real or pc^ible. But, on the other hand, a possible number multiplied by an 
impossible one always produces an imaginary prcniuct : thus, V — 3 by \/ + 5 gives V — 15. 

596. The same species of results pie vail in division ; for, as \/a divided by makes 
it is clear that V — 4 divided by V— 1 w^iH make y/+4 or 2, that V + S divided by 

v'— 3 gives v' — l; and that 1 divided by V“1 gives or — L because 1 is equal 
to V + L It has been already stated that the square root of a number has universally two 
values, one positive and the other negative; that V4, for example, is both +2 and —2; 
aad that, generally, —^a as well as +v^« exhibit equally the square root of a. It is 
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the same in the case of imaginary numbers, for the square root of —a is both and 

— V'—n? but the signs + and — before the radical sign V must not bg confoimded with 
the signs that come after it 

597. However, on first view, it may seem idle speculation thus to dwell on impossible 
numbers, the calculation of imaginary quantities is of the greatest importance, for ques- 
tions constantly arise wherein it is impossible to say whether anything real or possible is 
or is not included, and when the solution of such a question leads to imaginary quantities, 
we are certain that what is required is impossible. Thus, suppose it were required to divide 
the number 1 2 into two such parts that the product of them may be 40. In resolving this 
question by the ordinary rules we find, for the parts sought, 6 +\/ — 4 and 6—^ — 4, both 
imaginary numbers ; hence we know that it is impossible to resolve the question. The 
difference is manifest in supposing the question had been to divide 12 into two parts whose 
product should produce 35, for it is evident that those parts must be 7 and 5. 

598. A number twice multiplied by itself^ or its square multiplied by the root, pro- 
duces a cube or cubic number. Thus the cube of u is aaa, for it is the product of a mul- 
tiplied by a, and that square aa again multiplied by a. 

The cubes of the natural numbers are placed in the subjoined table : — 


Numbers 

1 

2 

3 

4 


6 

7 

8 

9 

10 

Cubes 

1 

8 

27 

64 

125 

216 

343 

512 

729 

1000 


Analysing the differences of these cubes, as we did those of the squares, by subtracting 
each cube from that following, the following series of numbers occur : — 

7, 19, 37, 61, 91, 127, 169, 217, 271, 

And in these there does not appear any regularity ; but, taking the differences of these, 
we shall have the following series : — 

12, 18, 24, 30, 36, 42, 48, 54, 60; 

On the inspection of which it will be seen that the terms increase regularly by 6. 

599. From the definition of a cube the cubes of fractional numbers are easily found ; 
thus, i is the cube of ^ is the cube of and ^ is the cube of §. Thus, also, we have 
only to take the cub$ of the numerator and that of the denominator separately, and for 
the cube of J we have ^ To find the cube of a mixed number it must be reduced, first 
to a single fraction, and the process is then conducted in a similar manner. Thus, to find 
the cube of IJ we must take the cube of J, which is ^ or IJJ, and the cube of li is that 
of I, or 2^, or 3|. 

As aaa is the cube of a, that of ab will be aaahhb ; from which we learn, that if a number 
has two or more fectors, its cube may be found by multiplying together the cubes of those 
factors. For instance, as 12 is equal to 3 x 4, the cube of 3, which is 27, if multiplied by 
the cube of 4, which is 64, gives us 1728, the cube of 12. Again, the cube of 2a is 8aaa, 
that is to say, 8 times greater than the cube of a ; so the cube of 4a is 64aaa, that is to 
say, 64 times greater than the cube of a. 

600. The cube ef a positive number will, of course, be positive : thus, that of + a will 
be +aaa; but the cube of a negative will be negative, for —a by —a gives +aa, and 
that again multiplied by —a gives —aaa. So that it is not the same as with squares, for 
these are always positive. 

CUBE ROOTS ASrn THE IRRATIONAL NUMBERS THAT BfSULT FROM THEM. 

601. As we can, by the mode above ^ven, find the cube of any given number, so may 
we find one which, multiplied twice by itself, will produce that number. With relation 
to the cube this is called the cube root^ or that whose cube is equal to the given number. 
When the number proposed is a real cube the solution is easy enough. For there is no 
difficulty in seeing that the cube of 1 is 1 , that that of 2 is 8, that of 4 is 64, and so on : and 
equally that the cube root of —27 is —3, and that of —216 is —6. Similarly, if the 
propo^ number be a fraction, as the cube root is |, and that of ^ is f. And last, in 
the case of a mixed number, as 2^, the cube root will be | or 1^, because 2|5 is equal to 

602. If, however, the proposed number be not a cube, its cube root cannot be expressed 
either in integers or fractional numbers. Thus, 43 is not a cube number ; hence it is im- 
possible to assign any number, integer or fractional, whose cube shall be exactly 43. We 
may, however, assert that the cube root of that number is greater than 3, for the cube of 
3 is only 27, and less than 4, because the cube of 4 is 64. The cube root required lies, 
therefore, between 3 and 4. Tlie cube root of 43 being greater than 3, by adding a 
fraction to 3 we may approach nearer to the value of the root, but we shall never be able 
to express the value exactly, because the cube of a mixed number can never be exactly 
equal to an integer, as 43 for instance. If we suppose 3| or | to be the cube root required. 
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the error would be J, for the cube of J is only or 42J. Thus we see that the cube root 
of 43 can be expressed neither by integers nor fractions. We obtain, however, a distinct 
notion of its magnitude, and, for the purpose of representing it, a sign ^ is placed before 
the number which is read cube root, to distinguish it fi’om the square root^ which is fre- 
quently merely called the root. Thus 4^43 expresses the cube root of 43, that is, the 
number whose cube is 43. 

603. It is evident that such expressions cannot belong to rational quantities, and that, 

indeed, they form a particular species of irrational quantities. Between them and square 
roots there is nothing in common, and it is impossible to express such a cube root by a 
square root, as, for example, by */\ 2, for the square of V 1 2 being 1 2, its cube will be 1 2 2, 

consequently irrational, and such cannot be equal to 43. 

604. If the proposed number be a real cube the expressions become rational : is equal 

to 1 ; ^8 is equal to 2 ; 4^27 is equal to 3 ; and, generally, ^aaa is equal to a. 

605. If it be propped to multiply one cube root by another, for example, by 4^, 

the product must be ^ab ; for it has already been seen that the cube root of a product ab is 
found by- multiplying together the cube root of its factors. Whence, also, if be divided 
by .^6, the quotient will be And, further, 2 is equal to ^8u, for 2 is the same 

as ^8 ; 3 is equal to A'27a, and b is the same as ^abbh. So, reciprocally, when 
the number under the radical sign has a factor which is a cube, we may always get rid of 
it by placing its cube root before the sign. Thus, instead of -^64a we may write 4 mid 
7-^0 instead of /^343a. Hence ^16 is equal to 2^2, because 16 is equal to 8 x 2. ^\^en 
a number proposed is negative, its cube root is not subject to the difficulties which we 
observed in speaking of square roots ; for, as the cubes of negative numbers are negative, 
it follows that their cube roots are but negative. Thus 4/ — 8 is equal to — 2, and -4^ — 27 
to —3. So also 4^ — 12 is the same as — 4^12, and 4^— a may be expressed by — ^a. From 
which it may be deduced that the sign — , though found after the sign of the cube root, 
might have been as well placed before it. Hence we do not herein ffill upon impossible 
or imaginary quantities, as we did in considering the square roots of negative numbers. 

OF rO^TRS IN GENERAL. 

606. A power is that number which is obtained by multiplying a number several times 
by itself. A square arises from the multiplication of a number by itself a cube by 
multiplying it twice by itself, and these are powers of the number. In the former case we 
say the number is raised to the second degree or to the second power ; and in the latter, the 
number is raised to the third degree or to the third power. 

607. These powers are distinguished fi*om one another by the number of times that the 
given number has been multiplied by itself. Thus the square is called the second power, 
because it has been removed to the second product by multiplication by itself; another 
multiplication by itself brings it to the third power or cube. When miiltiplied again by 
itself it becomes the fourth power, which is commonly called the bi-quadrate. From this 
will be readily comprehended what is meant by the fifth, sixth, seventh, &c. power of a 
number. After the fourth degree the names of the powers have only numeral distinc- 
tions. For the purpose of illustration, we may observe, that the powers of 1 must always 
be 1, decaiise how often soever we multiply 1 into itself the product must be 1. The 
following table shows the powers of 2 and 3. 


Powers. 

Of the number 2. 

Of the number 3. 

I 

2 

3 

II 

4 

9 

III 

8 

27 

IV 

16 

81 

V 

32 

243 

VI 

64 

729 

VII 

128 

2187 

VIII 

256 

6561 


512 

19683 

' X 

1024 

59049 

XI 

2048 

177147 

XII 

4096 

531441 

XIII 

8192 

I 594323 

XIV 

16384 

4782969 

i XV 

32768 

14348907 

1 XVI 

65536 

43046721 

XVII 

131072 

129140163 

1 XVIII 

262144 

387420489 i 


R 
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608. Of powers, those of the number 1 0 are the most remarkable, as being the foundation 
cur system of arithmetic. We will range in order a few of them, as under : — * 

I, II, III, IV, V. VI, 

10, 100, looa 10000, 100000, 1000000, &c. 

To con^der which more generally, we may take the powers of any number a, as placed in 
the following order : — 

I, II. Ill, IV, V, VI, 
a, aoj aaOi aaaa^ aaaaat aaaaaOf &c. 

But in this mode of writing powers there is much inconvenience, because of the trouble of 
coimting the figures and letters ; for the purpose of ascertaining the powers intended to be 
represented, as, for example, the inconvenience of representing the hundredth power would 
be so great as to incumber almost to impossibility the expression of it. To avoid this 
inconvenience, an expedient has been devised which is sufficiently convenient, and which we 
have now to explain. To express, for example, the hundredth power of a, we write just 
above it to the right the power in question ; thus, means, conventionally, a rmsed to the 
hundredth power. The number thus writt^ above that whose power or degree it repre- 
sents is called an exponent, from its expounding the power or degree to which the number is 
to be raised, which, in the example we have adduced, is 100. Thus, then, represents the 
square or s^ond power 'of a, which, as we have seen, may be also represented by aa, either 
of these expressions being understood with equal focUity. To express the cube or third 
power of a or aaa, is written, by which mode less room is occupied. So a*, a^, a^, &c. 
respectively represent the fourth, fifth, and sixth powers of a. We may in th^ manner 
represent a by ai, which, in fact, shows nothing more than that this letter is to,be written 
ocdy once. Such a series of powers as we here have noticed is called also a geometrical 
progression, because each term is once greater than the preceding. 

^9. As in this series of powers each term increases by multiplying the preceding term 
by a, thereby increasing the exponent by 1, so where any term is given the preceding one 
may be found if we divide by a, because it diminishes the exponent by 1 ; thus showing 
that the first term must necessarily be ^ or 1 ; hence, if we proceed according t<^ the 
exponents, we immediately perceive that the term which precedes the first must be aP, from 
which follows this remarkable property, that a9 is always equal to 1, however great or 
small the value of the number a may be, even if a be nothing. 

610. The series of powers may coutinued in a retrograde order, and in two different 
ways : first, by dividing continually by a ; and, secondly, by diminishing the exponent by 
unity. In either mode the terms will be equal, Ihe decreasing series, exhibited in 
both forms, is shown in the subjoined table, which b to be read from right to left. 



1 

1 

I 

1 

1 

1 













aaaaaa 

aaaaa 

aaaa 

aaa 

aa 

a 



Fmtt - 

1 

1 

1 

1 

1 

1 




a* 

. 

aS 

a* 

a3 

a« ■ 

a 



Seomd - 

a— 6 

a— 5 


a“3 

a-9 

a“* 

oo 

at 


Thus we come to the knowledge of powers whose exponents are negative, and are able to 
assign the precise value of those powers. And hence, from what has b^n said, it will be 
apparent that 


aO 

n*" * 


1 

1 


a 


-♦ 


a"3 


b equal to 


1 1 
— or -X 
aa 

1 


o““' 


a3 




a* &c. 


Thb gives us the facility of finding the powers of a product ah ; for they must be evidently 
ah, or a*6^, a^bS, a^b^, a^b*, &c. ; and the powers of fractions are found in tlie same 

manner ; for example, those of | are 
■■ a* a'-* ^ a* 

m' P' 6 ’ 
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lilie only matter remaining, then, is the consideration of the powers of negative nmnbers. 
Take, for example, the powers of —a, and they will form the following series : — 

— a, +aa, — +o'*, —a®, +a8, &c. ; 

in which we immediately perceive, that those powers are negative wh<^ exponents are odd 
numbers, and that the powers with even numbers for exponents are positive. Thus the 
third, fifth, seventh, ninth, &c. powers have the sign — ; and the second, fourth, sixth, 
eighth, &c. powers are affected by the sign + . 

CALeULATXOX OF FOWEUS. 

611. The Edition and subtraction of powers is effected by means of the signs + and ~ 
when the powers are different; for example, a^+^^is the sum of the third and second 
powers of a ; and a^—a* is the remainder when the fourth power of a is subtracted from 
the fifth ; neither of which results can be abridged. If the powers are of the same kind 
or degree it is not necessary to connect them by signs, thus aS +a3 makes 2a3, &c. 

612.. But in the multiplication of powers, we must observe, first, that any power of a 
multiplied by a, gives the succeeding power, that is to say, the power whose exponent is one 
unit greater. Thus multiplied by a produces a* ; and multiplied by a produces a*. 
Similarly, if it be required to multiply by a, the powers of that number having negative 
exponents, 1 must be added to the exponent. Thus, a multiplied by a produces or 1 ; 
and this becomes mc^t clearly seen by considering that a~^ is equal to^and that the 
product of ~ being it is consequently equal to 1. So a— 2 multiplied by a produces 
or - ^ and a~~^ multiplied by a produces and so on. 

613. If it be required to multiply a power of a by ua or the second power, the exponent 
then becomes greater by 2. Thus the product of by is ; that of a® by is ; 
that of o® by is ; and, generally, a” multiplied by makes a**‘*‘^. In the case of ne- 
gative exponents, or a is the product of by o^. For a~^ being the same as i, it is 
just the same as if we had divided oa by a ; hence the product required is ^ or a. In the 

same way, a~~^ multiplied by c? produces or 1, and a~^ multiplied by a® produces 
It is equally clear that to multiply any power of a by a5, its exponent must be increased by 
three units, consequently the product of a” by is a”’*'®. And as often as it is required 
to multiply two powers of a, the product must be a power of a whose exponent is equal to 
the sum of those of the two given powers. For instance, multiplied by will make o^, 
and multiplied by a7 produces &c. 

614. On the principles here exhibited, it is easy to determine the highest powers. Thus, 
to find the twenty-fourth power of 2, multiply the twelfth power by the twelfth power ; 
because is equal to 2^2 x 2*2. But we have already seen that 2*2 is equal to 4096 ; 
hence the number 16777216, being the product of 4096 by 4096, is 224, tbe required 
power of 2. 

615. In division we must observe that to divide a power of a by a the exponent must be 
diminished by unity. Thus divided by a gives ; a® or 1 divided by a is equal to 

or - ; cT^ divided by a gives a“^. So, if we have to divide a given power of a by a*, 
the exponent must be diminished by 2, and if by a3, three units must be subtracted from 
the exponent of the power proposed ; and, generally, if it be required to divide any power 
of a by any other power of jh the rule is to subtract the exponent of the second from the 
exponent of the first of those powers. Thus a*® divided by gives a? ; a® divided by a® 
will ^ve So divided by will give 

616. It is not difficult, then, from what has been said, to find the powers of powers, 

for it is effected by multiplication. Thus, if we have to seek the square or second power 
of a% we find a% and for the cube or third power of we have a* 2 . To obtain the square 
of a power it is only necessary to double the exponent ; for its cube, to triple the exponent, 
and ^ on. Thus is the square of a”, is the cube of a”, and the sev^th power of 
a” is The square of a®, or square of the square of a, being a\ is hence called &t- 

quadrate. The square of is a® ; hence the sixth power has received the name of the 
square-cubed. To conclude, the cube of being a^, the ninth power has received the 
name of the cttho^cube. 


ROOTS RELATIVELY TO POWERS IN GENERAL. 

617. The square root of a given number is a number whose square is equal to that 
number ; the cube root, that whoso cube is equal to the given number : hence, whatever 
number be given, such roots of it will exist that their fourth, tlicir fifth, or any other 
power, wiir be equal to the given number. For distinction sake, we shall call the square 
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root the second rooi, the cube root the third rooU the bi-quadrate the fourth root, and so on. 
As tile square or second root is marked by the sign , Mid the cubic or third root by the 
Mgn ^ ; so the fourth and fifth roots are respectively marked by the signs ^ and 4', and 
so on. It is evident, according to this method of expression, the sign of the square root 
sl^ould be ; but by common consent the figure is always left out ; and we are to recol- 
lect that when a radical sign has no number prefixed to it, the square root is always me^t. 
To give a still better explanation, we here subjoin some different roots of the number a, with 


their respective values : — 


a/o’ 


fad ■ 

r 



3d 


X/a 

"is the- 

4th 

-root of - 

X/ a 


5th 


X/a\ 


6th_ 



and so on. 


And so, conversely. 


The 

ad 1 


' v'o* 

r 

The 

3d 




The 

4th 

"power of - 

X/a 

►is equal to- 

The 

5th 


X/a 


The 

6th 



1. 


and so on. 


618. Whether a be a gmall or a great number, we know what value to affix to all these 
roots of different degrees. If unity be substituted for a the roots remain constantly 1 ; for 
all powers of 1 have unity for their value- But if the number a be greater than 1, the 
roots will also all exceed unity ; and further, if a represent a less number than 1, all the 
roots will be less than unity. 

619. When the number a is positive, from what has been before said of square and cube 
roots, we know that all the other roots may be determined, and that tftey will be real and 
possible numbers. But if the number a is negative, its second, fourth, sixth, and all even 
roots become impossible, or imaginary numbers ; because all the powers of an even order, 
whether of positive or of negative numbers, are affected by the sign + ; whereas the third, 
fifth, seventh, and aU odd roots become negative, but rational, because the odd powers of 
negative numbers are also negative. Hence an inexhaustible source of new kinds of surd 
or irrational quantities ; for, whenever the number a is not a power represented by some 
one of the foregoing indices, it is impossible to express the root either in whole numbers or 
fractions, and it must therefore be ranked among the numbers called irrational. 


THE REPEESENTATION OF POWERS BY FRACTIONAL EXPONENTS. 

620. In the preceding subsections we have seen that the square of any power is found by 
doubling its exponent, and that in general the square or second power of o” is a®”. Hence 
the converse, that the square root of the power is found by dividing the exponent of 
that power by 2. Tims the square root of is a* ; that of a® is a3 ; and as this is general, 

the square root of is necessarily a^, and that of is Thus we have a® for the square 
root of a^, and hence is equal to Va ; a new method of expressing the square root, which 
requires our particular attention. 

621. To find the cube of a power, as a”, we have already showp that its exponent must 
be multiplied by 3, hence its cube becomes ; and, conversely, to find the third or cube 
root of the power a^, we have only to divide the exponent by 3 ; hence the root is 
Thus, also, or a is the cube root of a^, that of a% that of and so on. The 
same reasoning is applicable to those cases in which the exponent is not divisible by 3 ; for 

it is evident that the cube root of is a^, as the cube root of is a3 or a}^K Hence the 
third or cube root of a or will be aK which is the same as X/a. 

622. The application is the same with roots of a higher degree : thus the fourth root of 

a will be a^, which expression is of the same value as The fifth root of a will be 

a^, which is equivalent to ^a, and so on in roots of higher degree. It would be possible, 
therefore, to dispense altogether with the radical signs, and to substitute fractional ex- 
ponents for them ; but as custom has sanctioned the signs, and as they are met with in all 
works on algebra, it would be wrong to banish them altogether from calculation. There 
is, however, sufficient r^son to employ, as is frequently done, the other method of calcu- 
lation ; because it clearly corresponds with the nature of the thing. Thus, in fact, it is 
manifest that a* is the square root of a, because we know that its square is equal to a* or a. 

623. What has been said will be sufficient to show how we are to understand fractional 

exponents ; thus, if should occur, it means that we are first to take the fourth power of 
a and then extract its cube or third root, and hence is the same as Again, to find 
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the value of the cube or third power of a or a* must first be taken, and the fourth root 

of that power extracted, so that is the same as So is the same as v' a*, &c. But 

when the fraction which represents the exponent is greater than unity, the value of the 

5 . . . 

given quantity may be otherwise expressed. Let it, for instance, be a^; now this quantity is 
equivalent too** which is the product of a* by a^. Now is equal to ^/a, wherefore 

a 5 is equal to So a®, or a ^ is equal to a^^a; and a’, that is, expresses 

c* 4^0®. From these examples the use of fractional exponents may be properly appreciated. 
This, however, extends also to fractional numbers, as follows. 

624. Suppose ^ is given, we know that it is equal J now we have already seen 

that a fraction of the form ~ may be expressed by a~~** ; and instead of we may use 
the expression a~~^. Also, is equal to a~^. So let the quantity ^^3 be proposed, 
it is transformable into — , which is the product of by a~^, and this is equivalent to 


a|, or to or, lastly, to a/o®- These reductions will be facilitated by a little practice. 

625. Each root may be variously represented, for v^a is the same as and J being equi- 
valent to the fractions ^ &c., it is clear that s/a is equal to to to 

and so on. Similarly, is equal to and to ^a-, to^aS, and to It is, 

moreover, manifest, that the number a, or u* might be represented by the following radical 
expressions : 

4'aS &c. 


a property of great use in multiplication and division ; for, suppose we have to multiply 
by ^a, we write for y$^a, and instead of thus obtaining the same 
radical sign for both, and the multiplication being now performed, gives the product V^a®. 
A similar result arises from the product of multiplied by a^, for ^ + J is and, con- 
sequently, the product required is uS, or If it were required to divide Va or al by 

or aj, we should have for the quotient ai—J, or ai”i, that is, oj, or v^a. 


aorcHODS or calculation and their mutual connection. 

626. In the foregoing passages have been explained the different methods of calculation 
in addition, subtracrion, multiplication, and division, the involution of powers, and the 
extraction of roots. We here propose to review the origin of the difierent methods, and to 
explain the connection subsiding among them, in order that we may ascertain if it be 
possible or not for other operations of the same kind to exist ; an inquiry which will illus- 
trate the subjects that have been considered. We shall, for this purpose, here introduce a 
new sign =, which means that equality exists between the quantities it is used to join, 
and is read equal to. Thus, if I write a=s&, it means that a is equal to 5; and so S x 8 
^24. 

627. Addition, the process by which we add two numbers together and find their sum, 
is the first mode of calculation that presents itself to the mind. Thus if a and h be two 
given numbers whose sum is expressed by c, we shall have a + 6=c. So that, knowing the 

numbers a and 6, we are taught by addition bow to find the number c. Recollecting 
this comparison a-i-6=c, the question may be reversed by asking in what way b can be 
found when we know the numbers a and c. Let us, then, ascertain what number must be 
added to a that the sum may be c. Now, suppose, for instance, u=3, and c=8, it is 
evident we must have 3 + 6=8, and b will be found by subtracting 3 from 8. So, gene- 
rally, to find b, we must subtract a from c, whence arises 6 = c~a ; for, by adding a to both 
sides again, we have 6 + a=c— a + a, that is, as was supposed, =c. And this is the origin 
of subtraction, being, indeed, nothing more than an inversion of the question from which 
addition arises. Now it is possible that it may be required to subtract a greater from a 
lesser number ; as, for example, 9 from 5. In this case we are furnished with the idea of 
a new kind of numbers, which are called negative numbers, because 5 — 9 = — 4. 

628. If several equal numbers are to be added together, their sum is found by multipli- 
catioi^ and is called a product. Thus ab expresses the product of the multiplication of a 
by 6, or from a being added to itself 6 times. If this product be represented by c, we have 
ah—e, and we may, by the use of multiplication, determine the number c where the num- 
bers a and h are known. Suppose, for example, a = 3, and c = 1 5, so that 36 = 1 5» we 
have to ascertain what number 6 represents, merely to find by what number 6 is to be 
multiplied, in order that the product may be 15, for to that is the question reduced ; and 
this is division; for the number sought is found by dividing 15 by 3 ; hence, in general, 
the number 6 is found by dividing c by a, whence r^ults the equation 6=-. 
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Bu^ frequently, the number c cannot be actually divided by the number a, the letter b 
having a determinate value; hence a new kind of numbers, called fractions, arises. For, 
suppose 0=4, c=S,so that 46=3, in this case 6 cannot be an integer, but must be a fraction, 
and we shall find that h can be no more than Multiplication, then, as we have seen, an^ 
from the addition of equal quantities ; so, from the multiplication of sever^ equal quantities 
together, powers are derive^ and they are represented in a general manner by the expres- 
sion a^ which signifies that the number a must be multiplied by itself as often as is pointed 
out by the number 6, which is called the exponent, whilst a is called the root, and o^ the 
power. If this power be represented by the letter c, we have o^=c, an equation in which 
are found the letters o, 6, c. In treating of powers, it has been shown how to find the 
power itself, that is, the letter c, when the root a and its exponent h are given. Suppose, 
for instance, a =4, and 6 = 3, we shall have c=4^, or the third power of 4, which is 64, 
whence c=64. If we wish to reverse this question, we shall find that there are two modes 
of doing it. Let, for instance, two -of the three numbers a, 6, and c be given. If it be 
required to find the third, it is clear that the question admits of three different supposi- 
tions, and hence, also, of three solutions. The case has been considered in which a and 6 
were the numbers ^ven ; we may therefore suppose, further, that c and a or c and 6 are 
known, and that it is required to determine the third letter. Now, it must be observed, 
that between involution and the two operations which lead to it there is a great difference. 
For when, in addition, we reverse the question, there was only one way of doing it, and it 
was of no consequence whether we took c and a or c and 6 for the given numbers, for it 
is quite indifferent to the result whether we write a + 6 or 6 + a. And it is quite the same 
with multiplica^on ; the letters a and 6 might be placed in each other*s places at pleasure, 
the equation a6=c being exactly the same as 6a=c. But in the calculation of powers, we 
cannot change the places of the letters ; for instance, we could on no account write b“ for 
a\ This we will illustrate by one example. Thus, let a = 4, and 6 = 3, we have a^=43 
=64. But 6‘’ = 3* = 81, two very different results. 

629. We may propose two more questions ; one to find the root a by means of the given 
power c, and the exponent 6 ; the other to find the exponent 6, the power c and the root a 
being knowp. The former of these questions has been answered in the subsection which 
treats of the extractions of roots : since, if 6=2, and 0 ^= 0 , we know that o is a number 

' whose square is equal to c, and consequently a = Vc. So, if 6 = 3 and a? = c, we know that the 
cube of u is equal to the given number c, and hence that a=^c. We conclude, generally, 
from this, how the letter a may be determined by means of the letters c and 6 ; for a roust 
necessarily be = fyc. 

630. We have already seen that if the given number is not a real power (a contingency 
of frequent occurrence), the required root a can be expressed neither by integers nor frac- 
tions ; nevertheless, as it must have a determinate value, the same consideration led us to 
the numbers called surd or irrational numbers, which, on account of the great variety of 
roots, are divisible into an infinite number of kinds. We were also, by the same enquiry, 
led to the knowledge of imaginary numbers. 

681. Upon the second question, that of determining the exponent by means of the 
power c and the root a, is founded the very important theory, of logarithms ; an invention so 
important that without them scarcely any long calculation could be effected 

1 . 0 GARITHM& 

632. Resuming, then, the equation aft=c, we in the doctrine of logarithms for 

the root a number taken at pleasure, but supposed to preserve its assumed value without 
variation. This being the case, the exponent 6 is taken, such that the power a® becomes 
equal to a ^ven number c, and this exponent h is said to be the logarithm of the number c. 
To express this, we shall use the letter L or the initial letters log. Thus, by 6=:L.c or 
6=l^.c, we mean that 6 is equal to the logarithm of the number c, or that the logarithm 
of c is 6. 

633. If the value of the root a is once established, the logarithm of any number c is but 
the exponent of that power of a which is equal to c. So that c being =a, 6 is the loga- 
rithm of the power of a . If we suppose 6 = 1, we have 1 for the logarithm of ; hence 
L.a = l. Suppose 6 = 2, we have 2 for the logarithm of ; that is L.a9 = 2. Similarly, 
L.a3 = 3, L.a‘*=4, Ii,a5=:5, and so on. 

634. If 6 be made =0, 0 must be the logarithm of oO; J)ut • consequently, 

L.1=0, whatever the value of the root a. If6= — l,then —1 will be the logarithm of 

Now ; therefore, L.^ = -1. So, also, L.-l= -2 ; -3 ; L.‘~= -4 ; &c. 

« a a‘ o* ' 

635. Thus, then, may be represented the logarithms of all the powers of a, and even those 

of fractions wherein unity is the numerator, and the denominator a piower of a. We see, 
also, that, in all those cases, the logarithms are integers : but if b were a fraction it would 
be the logarithm of an irrational number. For suppose b=^, then ^ is the logarithm of o*, 
or Otva; consequently we have and in the same way, L. L. 4/o=J,&c. 
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636. If it be required to find the lo^rithm of aiKtther number c, it will be readily seen 
that it csai neither be an integer nor a fraction. However, there must be such an ex- 
ponent hy that the power a* may become equal to the number proposed ; we have, there- 
fore, 6 = L.c, and, generally, a^®=c. 

637. If we consider another number d, whose logmnthm is represented in a similar man- 
ner by L.d ; then ; and multiplying this expression by the preceding one a^*^=c, 

we have The exponent being always the logarithm of the power L.c + L.d 

asL.cd. If, instead of multiplying, we divi^ the former expression by the latter, we 
obtain 5 ; hence L.c — L-d^L.^- 

a a 

638. From this we m'e led to the two principal properties of logarithms which are contmned 
in the equations L.e + L.d=Licd, and X^c — L.d=L.^: by the former whereof we learn 
that the logarithm of a product, as cd, is found by adding together the logarithms of the 
Actors ; by the last, that the logarithm of a fraction is determined by the subtraction of 
the logarithm of the denominator from that of the numerator. Whence it follows that to 
multiply or divide two numbers by one another, we have only to add or subtract their 
logarithms. This constitutes the immense advantage of logarithms in calculation ; for when 
a question is incumliered with large quantities, it is, of course, much easier to add or 
subtract than to multiply and divide. In the involution of powers and the extraction of 
roots, logarithnw are yet more useful. Thus, if ds=c, we have by the first property L.c + 
L.c = L.cc; consequently, L.ccas2L.c. Similarly, we have L.c3 = 3L.c, L.c4=4L.c, and, 
generally, L.c*=nL.c. 

Substituting fractional numbers for n, we ^all have, for example, L.c^, that is Lv'c 
«- JL.C. Lastly, if n represents negative numbers, we have L.c“' or L. — L-c ; L.c~^ 
orL.^=2L.c, and so on. For this not only follows from the equation L.c”=n L-c, but 
also from L.l =0, as we have before shown. 

In tables of logarithms which are calculated for all numbers, great assistance is rendered 
in performing the most prolix calculations. Suppose, for instance, the square root of the 
number c is sought, having found the logarithm of c, which is L.c, we have only to (Hvide 
it by 2, that is, take the | of it, and we have the logarithm of the square root required ; 
and the number in the table answering to that logarithm is the number required. 

We have seen that the numbers 1, 2, 3, 4, 5, 6, &c., that is, all positive numbers, are 
logarithms of the root a, and of its positive powers, and consequently logarithms of numbers 
greater than unity; and, on the other band, that negative numbers, —1, —2, &c., are 
logarithms of the fractions &c. , which are le^ than unity, but, nevertheless, greater 

than nothing ; from whence it follows, that if the logarithm be positive, the number is 
always greater than unity, but, if negative, the number, thorigh less than one, is yet greater 
than O. Thus we cannot express the logarithms of negative numbers, and mu^ conclude 
that they are impossible, and belong to the class of imaginary quantities. That this may 
be better understood, let us fix on a determinate number for the root a, such, for instance, 
as the number 10, on which the common logarithmic tables are formed, and which is, more- 
over, the basis of our arithmetic. Any other number, however, provided it be greater 
than unity, would answer the same purpose. The reason why the a — 1 would not suit is, 
that all the powers would be but equal to unity. 


LOGARITHMIC TABLES KOW USED. 

639. We set out with the supposition that the root a = 10. Then the logarithm of 
any number c is the exponent to which the number 10 must he raised, so that the power 
resulting from it may be equal to the number c ; or if we denote the logarithm of c by Lc, 
we shall always have 10L.c=c. 

The Teller will recollect that the logarithm of 1 is always 0, and we have 10*^ = 1, 
Hence — 

L.1=0, L.10 = l, L.100 = 2, L.1000 = 3, L.10000=4, L.100000 = 5, L. 1000000=6, &c. 

Further, that 

The logarithms of the principal numbers are therefore readily determined ; but those 
between them, as inserted in the tables, are not so easy to find- Our object here, however, 
is only a general view of the subject, with which we shall proceed- And, first, since 
L.1 =0 and L. 10=1, it is manifest that the logarithms of all numbers between 1 and 10 
lie between O and 1, that is greater than O and less than 1. Let us, then, consider the 
number 2, wh<»e logarithm is certainly greater than 0, and yet 1^ than unity. Now, if 
we reprint this logarithm by the letter Xy so that L.2=ar, the value of x must be such as 

R 4 
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to eiactly'lOjraS. We immediately see that x must be considerably less than or, 
which is the same thing, 10^ is greater than 2. For, squarii^ both ddes, the square 
of 10^=10^, and that of 2^4, which latter is much less than the former. So J is still too 
great a v^ue of or, that is to say, 10^ is greater than 2 ; for the cube of 10^ is 1(^ mid that ' 
^ 2 only 8. On the contrary, by making ar— we give it too small a value ; for tiie fourth 
power of 10 being 10, and that of 2 being 16, it is evident that 10^ is less than 2 : x then, 
or L. 2, is less than J, and yet greater than In the same way we may determine, with 
.e^ect to every fraction contsuned between j and ^ whether it be too great or too small. 
Trying, for example, with ^ which is a tnde less than and greater than ^ ; 10* or 10? 

must sk2, or the seventh power of 10?, that is to say, 10® or 100 must be equ^ to the 
seventh power of 2; now the latter *=128, and is consequently greater than the former. 
Hence we infer that lof is also less than 2, and therefore that f is less than L.2, and that 
L.2, which was found less than is, however, greater than We might proceed in th i s 
investigation, but it is here unnecessary ; because, from what has been shown, we prove 
that L.2 has a determinate value ; but continuing to represent it by x, so that 1^2^= jr, we 
will show that when once knovm, the logarithms of an infinity of other numbers may be 
deduced. For this purpose we will use the equation already mentioned, I^cd=a=L.c + 'Ld, 
which comprehends the property, that the logarithm of a product is found by adding the 
logarithms of the &ctors. 

640. First, as and L.10=*l, we have L.20=«+l ; L.200 = ar-(-2, L.2000=. 

x + 3; L.20000*ar + 4 and L. 200000«ar + 5, &c. 

Further, as L*c®=2L.c, and Ij.c3=3Ij.c, and L.c^ — 4L.c, &c., we have L.4=2ar; 
L.8=s:3jr; Ii.l6 = 4^; lj.32— I*64=6 j:, &c. ; and from this it follows, that l,.40=s 
2jr + l; L400=2* + 2; I,.4000= 2x + 3 ; L.40000 = 2jr + 4, &c. Also, L.80=3ir + 1, 
L80O = 3x + 2, L.8000 = 3x + 3, L.80000 = 3x+ 4,&c. So L.160=4x + 1, L.1600=4x + 2, 
l4.16000 = 4x + 3, &c. Resuming the other fiindamental equation L-j^sL-c — L-di let us 
suppose c=10, and d=2. Smce L10=1, and L.2=x, we shall have h.'^ or L.5s:l — x, 
from which the following equations are deduced ; — 

L.50=2-x; L.50O = 3-x; L.S000= 4— x, &c. 

L.25 = 2-2x; L.125 = 3-3x; L.625 = 4-4x, &c. 

L.2S0 = 3-2x; L.2500 = 4-2x; L.25CXX) = S -2x, &c. 

L.1250=4-3xj L.12500=5-3x; L. 125000 =6 - 3x, &c. 

L.6250=:S-4x; L.62500=6-4x; L.625000 = 7 - 4x, &c. 

and so on. 

^ If we knew the logarithm of 3, we could determine another vast number of loga- 
rithms. For example: let the L.3 be expressed by y. Then L.30=y+i j I,.300 = m 
+ 2; L.3000=y + 3, &c. ; and L.9 = 2y; L.27 = 3y; L.81 =4y ; L.243=Sy, &c. : as also 
L.6 = x+y; L .12 = 2 x+y; L.18 = x + 2y, and L.15 = L.3 + L.5=y + 1 -x. 

From all this it is evident, that once knowing the logarithms of the prime numbers, 
the logarithms of all other numbers may be found by simple addition. Take, for example, 
the number 210, which is formed by the factors 2, 3, 5, 7, its logarithms will be L.2 + 1..3 
+ L.5 + I.7. In the same manner the number 360= 2 x 2 x 2 x« x 3 x 5=23 x 3® x 5 • 
hence the L.360=3L.2 + 2L.3 + lj.5. It is therefore to the logarithms of the prime num- 
bers that we must first apply ourselves, if we desire to construct tables of logarithms. 


METHOD OF EXFUESSING LOGARITHMS. 

641. It has been shown that the logarithm of 2 is greater than 3 and less than i, mid 
that therefore the exponent of 10 lies between those two fractions, in order that the ™wer 
may b^me = 2. But, although this is known to us, whatever fraction is assumed this 
condition, the power resulting from it will always be an irrational number greater or less 
than 2 ; the logarithm, therefore, of 2 cannot be accurately expressed by such a fraction : 
hence we must be content- with such an approximation to it as will render the error of no 
importance. For this purpose decimal fractions are used, which we shall now expl^ 

642. In the ordinary way of writing numbers by means of the ten figures or characters 

0, I, 2, 3, 4, 5, 6, 7, 8, 9, 

the first figure on the right hand is the only one which has its natural signification ; the 
figures in the second place have ten times the value they would have had in the first ; 
those in the third place have a hundred times the value, and those in the fourth a thousand 
times, and so on ; so that in proportion as they advance towards the left, they acquire a 
vdue ten times greater than they Iiad in the preceding rank. Thus, in the number 1849, 
the fi^re 9 is in the first place on the right, and is just equal to 9. ITiat in the second 
place IS 4, but this figure, instead of 4, represents 10 x 4 or 40 The figure 8 in the third 
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place is equal to 100 x 8, or 800. Lastly, the 1, which is the fourth to the left, is equal to 
1000, hence the number is read as follows, — 

One thousand eight hundred and forty-nine, 

6*13. As the Talue of figures becomes in each rank always ten times greater as we go from 
the right towards the left, and as it continually becomes less as we proceed from the left 
to the right, we may by this law advance still further towards the right, and obtain figures 
whose value may continually decrease and become ten times less ; but where this occurs, 
the place where the figures cease to have their natural value will continue to become ten 
times less. In this case, however, the place where the figures have their natural value is 
marked by a point placed after that rank, 'fhus, for instance, we meet with the number 
54*76938, it must be thus understood : — the figure 4 in the first place has its natural 
value, and the second 5 means 50 ; but the figure 7 which comes after the point expresses 
only ; the figure 6 is equal only to ; the figure 9 is eqiial to jjgjg ; the figure 3 to 
and the figure 8 to ; thus the more these figures advance towards the right, the 
more their values diminish, till at last those values become so small, that they may at last be 
considered as nothing. This species of numbers, then, are what are called decimal fractions, 
and in this way logarithms, are represented in the tables. Thus the logarithm of 2 is ex- 
pressed by 0*3010300, wherein we perceive, as the logarithm does not contain an integer, 
that its value is ^ + ToSjg + + tirs&oo- Th® ciphers might 

have been omitted ; they, however, serve to show that the logarithm quoted contains no 
parts which have 1000000 and^ 10000000 for the denominator. It is possible, however, 
that by continuing the series, smaller parts might have been found, which are neglected, 
except in extraordinary cases, on account of their extreme minuteness. 

644. The logarithm of 3 is known by the tables to be 0*4.771213, and, containing no in- 

teger, consists of the following fractions : — ^ ^ -i- 

This logarithm is, however, not expressed with the utmost exactness j we are only certain 
that the error is less than one so small, that there are few calculations in which it 

may not be neglected. 

645. By this method of expressing logarithms, that of 1 will be represented by 

0*0000000, since it is really =0. The logarithm of 10 is 1 *0000000, or exactly =1. The 
logarithm of 100 is 2*0000000, or exactly =2. Hence the logarithms of il numbers 
between 10 and 100, and, consequently consisting of only two figures, must be compre- 
hended between 1 and 2, and are, therefore, expressed by 1 + a decimal fraction. Thus 
L.50 « 1 *6989700 ; its value, therefore, is unity added to fg + + ^ + So it 

must be evident that between 100 and 1000 the logarithms of numbers are expressed by 
two integers with a decimal fraction; the logarithms of numbers between 10000 and 
100000 by four integers Joined to a decimal fraction, and so on. The loy. 600, for example, 
is =2*7781513 ; that of 2460 is 3*3909351, &c. But the logarithms of numbers less than 
10, or those expressed by a single figure, do not contain an integer, and for this reason we 
find an 0 before the point. Hence there are two parts of a logarithm which require con- 
sideration : the former, that which precedes the point, and denoting the integers, if any ; 
the other, the decimal fractions to be added to the integers. The first part, or integer, of 
a logarithm, usually called the characteristic, is easily determined from what has been 
already shown, — that is, it is 0 for all the numbers having but one figure ; 1 for those 
which have two ; 2 for those which have three, and generally less by one unit than the 
number of figures. Hence, if the logarithm of 5682 be required, we immediately perceive 
that the first part, or that of the integers, must be 3. So, reciprocally, when we see the 
integers of a logarithm, since the number it expresses is greater by one unit than the 
integer of the logarithm, we know, at once, the number answering to it. Thus, having 
4*4771213 for the logarithm of an unknown quantity, it is evident that the number must 
have five figures, and exceed 10000. Now this number is 30000 for log. 30000 = L. 3 + L. 
10000. Now the logarithm of 3 is known to be equal 0*4771213, and the logarithm of 
10000 = 4, and the sum of those logarithins = 4*4771213. 

646. From this it will be seen that the first object in considering a logarithm is the 

decimal fraction following the point, because, wlien that is known, it will serve for several 
numbers. For the proof whereof let us take the number 456. Its first part must be 2 ; 
and if we represent the decimal fraction which follows it by ar, we have L. 456 = 2 + a*. 
If we continue to multiply by 10, we find L.4560 = 3 + ar; L.45600~4 + ar ; 
L. 456000 = 5 + x, and so on. But, if we divide instead of multiply by 10, we shall 
have 45*6 = 1 +a:; L.4*56 = 0+a*; L.0-456 = -1 + a: ; L.0-0456 = -2 + x ; 

L.0*00456 = — 3 + x, and so on. 

647. Thus, all the numbers arising from the figures 456, whether preceded or followed 
by ciphers, have the same decimal fraction for the second part of the logarithm, and 
their differences lie in the integer before the point, which becomes negative when the 
number is l^s than i. As ordinary calculators have diflSculty in the use of negative 
numbers, it is customary to increase the integers of the logarithm by 10, or to write 10 
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instead of 0 before the point : by which proce^ instead of — 1 we have 9 ; instead of — 2 
we have 8 ; instead of — S we have 7, &c. But, under these circumstance, it must be 
recollected that the characteristic has been made ten units too great ; nor must we a^ume 
that the number consists of ten, mne, or eight figures. We may easily see, in the case in 
question, that if the characteristic be less than 10, the figures of the number must be 
written after a point. If the characteristic be 9, we must begin at the first place after a 
point ; if it be 8, we must also place a cipher in the first row, and not begin to write the 
figures till the second. Thus 9*6589648 would be the logarithm of 0*456, and 8*6589648 
the logarithm of 0*0456. This manner of using logarithms is, however, chiefly confined 
to the use of tables of sines. 

648. Ordinary tables do not carry the decimals of logarithms further than seven places 
or figures, the last whereof must consequently represent the roowgogth part, and we know 
that they do not err even by so small a part ; the error, therefore, is of no importance in 
ordinary cases. But there are cases, though of no importance in our application of their 
use, in which still greater exactness is required, and in such cases ordinary tables are not 
suited to the case. 

649. From the circumstance of the characteristic being known at a glance, the tables 
never give it, but are restricted to the seven figures of the decimal fractions. There are 
tables wherein the logarithms of all numbers from 1 to 100000 and even those of greater 
numbers are given, by means of small additional tables, showing what is to be added in 
proportion to the figures which the proposed numbers have more than those in the tables. 
But from what has been said, we think the use of them will not be difficult j and, supposing 
such tables before the reader, we propose the multiplication of the numbers 2401 and 343. 
The addition of the logarithms of these numbers will, from what has been shown, give the 
product, as follows : — 

L. 343 = 2*53529411 ,, , 

L.2401 = 3*3803922 

5*91568631 , 

6347 ] subtracted, 

16 

Hence the number sought is 823543. For the sum is the logarithm of the product 
required, and its characteristic 5 exhibits a product composed of 6 figures, and they are 
found, by the decimal product and the fraction, to be 823543. 

650. But it is in the extraction of roots that logarithms are most serviceable ; for 
example, if we have to extract the square root of 10, we have only to divide the logarithm 
of 10, which is 1*0000000, by 2, the quotient 0*5000000 is the logarithm of the root 
required, which, in the tables, answers so nearly to 3*16228, whose square answers to 10 
so nearly, that it is only one hundred thousandth part too great. 

651. The operation, in addition, of expressions consisting of several terms is frequently 
represented merely by signs, each expression being placed between two parentheses and 
connected with the rest by means of the sign + . Thus, to add the expressions a + 5 + c 
and d-k-e+f the sum is thus represented : — 

(a + fe + c) + (d + e +/). 

This, however, is rather representing than performing addition ; but, if the parentheses 
are left out it is then actually performed ; for, as the number d + e +/ is to be added to the 
other, it is to be done by joining to it +d, then + e, and then +/ If any term is 
affected by the sign it must be joined in the proper way with that sign. To illustrate 
this, let us consider an example in pure numbers ; for example, 16 —9 to 13—5. If we 
begin by adding 16, we shall have 13-5 + 16. But this was adding too much, since 
what was to be added was 16 — 9, and it is therefore clear that we have added too much 
by 9 ; we must, therefore, take away the 9 by writing it with the negative sign, and thus 
we shall have the true sum — 

13-5 + 16-9, 

which shows that the sums result from writing all the terms each with its proper sign. 

652 If, therefore, it were required to add the expression d — c— / to a — 6 + c, the sum 
must be expressed as under : — 

a — 5 + c + d— e— 

wherein it is of no importance in what order we write the terms, if their proper signs be 
preserved ; the sum, for example, might be written 

c— « +a— /+rf-6. 

Hence it will be seen that addition is attended with no difficulty, be the forms of the terms 
to be added together what they may. Thus, suppose we wished to add the expressions 
2a3 + (U/b — 4L. c, and 5 \^a — 7c, they would be written 
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2o3 +6v^— 4L.tf+5 v^a— 7c, 
or in any other ordor, provided the proper s^ns are retained. 

653. But it is often pc^ible to abrid^ the representation of thes^ as when two or 
more terms destroy each other ; thus, if in the same sum are found the terms + a <— a, or 
3a**4a + 0 , or when two or more terms may be reduced to one : thus,— - 

3a + 2as=5a; 76— 36= +45; 

— 6c + 10c= + 4c; 

5a — 8a= — 3a; —7+5= —66 ; 

* — 3c— 4c=— 7c; 

2a— 5a + a=“2a; —35 — 56 + 25= —65. 

If, therefore, two or more terms are the same with regard to letters, their sum may be 
abridged ; but such cases must not be confounded with such as 2aa + Sa or 253 — 54, which 
cannot be abridged. 

654. By considering some more examples of reduction, we shall be led to the discovery 
of an important point, — namely, that if we add together the sum of two numbers a + 6 
and their difference a— 6, we obtain twice the greater of those two numbers. For, in 
adding a + 5 and a —6, our rule gives a + 6 + a — 6. Now a +a=2a and 6— 5=0 ; the sum, 
therefore, is 2a. We here subjoin two examples: — 

3a — 26 — c a3 — 2aa6 + 2a66 

56— 6c+a — aa6 + 2a55 + 53 

Sum .. 4a + 36— 7c Sum . . aS — 3aa5 + 4a66 4 53 

THE SDBTRACTIOK OF COMPOUHn QUANTITIES. 

655. To represent subtraction each expression is inclosed within two parentheses joining, 
by the sign — , the expression to be subtracted to that from which it is to be subtracted. 
Thus, if d— c +f is to be subtracted from a— 5 + c, the remainder is written thus ; — 

(a— 6 + c)— (d— c+/); 

and this method sufficiently shows which of the two expressions is to be subtracted from 
the other. 

656. But if actual subtraction is to be performed, we must observe, first, that when we 
subtract a positive quantity + 6 from another quantity + a, we obtain 0 — 6; and, secondly, 
when we subtract a negative quantity — 6 from a, we obtain a + 6 ; for, to discharge the 
debt of a person is the same as to give him something. Suppose the expression 6— d is to 
be subtracted from the expression o— c, we must first take away 5, which gives a — c— 6. 
We have, however, taken away too much by the quantity d. Since we had to subtract only 
5 — restoring, then, the value of d, we shall have 

a — c — 5 + d: 

from which it is evident that the terms of the expression to be subtracted must change 
their signs, and with such contrary signs be joined to the terras of the other expressions. 

657. It is therefore, by means of t^s rule, easy to perform subtraction ; for it is only 
necessary to write the expression from which we are to subtract, and join the other to it, 
without any change but that of the signs. Thus, in the first example, where it was 
required to subtract the expression d — e +^ from a— 5 + c, we obtain o— 5 + c— d+e—/. 
This will be rendered quite clear by an example in numbers. for example, we subtract 
5—3 + 6 from 7 — 2 + 3, we obtain 

7_2+3-5+3-6; 

for 7 —2 + 3 = 8, also 5 — 3 + 6 = 8, now 8—8=0. 

658. Subtraction being then thus easily performed, we have only to observe that in 
the remainder, two or more terms are found entirely similar with regard to the letters, the 
remainder may be reduced to an abridged form by the rules for a similar purpose given in 
addition. Suppose we have to subti^t from a + 5 or the sum of two quantities their 
difference, or a — 5, we shall have a + 5 — a + 5 : now a — a = 0 and 5 + 5 = 25 ; the remainder 
is therefore 25, that is to say, double the least of the quantities. The following examples 
will further illustrate what we have said : — 

aa + a5 + 55 Sa — 45 + 5c + 3aa5 + 3a55 + 53 /%/a + 2V'5 

55 + a5— oa 26 + 4c— 6a a3 — 3aa5+ Sa56— 53 

+ 2aa 9a — 65 + c 6006 + 25® + 5 v'5 

THE MULTIPLICATION OF COMPOUND QUANTITIES. 

659. Merely to repres^t compound quantities, each of the expressions to be multiplieo 
tiigetber is placed within parentheses, and they are then to be joined together either with 
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or without the sign x between them. Thus, to represent the product of the two expres- 
sicMis a— 6 + c and d—c+/ when multiplied together, we write * 

(a — 6 + c)x (d— €+/); 

and mode of expressing products is much used, because it shows the factors whereof 
they are composed. To show, however, how any multiplication is to be actually conducted, 
let us for example such a quantity as a— 6 + c to be multiplied by 2 ; here each term 
is separately multiplied by that number, so that for the product we have 

2a — 26 + 2c; * 

and the same takes place with all other numbers. Suppose, for example, d had been the 
number by which we had been required to multiply, 

ad—bd+cd 

would have been the product obtained. 

660. We have here supposed that d was a positive number, but had the factor been 
negative, as — c, the rule formerly given must have been applied, namely, that unlike 
signs multiplied together produce and like signs produce + . We should therefore 
have had 

— ac + 6c— cc. 

661. To show the mode of multiplying a quantity A by a compound quantity d— c, it 
will be convenient to take for example one in common numbers : let A, for instance, be 
multiplied by 7— 3. Here it is manifest we have to take 4 A ; for if we first take A seven 
times, it will be necessary to subtract 3A from that product. In general, therefore, if we 
have to multiply by d— c, A must be farst raultipliea by d and then by e, and the last 
pr^uct must be subtracted from the first, whence we shall havedA — cA. Suppose A=ta 
—6, and that this quantity is to be multiplied by d— c, we shall have 

dA=ad— 6d 
eA^ae — 6c 

The product required =sad— 6d— ae + 6e. 

Since, then, we know without doubt the product (a— 6) x (d— e), we may now give the 
same example of multiplication under a different form ; thus 

a— 6 
d— c 


ad— 6d— ac + be; 

from which we learn that each term of the upper expression must be multiplied by each 
term of the lower ; and that, with regard to the signs, the rule often before given must be 
strictly observed. From what has been said, we presume no difficulty will arise in calcu- 
lating the following example, namely, to multiply a + 6 by a —6. 

a +6 
a —6 
aa +ab 
~ab~bb 

Product =oa — 66 

For a and 6 any determinate numbers may be substituted, so that out of the above ex- 
amples arises the following theorem ; viz. the product of the sum of two numbers multi- 
plied by their difference is equal to the difference of the squares of those numbers ; which 
may be thus expressed — 

(a + 6) X (a — 6) s= aa — 66 

From this last follows another theorem ; namely, the difference of two squai^ numbers is 
always a product, and divisible both by the sum and the difference of the roots of those 
two squares, consequently the difference of two squares can never be a prime number. We 
will DOW present to the reader some other examples : — 


a.) 2a -3 
a + 2 


(II.) 4aa--6a + 9 
2o + 3 


(III.) Son— 2a6— 66 
2a— 46 


2aa-.3a 8a3-12aa + 18a 

+ 4a-6 -12aa-18a + 27 

2aa+a — 6 


6a3 — 4aa6 — 2a66 

— 1 2aa6 + 8n66 4 463 


8a3 + 27 


6cfi — \6aab +6a66 +463 
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(IV.) aa + 2 a 6 + 256 
aa — 2 a 6 + 2bb 


(V.) 2 aa — 3a6--466 
Saa — 2 a 6 + bb 


a"* + 2a'^b + 2aabb 

— 2a^b — 4aabb — 4a&3 

+ 2aabb + 4ab^ + 4b^ 


6a* — 9a^b — 1 2aabb 

— 40^6 + 6aabb + 8 a 6 ^ 

+ 2aabb — 3ab ^ — 46 ^ 


a* + 454 


6a* — 1 3a35 — 4aabb + 5a53 — 454 


(VI.) aa + 55 + cc— a6— ac— 5c 
a + 5 + c 

a3 + ahb + acc — aab—aac—ahc 
+ aab + 53 + bee — abb — ahe — 55c 

+ €Lac + 55c + c3 — abc — ace — 5cc 

a3 — Sdbc + 53 + c3 


When more than two quantities are to be multiplied together, it will be obvious that, 
having multiplied two of them together, their product must be multiplied by one of 
the remaining ones, and so on. The order in which they are multiplied is a matter of no 
importance. Thus, suppose in common numbers the four following factors : — 

(I.) (II.) (III.) (IV.) 

(1+2) (1+2+4) (2-1) (2+1+4) 

Multiplying the factors I, and II,, we have 3 x 7 = 21. From factors III. and IV. we have 
1 X 7 = 7. Now, multiplying the product of I. and II. by the second product of III. and 
IV., we have 21 x 7 = 147. Let us now change the order by multiplying first I. and III. 
together, and then II. and IV. The first product will be that of 3x1=3, the second 
that of 7 X 7=49. Then 3 x 49 = 147, as in the first operation: and the same result will 
be produced in whatever order they are multiplied. 


THE DIVISION OF COMPOUND QUANTITIES. 

662. To represent division, we either use the ordinary mark of fractions, which is to 
separate by a line the dividend or numerator from the divisor or denominator : thus, to 
divide a + 6 by c + d, the quotient is thus represented ; or, the two quantities being 
enclosed within parentheses, we place two points between the divisor and the dividend : 
thus, (a + 5) : (c + d). Each of these expressions is read a + 5 divided 5y c + d. 

663. If it be required to divide a compound quantity by a simple one, each term must be 
divided separately. Thus, 1 Oa — 65 + 8c divided by 2 gives 5a — 35 + 4c ; and (aa — 4a5) * (a ) 
gives a — 45. So, also, (a3 — 2aa5 + 3a56) : (a)=aa — 2a5 + 355 ; (4aa5 — 6aac + 8a5c) : (2a) 
= 2a5 — 3ac + 45c ; (9aa5c — 12a55c + ISabcc) I (3a5c) = 3a — 45 + 5c, &c. 

664. If a term in the dividend is not divisible by the divisor, the quotient is represented 
by a fraction, as in the division of a + 5 by a the quotient is 1 + ^ ; so also, 

(aa-ab + bb) : (««) = ! -|+^- 

Likewise, if we divide 2a + 5 by 2, we obtain the quotient of a + 1 ; and here we must ob- 
serve, that, instead of | we may write J5, because ^ times 5 is equal to And, similarly, * 
is the same as ^6, and ^ the same as §5, &c. 

665. When the divisor is a compound quantity, division is not so easily performed ; and 
when it cannot be so performed, we can do no more than represent the quotient by a frac- 
tion in the manner already described. We will, however, begin with some examples in 
which actual division will succeed. Suppose we have to divide ac — 5c by a — 5: the 
quotient must, of course, be such that, when multiplied by the divisor a — 5, it will produce 
the dividend ac — bc. Now, this quotient must contain c, for, without it, we could not ob- 
tain ac. In order, then, to try whether c is the whole quotient, we have only to multiply 
it by the divisor. Now, in the present case, if we multiply a — 5 by c, we have ac—bc, 
which is the exact dividend, so that c is the whole quotient. It is equally clear that 
(aa + a5) ; (a + 5) = a ; (3aa — 2a5) ; (3a — 25) =a ; (6aa — 9a5) ; (2a— 35)= 3a, &c. Thus, 
then, we cannot fail to find a part of the quotient ; and if what we have found when multi- 
plied by the divisor does not exhaust the dividend, we have only to divide the remainder by 
the divisor, to obtain a second part of the quotient; and so proceed till we have found the 
whole of it. 

666. X^et us, as an example, divide aa + 3a5 + 255 by a + 5. In the first place, it is clear 
that the quotient will contain a, for without that terra we could not obtain aa. Multiply- 
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mg, then, the divisor a + 6 by a, we have aa + abj which quantity subtracted from the divi- 
dend leaves the remainder 2ab + 266. Dividing this by a + 6, it is evident the quotient 
must contain the term 26. Now, 26 multiplied by o + 6 produces exactly 2a6 4- 266, and 
therefore a + 26 is the quotient required, which, multiplied by the divisor a + 6, ought to 
produce the dividend oa + Sab + 266. Below, the operation will be seen more strikingly. 

a + 6)aa + Sab + 266(a + 26 
aa + ab 

2a6 + 266 
2a6 + 266 


O 


The operation is facilitated by choosing one of the terms of the divisor to be written first, 
and then, in arranging the terms of the dividend, begin with the highest powers of the 
first term of the divisor. This term was a in the preceding example ; and in the following 
examples it will be seen that the system is followed. 

(I.) a— 6)a® — 3aa6 + 3a65 — 63(aa — 2a6 + 66 (H-) a + 6)aa — 66(a — 6 

a? — a<i6 aa + ab 

— 2aab + 3a66 ^ah — hb 

— 2aah + 2a66 -^ah — hb 


abb — 63 0 

abb — 63 


0 

(HI.) 3a-26)18aa-866(6fl! + 45 
1 Saa — 1 2ab 

1 2a6 — 866 
12a6-866 

O 


(IV.) a + 6)a3 + 63(aa — a6 + 66 
a3 -f aab 

— oa6 + 63 

— aa6 — a66 

+ a66 + 63 
+ abb + 63 


(V.) 2a— 6)8o3-.fc3(4aa + 2a6 + 66 

8<i3 — 4aa6 

4aa6 — 63 
4aa6 — 2a66 

2a66 — 63 

2abb — bS 


O 

(VI.) aa — 2ah-t bb}a* ~ 4a36 + 6aa66 — 4a63 + 6-* (aa - 2a6 + 66 
a4 __ 2^36 + aabb 


— 2a36 + 5aabb — 4a63 

— 2a36 + 4aa66 — 2a63 

aa66 — 2a63 + 64 
aabb 2a63 + 64 


0 


O 

(VII.) aa — 2a6 + 466)a4 + 4aa&6 + I664(aa + 2a6 + 466 

a* — 2a36 + 4aabb 

2a36+1664 
2a36 — 4aabb + 8a63 

4aa66 — 8a63 + 1 664 
4aa66 — 8a63 + 1 gfrt 


0 
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(VIII.) aa — 2a6 + 2&6)a'*+46^(aa + 2afe4-265 

— 2a^b + 2adbh 

2a^b — 2aahh + 45^ 

2a^b — 4aa&& + 4ah^ 

2aabb — 4a63 + 4i4 
2aa66 — 4a53 + 45^ 

O 

(IX.) 1 —2x + xx)l —5£+ lOxar — 104:3 + Sar**— x3(l — 3a? + 34:4: — 

1 — 2a: + XX 

— 3a: + 9 xx — 1 Oa:3 

— 3a? + 6xt — 3a:3 

3x4? — 7x3 -}- 5^4 
3xx — 6x3 4 . Sx* 

— x3 4 2x^ — x^ 

— x3 4 2 x^— x3 

0 


THE RESOLUTION OF FRACTIONS INTO INFINITE SERIES. 

667. We have already said that when the dividend is not divisible by the divisor, the 
quotient is expressed by a fraction. Thus, if we have to divide 1 by 1 — a, we obtain the frac- 
tion 1 — We may, however, attempt the division and continue it at pleasure according 
to the rules given, and, though under other forms, the true quotient will be found. Thus — 


(I.) l-a)l 

1 —a 
remainder a 


(II.) or 1-0)1 (l+o + i^^ 
1 —a 


remainder aa 

To find a greater number of forms we need only continue dividing aa by I —a. 


(III.) 1— a)aa (“<* + 1^- 

oa — a3 


(IV.) thenl— a)a3 (a3 4:j^ 
a3 4 0** 


(V.) and, again, 1 —a^a* (a^ + 

a^-a^ 


All which shows that the fraction is equally represented under the following forms : 

(I-) i + (ii-) i + “+S; (III-) + (iv.) i+o + oa+os + j^, 

(V.) l4-a + oa + a3 + a‘* + Now, considering the first of these expressions, which is 

1 + j^, and remembering that 1 is the same as we have 

, a ^~^ _L ** ^ ^ 

^ I— 1— a”* 1— fl ”"1— a» 

and following the same proce^ with respect to the second expression, 1 + a + that is, 
if we reduce the integer part 1 + a to the same denominator 1 —a, we have which 

if + be added, we shall have ^ Is 

668. In the third expression, 1 +a + «a + the integer reduced to the denominator 
I —a make and if to that be added the fraction we have j— ; whence all these 
expressior^ are equal in value to the proposed fraction. Hence, without the trouble of 
further division, we may continue the series to any extent, for we shall have j:~ = 
1 + a + oa + a3 + a-t + a3 + a6 4 4 ; it may, indeed, be continued without end. On 
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this account it may said that the proposed fraction has been resolved into an infviite 
series ; and we arrive at the same time at the conclusion, that the value of this infinite 
series is the same as that of the fraction However astonishing this may seem, upon 

the consideration of some particular cases, it will be easily understood. Let us suppose 
that a — 1. The series will then become l+l + l + l + l+ l + l, &c., and the fraction 
to which it must be equal, become ^ which, we have before seen, is a number infinitely great, 
and herein it is satisfactorily confirmed. If a be equal to 2, the series becomes =1 +2 + 4 
+ 8 + 16 + 32 + 64, &c. to infinity, and its value must be = — 1 , which 

will perhaps appear absurd, until it is recollected that if we want to stop at any term of 
the series we must join the fraction which remmns. Thus, if we stop at 64, after having 

128 128 

written 1 + 2 + 4 + 8 + 16 + 32 + 64, we must join the fraction or — j, or — 1 28 ; we 
should therefore have 127 — 128, which is —1. 

669. These properties must be therefore considered when for a numbers greater than 

unity are assumed. But when a is less than 1 the whole becomes more intelligible. Thus, 
let a = we then have j^ = i = 2, which will be equal to the following series, 

1 +^ + J + J + ^ + g *2 + fi + ik» infinity. Now, taking only two terms of this series, 

we have 1 + ^, and it wants i that it may be equal to = 2. Take three terms, and it 
will want for the sum is then 1 Taking four terms, we have 1 1, and the deficiency is 
only Hence it is evident the more terms taken the less the difference becomes, and 
that if we continued on to infinity no difference would exist between the sum of the series 
and 2, the value of the fraction 

670. Leta = ^; the fraction will be = = which, reduced to an infinite 

series, becomes l+j + g + iV'^A + sfc &c., and to which is consequently equal. Taking 
two terms, we have 1^ J being still wanting. If three terms are taken, we have IJ, and ^ 
will still be wanting. Four terms give us 1 ^ and the difference is Since, then, the 
error continually becomes three times less, it will vanish at last. 

671. Let a = |; we shall have = = 3, and the series is 1 + § + ^ + 5^7 + gf + &c. 
Taking 1§, the error is 1 J ; if we take three terms, which are equal to 2J, the error is | ; 
with four terms, or 2 the error is Jf. 

672. If a=J, the fraction is = 1 J, and the series is 1 + j + j’g + ^ + &c. The 

two first terms =*1 -r | give for the error, and if we take one term more we have l^^j, or 
an error of only 

673. In the same manner, the fraction may be resolved into an infinite series by 
an actual division of the numerator 1 by the denominator 1 + c, as follows : — 

1 + a)l (1 — a + aa— 4 a* 

1 + a 


aa 
oa + 

— a3 
— a3— 


a* 

a* + a^ 

— a5, &c. 


So that the fraction is equal to the series 1 — a + aa — + a'*_a5 &c. 

674. If a = l, we have the following singular result: yp^ = 5 = l — 1 + 1 — 1 + 1 — l + 
1— 1, &c. to infinity. The result appears contradictory, because, if we stop at —1, the 
series gives 0, and if we finish by + 1, it gives 1. This, however, solves the difficulty, for as 
we must neither stop at —1 nor + 1, the sum can neither be 0 nor 1, but some quantity 
lying between these two, and therefore =^. 

675, If we mc.ke a = ^ the fraction will be yy| = §, which, consequently, expresses the 

value of the series, 1 + yg_^ + ^ &c. to infinity. If we take only the two lead- 

ing terms of this series, we have J, which is too small by If three terms be taken, we 
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have I, which is too much by ^ Of four terms, we have which is too small by &c. 
If a = the fraction will be to which is equal the series 1 — g + g— ^ + ^ — 5^3 + 

&c. continued to infinity. Taking only two terms, we have |, which is too small by ^ : 
three terms are equal to J, which is too much by Four terms are equal to which is 
too small by jjg, and so on. 

676. The fraction may be resolved by another method into an infinite series, 
namely, by dividing ] by a+ 1, thus: — 

» ^ 1 /I • 1 1,1 

a 

1 1 


aa 




03 


A + J 

^ c3 

— 1 
o', &c. 

Thus we find also that the fraction is equal to the infinite series + + 

o'“o^’ Ac. If, then, we make a= 1, we shall have the series 1 — 1-t-l — 1 + 1 — 1, &c. » J, as 
before ; and if a:=2, we shall have the series •?+ |-*i 5 + **4* 

677. So, generally, by resolving the general fraction — into an infinite series, we have 


-Oc 

y \ o oo o3 


a* 


a 

be 


bbc 

aa 

bbc 


” a3 ” 


From which it appears that we may compare with the series j — ^ + &c. 

to infinity. Let a = 2, 5 = 4, c = 3; we shall then have ^^ = j ^2 = i = 5 = i— 3 + 6 — 12, &c. 

678. If a = 10, 5 = 1, and c = ll, we have . 7 ^=IO.I.'l = i =tJ — & + t&~TOBo’ T aking 
only one term of this series, we have 4^, which is too great by if we take two terms, we 
have which is too small by ; if three terms, which is too great by &c. If the 
divisor contain more than two terms, the division may, in the same manner, still be con- 
tinued to infinity. Thus, suppose the fraction proposed ; the infinite series to 

which it is equal would be found as follows ; — 

S 
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1— a + aa)l (1 + a— aS—a4 + «« + «’, &c. 

1— a + oa 


a—aa 
a — aa + a® 

— 

— aS + — o® 


— a^ + fl5_fl56 

a® 

a®— a7 4- a® 


a7_a9 
a? — a® + o'* 


Hence we have the equation = t +rf — a® — a"* + 06 + 0 ? — — a^% &c. ; in which, 

if we make a = l, we have 1=1 + 1 — 1— 1 + 1 + 1 — 1 — 1+1 + 1 , &c., which series cont^M 
twice that ofl — 1 + 1—1 + 1 , &c. found above ; and as that has been found equal to it is 
to be expected that we should find |, or 1 for the value of that just determined. If 

a=^ we shall have the equation ^ = g — 15 “ 8 — + + g shall have 

the equaUon}=|=l +i— 1 ^ — ^ + 7 ^* 'which series, if the four leading terms be 

taken, we have 'g^. which is only 3 ^ less than f Again, if a = §, we have ^=^ = 1 + ^ — 

+ &c., a series which is equal to the preceding one, and subtracting one firom the 

other, J — ^ — ^ + -®i &c. must = 0 . The four terms added together make — 

679. The method of resolving generally all fractions into infinite series which has been above 
given, is often of great utility, and though it never ceases, an infinite series may have a de- 
terminate value. Many discoveries of the highest importance have been derived from this 
branch of mathematics, which, on that account, well deserves the study and comprehension 
of the reader. 


THE SQUARES OP COMPOUND QUANTITIES. 

680. To find the square of a compound quantity, it is only necessary to multiply by 
itself, and it is the square required ; thus the square of a + h is found in the following 
manner 

a + 6 

a + 6 

<za + 06 

06 + 66 

aa + 2a6 + 66 

From which we learn that the square of any number comprising two terms consists, first, of the 
squares of each term, namely aa and 66 , and twice the product of the two terms, that is 2 a 6 . 
In figures, supposea = 12and6=4, that is, let it be required to find the square of 16, we have 
144 + 96 + 16, or 256. Ibis formula then gives us the power of findmg the squares of 
numbers, however great, if we divide them into two parts. Thus, to find the square of 49, 
recollecting that this number is equal to 40+9, its square is =» 1600 + 720 + 81 =2401. 
From the same cause it is evident that the square of o + 1 will be oa + 2a + 1 ; and since 
the square of a is aa, we find the square of a + 1 by adding to it 2 a + 1 , wherein it is ob- 
servable that this 2 a + 1 is the «sum of the two roots a and o + 1 . Hence, the square of 1 0 
being 100 , that of 1 1 will be 100 + 21 (that is, 100 + 2 x 10 + 1 ). The square of 49 being 
2401, that of 50 is 2401 + 99 = 2500; the square of 50 being 2500, that of 51 =2500 + 101 
= 2601, &c. 

681. The square of a compound quantity, as a + 6 , is thus represented (a + 6 )®. We have 
then (o + 6 ) 2 =aa + 2 a 6 + 66 , whence result the following equations : — 

(a + I)2=aa+2a+l ; (a+ 2)®=tia + 4a + 4 ; (o + 3)® = aa + 6a + 9 ; 

(a + 4)®=ao+ 8 a+ 16, &c. 

682. If the root is a — 6 , the square of it is aa — 2a6 + 66 , which also contains the squares 
of the two terms, but in such a manner, that from their sum must be taken twice the pro- 
duct of those terms; thus, let a = 10 and 6 = — 1, the square of 9 will be found to be 
100-20 + 1=81. 
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683. Having then the equation (a — h)^ s=saa — 2a5 + 66, we shall have (a— 2a + l. 
From which it is evident that the square of is found by subtracting from oa the sum 
of the two roots a and a -*1, that is, 2a •»!. Let 0=50, then aa= 2500; and a— 1=49; 
hence 492 = 2500 — 99 ^ 2401 . 

664. The rule is moreover confirmed and illustrated by fractions ; for, taking as the root 
| + |(which make 1), the square will be 

^ ^ -f k“ 2S» i®» 1* 

And further, the square of J — J (or of J) will he j J = 5’^. 

685. If the root consists of a greater number of terms, the square is determined in a 
similar manner ; take, for instance, the square of a + 6 + c. 

a + 64-c 
a + 6 + c 

aa-v ob -^ae +bc 

ab +ac + 66 + 6c + cc 

aa + 2a6 + 2ac + 66 + 26c + cc 


686. It will be perceived that the product includes the square of each term of the roots, 
and, besides that, the double products of those terms multiplied two by two. To exhibit 
this in figures, divide the number 345 into three parts, 300 + 40 + 5 ; its square will then be 
composed of the following parts : — i 


90000 


3002 

1600 


40« 

25 


52 

24000 

= 

2 X 300 X 40 

3000 

s=s 

2x300x 5 

400 

= 

2x 40x 5 


345 

345 

1725 

1380 

1035 


119025 


119025, which is equal to the product of 345 x 345. 


687. Though some of the terms of the root be negative, the rule still holds good, only that 
we must be careful in prefixing the signs to the double products. For instance, the square 
of a ~ 6 — c being aa + 66 + cc — 2a6 — 2ac + 26c, if the number 345 be represented by 400 — 
50^5, we shall have 


Positive parts. 
+ 160000 
2500 
500 
25 


Negative parts. 
-40000 
4000 


-44000 


+ 163025 
- 44000 


1 1 9025, the square of 345, as before. 


extractiok of roots of compound quantities. 

688. For the extraction of the roots of compound quantities, and the rule by which the 
operation is guided, we must consider with attention square of the root a + 6, which is 
aa + 2a6 + 66. It will be seen that it is composed of several terms ; and that, therefore, the 
root will comprise more than one term, and that if the square be written so that the powers 
of one of the letters, as a, may continually diminish, the fiFst term will be the first square 
of the root ; and as, in the instance adduced, the first term of the square is oa, it is certain 
that the first tenn of the root is a. Having thus found the first term of the root, that is, a, 
we have to consider the rest of the square, namely 2ah + 66, and endeavour to ascertain from 
it the second part of the root, which is 6. Now as the remainder 2a6 + 66, which may be 
represented by the product (2a + 6)6, has two fectors, 2a + 6 and 6, it is evident that the 
latter 6, which is the second part of the root, will be found by dividing the remainder 
2a6 + 66 by 2a + 6. The quotient then arising from the division of the above remainder by 
2a + 6, is the second term of the root required. In the division, it is to be observed that 
2a is the double of the first term a, which is already determined, and as the second term is 
yet unknown, though for the present its place must be left empty, the division may be 
attempted, since in it we attend only to the first term 2a. When, however, the quotient is 
foimd, which is here 6, it must be put in the empty place, by which the division is rendered 
ixnnplete. Hie operation is thus represented : — 

S 2 
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aa + Safe + 66 (a + 6 
oa 


2a + 6) 2a6 + 66 
2a6+ 66 

O 

689. In a similar manner may be found the square root of other compound quantities, 
provided they are squares, as may be seen by the following examples. 

(I.) aa + 6a6 + 966(a + 36 (II.) 4aa— 4a6-i-^(2a — 6 (HI.) 9pp-\-2^pq-^l6qq{Sp-\r^q 
aa 4aa 9pp 


2a + 86) 6ab + 966 

606 + 966 


4a — 6)— 4a6 + 66 
— 4a6 + 66 


6P + 45) 24pq-\-16qq 

2^pq-^r \ 6qq 


0 


o o 

(IV.) 25jr3r-60:r + 36(5a:-6 
25xx 


10jr-6)-60j: + 36 
-60ar + 36 


O 

690. If a remainder’ occurs after division, it proves that the root is composed of more 
than two terms. In which case, the two terms already found are considered as forming the 
first part, and we must try to obtain the other from the remainder in the same manner as 
the second part of the root was found. The ft>llowing examples will show the mode of 
operation. 

(I.) aa + 2a6 — 2ac — 26c + 66 + cc(a + 6 + c (II*) a4 + + 3aa + 2o + l(aa + a + 1 

aa a* 

,2a + 6)2a6— 2ac — 26c + 66 + cc 2aa + a)2aS + Saa 

2a6 + 66 2a3 + aa 


2a + 26 — c) — 2ac — 26c + cc 
— 2ac— 26c + cc 


2aa + 2a + 1 )2oa + 2o + 1 
2aa + 2a + 1 


0 0 
(HI.) a® — 6a®6 + 1 5a'*66 — 20a^6^ + 1 5aa6'* — 606® + 6® (a® — Saab + 3a66 — 63 


2a9 — 3aa6) — 6a^b + 1 5a*bh 
— 6a®6+ 9a^66 

2a3 — 6006 + Sabb') 6a*bb — 20a363 + 1 5aa64 
6a*bb — 1 8a363 + 9aa6^ 

2a3 — 6006 + 6a66 — 63) — 2a363 + 6aab^ — 6a6® + 6® 
— 2a363+ 6006* — 6a6^ + 6® 


O 

691. From this method of extracting the square root, it is easy to deduce the rule given 
for th^ purpose in ccmimon books of arithmetic ; as in the following examples in numbers. 


529(23 

9409(97 

15129(123 

1522756(1234 

4 

81 

1 

1 

43)129 

187)1309 

22) 51 

2-2) 52 

129 

1309 

44 

44 

0 

0 

243) 729 

243) 827 



729 

729 


O 2464) 9856 

9856 


O 

692. If there be a remainder after the whole operation, it proves that the number is not an 
exact square, and therefore its root cannot be assigned. When this is the case, the radical 
sign before menticmed must be written before the quantity, and the quantity itsdf is placed 
between parentheses, or under a line. Thus, the square root of aa + 66 is represented by 
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A/(aa + 66), or by -v/oa + W, and V'(l— arar) or -%/! — arar expresses the square root of 
1 —XX. Instead of the radical sign the fractional exponent ^ may be used, thus (^aa + bh')^ 
to aa + hb equally represent the square root of on + hh. 

CALCULATION OF IRRATIONAL QUANTITIES. 

693. The addition of two or more irrational quantities is performed by writing all the terms 
in succession, each with its proper sign. They may often be abbreviated thus : for Va + \^a 
we may write 2^/0, and Va— v'a = 0, because the terms destroy one another. Thus the 
quantities 3 + ^2 and 1 + v'2 added together, make 4 + 2 ^2 or (590. ) 4 + a/ 8. The sura 
of 5 + a/3 and 4 — a/3 is 9, and that of 2 a/3 + 3 a/2 and a/3 — a/2 is 3 a/3 + 2 a^2. 

694. Subtraction is equally simple, since we have only to change the signs of the 
numbers to be subtracted, and then add'them together, thus: — 

Subtract from 4— a/2 + 2a/3 — 3 a/5 + 4 a/ 6 
The numbers 1+2 a/2 — 2a/3 — 5a/5 + 6a/4 

3 -3 a/3 + 4 a^3 + 2a/5 + 2 a/6 

695. In multiplication it must be remembered that Va multiplied by a/u produces o, 
and that if the numbers which follow the sign a/ are different, as a and h, we have -s/ah for 
the product of a/q multiplied by \/h. From due observance of this, the following examples 
are easily calculated. 

1 + a/2 4 + 2 a/2 

1 + a/2 2- a/2 

1 + a/2 8 + 4 a/2 

+ a/2 + 2 -4a/2-4 

1 +2a/2 + 2 = 3 + 2a/2 8-4= 4 

The rules apply also to imaginary quantities, and it will only be necessary to mention that 
a/— a multiplied by s/ —a produces —a. 

696. To find the cube of — 1 + aZ — S, we take the square of that number, and multiply 

such square by the number, as follows : — ^ 

-1 + a/-3 
-1 + a/-3 


1 - y-3 

- -vZ-S-S 

1 _2a/-3-3= -2 -2 a/ -3 
-1+ a/-3 

2+2V-3 
-2^/-3+ 6A 

2 + 6 = 8 

697. To divide surds, we have only to express the quantity in the form of a fraction, 
which may then be changed into another expression having a rational denominator, l^us, 
for instance, if the denominator be a + a/ 6, and it as well as the numerator be multiplied 
by a — a/ 6, the new denominator will be aa—b, in which no radical sign occurs. Let it, 
then, be required to divide 3 + 2 -/2 by 1 + V2, we have Multiplying both teims 

of the fraction by 1 — V2, we have for the numerator, — 

3 + 2-/2 
I - 


3 + 2 V2 
-3-/2-4 

3-V2-4=-V2-l; 

and for the denominator, — 

1 + v'2 
1-V2 


1 + v'2 

— V2-2 
1 - 2 = - 1 . 
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The new fraction is therefore ; and if the terms be again multiplied hy —1, we 

shall have for the numerator ^2 + 1, and +1 for the denominator. It is easy to show 
that V2 + 1 is equal to the proposed imction i for + 1 being multiplied by 

the divisor 1 + ^/2, thus — 

1 + ^/2 

1 + vf2 

1 + v/2 
+ ^^2 + 2 

we have 1 + 2v^2 + 2 = 3 + 2v^2. 

698. Fractions may he transformed into others which have rational denominators. Thus, 
in the fraction 5::2^6 ’ multiplying both numerator and denominator by 5 + 2 Ve, it 
becomes “j'^ = 5 + 2v/6. When the denominator contains several terms, the radical 
signs may, in the same manner, be made to vanish one by one. Thus, in the fraction 

multiplied by V10+ V2+ VS, by which is obtained 

the fraction Then, multiplying its numerator and denominator by S + 2V6, 

we have 5 VI 0 + 1 1 V2 + 9 VS + 2 a/60. 


OF CUBES, AND THE EXTRACTION OF THEIR ROOTS. 

699. The cube of a root a + 6 is found by multiplying its square aa + 2ab + bb again bv 

a + 6, thus : — ' 

aa + 2a6 + bb 
a + b 

a^ + 2aab + abb 

aab + 2abb + b^ 

a3 + 3aa6+ Sa66-i-63— to the cube of a + 6. 

The cu^, then, contains the cubes of the two parts of the root, and, besides that, 3aa6 + Sabb 
a quantity equal to (3ai) x (a + b), that is, the triple product of the two parts a and b mul- 
tiplied by their sum. From which we learn, that when a root is composed of two terms 
***12?* ** ***^^ **'*'*'* **** 5 = 3 + 2 ; its cube, therefore, is 27 + 8 + 18 x S 

700. When the cube, as a3 + Saab + Sabb + 63, is given to find the root, the following is 
the process, the cube being arranged according to the powers of one letter. By the first 
term a3 we perceive that a, whose cube is a3, is the first term of the root ; if, then, that 
cube be subtracted from the cube proposed, the remainder, Saab + Sabb + 63, will furnish 
the second term of the root. Now, knowing that the second term is +6, our object is to 
find how it may be derived from the above remainder. This remainder may be expressed 
by two factors, — namely, (3aa + 3a6 + 66) x (6) ; if, therefore, we divide by the first of them, 
we obtain + b, the second part of the root requiretL 

701. But the second term, as well as the divisor, are supposed to be unknown ; we know 

however, the first term of that divisor, — that is, 3oa, or thrice the square of the first term’ 
already found; and that is sufficient, for by that it is easy to find the other part 6, and then 
complete the divisor before performing the division. For this purpose we must join to 
^ thrice the product of the two terms, or 3a6 and 66, or the square of the second term of 
the root. We subjoin two examples ; 

(I.) a3 + 12aa + 48a + 64(a + 4 
a3 


Soa + 1 2a + 1 6) 1 2aa + 48a + 64 
1 2aa + 48a + 64 


O 

(II.) a6-6a5 + 15a4_20o3 + 15a2_6a+I(aa-2a + l 

a® 


Sa**— -603 + 4aa)— 6a5 + 15a^— '20a3 
— 6a8 + 12a'* — 8a3 


3a+— 12a3 + 12aa + Sa^— 6a + 1 )3a'» — 12a3 + 15a2_6a + 1 
3a+— 12a3+ 15aa— 6a + l 


O 

On this analysis is founded the common rule for the extraction 
root. Take, for example, the number 4096. 


in numbers of the cube 
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S times 10* =300 

3 times 10 x 6 =180 

6* (second term) = 36 

516 


4096(10 + 6=16 
1000 

3096 

3096 

O 


We will further extract the cube root of 82881856. 

82881856(400 + 30 + 6 
64000000 


3 times 400* 

= 480000 

18881856 

3 times 400 x 30 - 

= 36000 


30* (square of second term) 

= 900 



516900 

15502000 

3 times 430* 

—554700 

13374856 

3 times 430 x 6 - 

= 7740 


6* (square of third term) 

= 36 



562476 

13374856 


O 


THE HIGUEft POWERS OF COMPOUNU QUANTITIES. 

702. Powers of a greater number of degrees than squares and cubes are now to be 
considered. We have already explained the method in which they are represented by 
exponents. It will be found convenient to keep in mind that, in dealing with a compound 
root, it is inclosed in a parenthesis. For instance, (a + signifies that a + 6 is to be raised 
to the fourth power or degree, and that (a— 6)? expresses the seventh power of a — 6 ; the 
subject of this section is to explain the nature of these powers, in which some peculiarities 
will be noticed. 

703. If the root or first power be a + 6, all the higher powers will be found by multiply- 
ing the last power found agmn by the root, as in the following example : — 

(a +6)* =a + 6 
a +5 

aa +a6 
+ a6 + 55 

(a + 5)2 = oa + 2a5 + 55 
G +5 

+ 2a<i5 + alb 
+ aa5 + 2a55 + 5* 

(a + 5)3 = a3 + 3aa5 + 3a55 + 5® 
a + 5 

+ 3a35 + 3aa56 + a53 
+ d^h + 30055 + 3o53 + ^ 

(a + 5)* = o^ + 4a35 + 6aa55 + 4a53 + 5^ 

0 + 5 

+ 4a45 + 6a355 + 4oo53 + a5^ 

+ a^h + 4a366 + + 4<*5^ + 6^' 

(a + 5)3 = o3 + 50^5 + 10a355+ 10fia53 + 5a5^ + 6* 

0 + 5 

o6 + 5aS5 + 10a‘*65 + 10o353+ 5025“* + ah^ 

+ a^h+ 5a‘*bb+10a^l>> + 10a^* + 5ab'>-¥b^ 


{a + by=a.'i + 6a^b + lSa*ib + 20a^b>+l5afb* + 6db^ + b\ &c. 
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704. In a similar manner are found the powers of the roota— the difference 

that the even or 2d, 4tb, 6th, &c. terms will be found to be affected by the sign 

miniiR. 

(0-6)1 = a-6 
0 — 6 

00—06 

— 06 + 66 

(o— 6)*=oa — 2o6 + 66 
0 — 6 

o^— 2aa6+ alA 

— ao6 + 2o66 — 6^ 

(o— 6)3 = a3 — 3oa6 + 3a66 — 6^ 

0 — 6 

o4 — 3o36 + 3ao65 — o63 

— 0^6 + Saabb — 806^ + 6** 

(o — 6)+ = O'* — 40^6 + 60066 — 4a63 + 6^ 
o — 6 

o^ — 4a^5 + 60^66 — 4ao63 + 06^ 

— 0^6 + 40^66 — 6006*1 + 406“* — 6^ 

(o — 6)5 = a^ — 5o^6 + 10a366 — 10aa63 + 5o6i — 6^ 

. 0 — 6 

o® — 50^6 + 10o466 — lOo 161 + 5oa6'i— 06* 

— a®6+ 5o46&— IO0I6I + 10aa6^ — 5a65 + 6^ 

(o — 6)6 =: o® — 60^6 + 1 50^66 — 20oi63 + 1 5006“*^ — 606* + 6®, &c. 

705. In this last example all the odd powers of 6 have the sign — , while the even powers 
retain the sign + . The reason is, that the powers of that letter ascend in the following 
series, —6, +66, — 6^, +6^, —65, +6®, &c., which sufficiently indicates that the even 
powers must be affected by the sign * , and the odd ones by the sign — . The labour of 
the calculation being considerable, it is important to find a mode of performing the opera^ 
tion in an abridged manner. Now, if in the powers above determined we take away the 
numbers, or coefficients preceding each term, we shall observe the following order : first, in 
each succeeding term the powers of a decrease by unity, whereas the powers of 6 increase 
in the same proportion, so that the sum of the exponents of a and 6 is always the same, and 
always equal to the power of the exponent required ; and, lastly, we find the term 6 by 
itself raised to the same power. Hence we know that if the tenth power of 6 were re- 
quired, the terms without their coefficients would stand in the following order: a'®, a°6, 
o®62, 0^61, a66’, u565, 016®, <zi67, a-b^, ab% b^^. To determine the coefficients or numbers by 
which these are to be multiplied, we may observe that, with regard to the first term, its 
coefficient is always unity ; and that, in respect of the second, its coefficient is always the 
exponent of the power ; but the order of the other coefficients is not so manifest, though 
there is a law by which they are governed, which the following table will show. 

Powers, Coefficients. Sum of the coefficients. 

I - - - - 1, 1 - - - -2 = 21 

II - - - - 1, 2, 1 - - - - 4 = 22 

III - - - - 1, 3, 3, 1 - - - - 8 = 23 

IV - - - 1,4, 6, 4,1 - - - 16 = 24 

V - - - 1, 5, 10, 10, 5, 1 - - - 32 = 25 

VI - - - 1,6,15,20, 15,6, 1 - - - 64 = 2® 

VII - - I, 7, 21, 35, 35, 21, 7, 1 - - - 128 =: 27 

VIII - - 1, 8, 28, 56, 70, 56, 28, 8, 1 - - 256 = 2® 

IX - 1, 9, 36, 84, 126, 126, 84, 36, 9, 1 - - 512 = 29 

X 1, 10, 45, 120, 210, 252, 210, 120, 45, 10, 1 1024 = 2io 

From which we may see that the tenth power of «z + 6wiU be aio + lOa^h + 45^366 + 120 
a~bs + 210a664 + 252056® + 21 Oa^b^ + 1 20a367 + 45ao68 + 1 Oa&9 + 610 . 

706. The sum of the coefficients in each power is equal to the number 2 raised to the 
same power, as will be seen by reference to the above table, and they increase from the 
beginning to the middle, and then decrease in the same order. In the even powers the 
greatest coefficients are exactly in the middle, but in the odd powers two coefficients equal 
and greater than the others are found in the middle belonging to the mean terms. We 
shall hereafter touch upon the reason of the following rule for determining the coefficients 
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in aR powers propc^ed. Let the power proposed be the seventh, then placing the exponent 
of the power as the numerator, and letting the denominator follow in the natural order of 
the numbers 1, 2, 3, 4, &c., we have the following fractions, ^ 7- Now, as the 

first coefficient is always 1, the first fraction gives the second coefficient, the product of the 
two first fractions multiplied together gives the third coefficient, the product of the three first 
fractions represents the fourth coefficient, and so on ; thus, for instance, the fifth coefficient 
will be the product of^x|x^x^ = 35, &c. This rule renders it urmecessary to find the 
preceding coefficients, and enables us to discover immediately the coefficients which belong 
to any power ; and we can, by its aid, express any power of a + 6 however high ; thus, the 
hundredth power of a + 5, will be (0 + 6)^00=01004, x 0*^6 + + a'''®63 + 

^9763 4- X » frooo which the law of the preceding terras is evident 


ON THE TRANSPOSITION OP LETTERS, WHEREON THE LAST RULE RESTS. 

707. In the coefficients we have just been considering it will be found that each term is 
presented as many times as the letters whereof the term consists can be transposed ; or, in 
other words, the coefficient of each term is equal to the number of transpositions that its 
letters admit. Thus, in the second power the term ha is taken twice, that is to say, its 
coefficient is 2, for the order of its letters ab or ba can be changed only twice. The term aa, 
whose letters can undergo no change, is hence only found once. In the third power of a + 6 
the term aa6 can be written in three different ways, aa6, aha, 6aa, and here the coefficient 
is 3. In the fourth power the coefficient of a^b must be 4, because aaab admits of four 
different arrangements, aaab, aaba, abaa, baaa, and so on. It thence becomes desirable to 
know in how many different ways a given number of different letters may be arranged. 
Now, beginning with the simplest case, namely, a and 6, we see at a glance that only two 
transpositions, namely ab and ba, can take place. If we have three letters, we see that each 
of the three may take the first place, while the two others admit of two transpositions. 
Thus, making a the first letter, we have abc, ach ; if 6 is the first, we have 6ac, hca ; but if c 
is made the first, we have cab, cba. Hence the whole number of arrangements is 3 x 2 = 6. 
If four letters, abed, occur, each may be placed first, and we know the three others are 
capable of six different arrangements ; hence the whole number of transpositions is 4 x 6 = 24, 
or4x3x2xl. If the number of letters be five, we have 5 x 24 = 1 20, or5x4xSx2xl. 
Whatever, then, the number of letters, provided they be different, the number of trans- 
positions is easily determined, and, up to the number ten, are subjoined in the following 
table : — 


Number of letters. 


Number of transpositions. 


I - 

. 


II - 

- 


III - 

. 

- 

IV - 

- 


V - 


. 

VI - 

- 

- 6 

VII - 

_ 

7x6 

VIII - 

8 

X 7 X 6 

IX - 

- 9x8 

X 7 X 6 

X - 

10x9x8 

X 7 x 6 


• 1 = 1 
2 x 1=2 
3 X 2 X 1 =6 
- 4x3x2x1=24 

5x4x3x2x1=120 
x5x4x3x2xl =720 
x5x4x3x2x 1=5040 
x5x4x3x2xl = 40320 
x5x4x3x2x 1=362880 
x5x4x3x2x 1 =3628800 


The numbers, however, in this table can only be used when the letters are all different ; 
and if two or more of them are alike, the number of transpositions becomes much less ; as, 
if the letters were all alike, there could be but one arrangement. Our next object, then, will 
be to find how the numbers in the table dimmish from similarity of letters. W’’e have seen 
that when two similar letters occur, only one arrangement can be made, consequently the 
number above found is reduced one half, or must be divided by 2. If these letters are 
alike, the six transpositions are reduced to one, whence the number in the table must be 
divided by6 = 3x2xl. And, in the same way, when four letters are alike, we must divide 
the number in the table by24 = 4x3x2xl, &c. 

708. Thus there is no difficulty in ascertmuing the number of tran^ositions the letters 

aaahbc may undergo ; for, if they were all different, they would admit of6x5x4x3x2xl 
transpositions. But as a occurs three times, we must divide the number of transpositions 
by 3 X 2 X 1 ; and as 6 occurs twice, we must again divide by 2 x 1 ; the numbers required, 
therefore, will be — ^ v 4 x 3 = 60. 

709. We shall now apply the rule in* the example of the seventh power of a +6, or 
(a + 6)7. The first term is a?, which only occurs once; and, as all the other terms have 
seven letters, the number of transpositions for each term would be7/6x5<4x3x2xlif 
the letters were all different But the second term a®6 contains six letters alike, hence 
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the product last mentioned must be divided b 7 6x5x4xSx2xl, whoace the coefficient 
will be 


7x6x5x4X3x2x] 


5040 7 - 

=r or 7. 


6 x 5 x 4x3 x 2x1 720 1 

710. In the third term a^hby the same letter a occurs five times and the same letter h 
twice, the total number of letters being seven all through the power. We have here, then, 
to divide the number which seven transpositions give b 7 5x4x3x2xl, and then by 2 x 1, 

whence we have the coefficient — 5 x 4 x 3 ~ x 2 xix 2 xi ~ f unneces- 

sary to proceed with the remaining terms, the mode of finding the coefficient must be 
obvious. From what has been already said we shall find that the above rule enables us to 
find all the powers of roots consisting of more than two terms. Let us, for instance, apply 
them to the third power of u + 6 + c, the terms whereof must be formed by all the possible 
combinations of the three letters, each term having for its coefficient the number of its 
transpositions as above. The third power of a + 6 + c will be found by multiplication to 
be + Saab + Saac + 3a66 + 6ahe + Sacc + 6^ + Sbh + Sbcc + cK 

711. Now, suppose a — 1, 6 = 1, cs=l, the cube of 1 + 1 + 1 or of 3 will be 1 + 3 + 3 + 3 
+ 6 + 3 + 1+ 3 + 3 + 1 — 27, and the rule is thereby confirmed. 


THE ESFBESSIOK OF IRRATIONAL POWERS BY INFINITE SERIES. 


712. If we had supposed a = l, 6 = 1, and c= —1, we should have found for the cube of 
1 + 1-1, that is, of 1, 1 +3-3 + 3-6 + 3+1 -3 + 3-1 = 1. 

71 3. In subsection 705, we have shown the method of finding any power of a + 6. Suppose 
the exponent undetermined, but expressed by n, we shall have the rule there laid down — 


(«+<>)” 


X 


n— .1 n — 2 
2*3 


If the same power of the root u— 6 were required, we should have only to change the 
signs of the even terms, and should have 


( i.\A n '•ft 

a^b) = a '--a 


a— 1 n^2 




, «— 1 ^ »— 2 n— 3.3 


&C. 


8 « 


+7 X X 


1 n— 2 


714. These formulae are useful from the facility they afford in expressing all kinds of 

radicals. It has already been seen that all irrational quantities may assume the form of 
powers whose exponents are fractional, and that ^ =a^; and -^a=a^. We have, 

also, then ^(a + 6)=(o + 6)^; + 6)=(a + 6)^; and -v^(a + 6)=(a + 6)i, &c. Whence, if 

the square root of a + 6 is required, we have only in the general formula to substitute the 
fraction ^ for the exponent n, and we shall have, first, for the coefficients — 

^=-t; Then, a” and 

powers of a may be expressed as follows : 

The square root, then, of a + 6 may be expressed in the following manner, 

v'(o + i)= + ^44^ + J X 4 x i43^-J x j x J x |4<^“, &c. 

715. Hence, if a be a square number, the value of v'u may be assigned, and the square root 
of a + 4 may also be expressed by an inbnite series without any radical sign. Suppose, for 

instance, o=i:c, we shall have Va=‘C ; then v' (cc + 4) = c + I x + 13 x rfs x p, &c. 

So that there is no number whose square root may not be extracted in the same way ; for 
every number may be resolved into two parts, one whereof is a square, represented by cc. 
Thus, if we require the square root of 6, make 6=4 + 2, then cc=4, c = 2, 4 = 2, 
whence restjlts a/ 6 = 2 + j— - 1 ^ + ^— &c. ; and, taking only the two leading terms of this 
series, we find 2i=|, whose square f is | greater than 6 ; but if we take three terms, we 
shall have whose square is still ^ too small. As'f in this example approaches 

very nearly to the true value of a/6, we will take for 6 its equivalent quantity Thus 

M=^; c=|; h=\i and using the two leading terms, we find a/ 6=|+| x ^=|— 4x| = 

|— ^=|g, and the square of this fraction being exceeds the a/ 6 only by ^ 

716. Now, taking 6 = — TOj> so that c = and 4 = and still confining ourselves to the 

two leading terms, we have a/6=§ + 3 x — J x the square 
whereof is Now 6, when reduced to the same denominator, “=^S“5 ‘he error, 

therefore, is only 

717. In a similar way may be expressed the cube root of a + 6 by an infinite series. For, as 
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<^(a + &)=(a + &)^, we shall have in the general formula and the coefficients will be 

= ^ &c., and fop the powers of a wc hsve 

a«=^rt; Then ^(a4- 6)-^ 4'a + J x 6^ + J x 66 

^4-^ X 63^ — ^ X 6'*'^, &c. But if a be a cube or a = c*, we have -v^a = c and the radi- 
cal signs will vanish, for we shall have -v'^Cc® ■l-6)=c + J + ^ 

718. Thus we arrive at a formula, enabling us by approximation, as it is called, to find 
the cube root of any number, because every number may be resolved into two parts, as c® + 6, 
whereof the first is a cube. If, for example, we are required to determine the cube root of 
2, we represent 2 by 1 + 1, so that c = l and 6 = 1, consequently ^2 = 1 +|— J + ^ &c. 
The two leading terms of which series make 1^=^, the cube of which, ||, is too great by. 
Let us then make 2=||— we shall now have c=^, and 6=—^, and therefore 
- 10 

.^2 = J + Jx These two terms give J— the cube whereof b But 2 = 

; so that the error is Thus we may approximate the root ; and the faster, as a 

greater number of terms is taken. 


RESOLUTION OF NEGATIVE POWERS. 

719. It has already been seen that ^ may be expressed by a~^. For the same reason, 

may be represented by (a + 6 ; hence the fraction may be considered as a 

power of a + 6, namely, that whose exponent is — 1 ; hence we conclude that the series 
already found as the value of (a + 6)** will extend to this case. 

720. As is the same as (u + 6)“^, let us assume, in the general formula,n= — 1 ; then 

for coefficients we shall first have j =s — l • = — 1 ; = — 1 ; = — 1 , &c. For the 

powers of a we shall then have c”=!a“^=| ; S 

So that (a + 5)”^ =:i_|j + | 3 .„^ + ^_^, &c., which is the same series before found 


by division. 

721. Now, being the same as (a + 6)—^, let us reduce it to an infinite series; for 

which purpose we must suppose r = — 2, and we have for the coefficients j = — | ; = 

“5* And for the powers of a ; c” = Ji ; » a””^= Jt; 

a"-^= &c. We therefore obtain (a + = f x *3 + ?x|x^— fx|xjx§ 

+ f X I X 5 X &c. Now ^ = 2; |x| = 3; |x|x| = 4; ^ x | x ^ x |=5, &c. Wehave, 
therefore,j—^=^j-2^ + 3^ — 4^ + 5^— 6^ + 7^, &c. To proceed, let us take n=— 3, 
and we have a series express'mg the value of or of (a + 6)~^. The coefficients will 

be^=— —J; — —5» &c., and the powers of a become a”=' 5 ; a”“' 

=i; &«-. ’^hich gives + ? x x ^ x + ^ x | x § x and 

«=,^-3a + 6|-10s + J5S-2l| + 28^-36^, + 45^.,&c. 

722. If we make n=— 4, we have for the coefficients j = — f ; = — a", — i ; 

&C. ; and for the powers a”=^^; a"—^ = ^; a”~^ = ^; a”-~*=^, &e.; 

whence we obtain (S:^,=S4 -|x|i + 4x|x x|x§^, + ^x5x|xjx^; and c=i- 
4^5 + + 35^8—56^ + , &c. 

723. From the cases considered, we are able to conclude that for any negative power 
of a + 6, we .shall have 


1 1 m 6 m TO + 1 6® m ro + 1 ot+2 6® 

by means of which formula all such fractions may be transformed into infinite series, sub- 
stituting^ also fractions or fractional exponents for m, in order to express irrational quantities, 
o * 116 6^ 6® 

724. In further illustration of this subject, we recal to mind — -2 + ^ 

+ |J_^ + , &c. ; now this series, therefore, multiplied by a + 6, ought to produce 1 ; which 
is found to be the truth by performing the multiplication thus — 
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a + 6 


a3 04 flS 



63 6 * o 

^ b* , lA e 

+ -7 ;+ -s — &C. 

' rt» /x’ 


1 

,, , 126 . 366 463 5^4 Qfp _ 

725. It has also been shown that (0+^) 2=^—^ + 04 — ■;i3 + —‘a; > If, as before, 

this series be multiplied by (a + 6)- or aa + 2a6 + 66, the product will be found to be = 1 . 

726. If the series found for the value of be multiplied by a + 6 only, the product 

ought to be the fraction or be equal to the series already found, namely, ^ — + ^ — 

&c. ; and that, on multiplication, will be foimd to be the case. 


ARITHMETICAL RATIO. 

727. The relation which one quantity bears to another, with respect to magnitude, is 
called a ratio. It is evident that no relation can exist between quantities that are not of a 
simile kind ; as, for example, a number must be compared with a number, a line with a 
line, &c. The magnitudes of quantities may be compared in two ways. In the first, they 
may be compared with regard to their difference ; and then the question asked is, how 
much one quantity is greater or less than another ? The relation in this respect, which 
quantities bear to each other, is called their arithmetical ratio. The other way in which 
they may be compared is, by inquiring how often one quantity is greater than another ? 
and this relation between (juantities is called their geometrical ratio. The term ratio, when 
simply applied, is generally understood in the latter sense; and we shall reserve the word 
ra^io and relation to express geometrical ratios. 

728. By subtraction, the ditforence is found between two numbers ; hence the question, 
how much the one is greater than the other, is easily resolved. 'Thus, between two equal 
numbers, the diftereucc being nothing, if we are asked how much one of the numbers is 
greater than the other, the answer is, by nothing. Thus, 8 being =2x4, the difference 
between 8 and 2 x 4 is 0. 

729. When two n* pibers, as 5 and 3. arc not equal, and we require to know how much 
5 is greater than 3, the answer is 2, and it is obtained by subtracting 3 from 5. So 17 is 
greater than 7 by 10, and 25 exceeds 8 by 17. ^Tliere are therefore three things relative 
to the subject for our consideration : 1st, the greater of the two numbers ; 2d, the less; 
and 3d, the difference ; which three quantities are so connected, that two of the three being 
given, the third may also be determined. Suppose the greater number =a, the less =6, and 
the difference =d, the difference will be found by subtracting 6 from a, so that d=a — 6, 
whence we find d, if a and 6 are given. 

730. But if the difference and the less 6 of the two numbers are given, the greater 
number is determined by adding the difference to the less number, which gives a = b + d; 
for if we take from b + d the less number 6, there remains d, which is the known difference. 
Let the number =12 and the difference =8, then the greater number =20. Lastly, if a 
the greater be given, and d the difference, 6 will be found by subtracting the difference from 
the greater number, that is, b = a—d. 

731. The connection, then, among the numbers is of such a nature as to give these 
results: — 1st. d=a — 6; 2d. a = b + d; 3d. h=a — d; and, generally, if z = x + y, then 
y=.z-^x and x^z—y. It must here be remarked, with respect to arithmetical ratios, that 
if any number, as c, be added to the numbers a and 6, the difference is still the same. 
Thus, d being the difference between a and 6, that number d will also be the difference 
between a + c and 6 + c, and between a — c and 6— c. Tims, the difference between 20 and 8 
being 1 2, such difference will remain the same whatever numbers we add to 20 and 1 2, and 
whatever numbers we subtract from them ; for if a— 6=rf, we must have (a + c) — (6 + c) = d, 
as also (a — c) — (6 — c) = d. So, if the numbers be doubled, the difference will be double, 
and, generally, 7ia — nb = nd, whatever be the value of a. 

ARITHMETICAL PROPORTION. 

732. When two arithmetical ratios or relations are equal, the equality is called an 
arithmetical proportion. Thus, if a — 6=/> — 9,the difference between/) andqbeing the same 
as that between a and 6, these four numbers are said to form an arithmetical proportion, 
which is thus written, a — b =p — 7. An arithmetical proportion, then, consists of four terms, 
which are such that, subtracting the second term from the first, the remainder is tlie same as 
when we subtract the fourth from the third ; thus the numbers 24, 9, 23, 8, form, an 
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arithmetical proportion, because 24 — 9 = 23 — 8, which by some is written 24. 9:: 23. 8. 
In any arithmetical proportion, as a — 6=p — q-, the second and third quantities may change 
places without changing the equality ; for as a-b—p — q, add 6 to both sides, and we have 
a = 6+ p — and now subtracting p from both sides, we have a — h —p — q. In numbers, 
as 24 — 9 = 23 — 8, so 24 — 23 = 9 — 8. In an arithmetical proportion, the second term may 
take the place of the first, if the fourth be made to take the place of the third ; thus, 
if a — b=:p — q, we have b — a = q — p. For b — a is the negative of a — b, and q — p is the 
negative of p — q. But the great property of every arithmetical proportion is this, that the 
sum of the second and third terms is always equal to the sum of the first and fourth; a 
property which deserves particular consideration, and is expressed by saying that the sum 
of the means (middle terms) is equal to the sum of the extremes (extreme terms). Thus, 
since 24 — 9 = 23 — 8, we have 9+23 = 24 + 8, both being 32. The demonstration of this 
is as follows : Let a — b=p — q, add to both 6 + ^, and we have a-\- q = h+p, that is, the sum 
of the first and fourth is equal to the sum of the second and third ; and inversely, if four 
numbers, a, 6, p, q, be such that the sum of the second and third is equal to that of the first 
and fourth, that is, if fc+p = a + 7 , we may be sure that those numbers are in arithmetical 
proportion, and that a~h=p — q\ for \f a + q = b ^p, subtracting from both sides b + qy we 
obtain a — 6=p — 5 . Thus the numbers 24, 12, 27, 15, being such that the sum of the 
means (12 + 27 = 39) is equal to the sum of the extremes (24 + 15 = 39), we are certain that 
they form an arithmetical proportion, and consequently that 24 — 12 = 27 — 15. 

733. By this property, the following question is resolved ; — The three first terms of an 
arithmetical proportion being given, to find the fourth, let a, 6, p be the three first terms, 
and let the fourth, which is that sought, be represented by q. Then a + g = 6 + p; by sub- 
tracting a from both sides wo have q~b^p~a. Hence it appears that the fourth term is 
found by adding together the second and third, and from their sum subtracting the first. 
Thus, suppose the three first terms are 24, 12, 27, the sum of the second and third is 
= 39, from which subtract 24, the first, and we have 15 for the fourth terra sought. When 
in an arithmetical proportion the second term is equal to the third, we have only three 
numbers, whose property is this, that the first minus tlje second is equal to the second 
minus the third, or that the differences between the first and second and between the 
second and third are equal. Of this kind are the numbers 23, 18, 13, since 23 — 18 = 18 — 3. 
Three such numbers, as 23, 18, 13, are said to form a continued arithmetical proportion, 
called an arithmetical progression, particularly when a great number of such terms follow 
each other according to the same law. An arithmetical progression may be either increasing 
or decreasing ,• that is to say, the former when the terms go on increasing, as 5, 9, IS, 
and the latter when they go on diminishing, as 12, 9, 6. 

734. Let us suppose the numbers a. 6, c to be in arithmetical progression ; then o— 6=6— c; 
hence from the equality between the sum of the extremes and that of the means, 26 = « + c, 
if we subtract a from both, we have c = 26 — a : hence, when the two first terms a 6 of an 
arithmetical progression are given, the third is found by taking the first from twice the 
second. Thus let 2 and 5 be the two first terms of an arithmetical progression, the third 
will be 2x5 — 2 = 8; and the three numbers 2,5, 8 give the proportion 2 — 5 =5 — 8. Tliis 
method enables us to obtain, to any extent, an arithmetical progression ; for we have only to 
find the fourth by means of the second and third in the same way as the third was deter- 
mined by means of the first and second, and so on. Let a be the first term and 6 the 
second, the third will be =26 — a, the fourth 46 — 2a — 6 = 36 — 2 m, the fifth will be 
66 — 4a — 26 + a = 46 — 3a, the sixth =-86 — 6a — 36 + 2a = 56 — 4a, &c. 


ARITHMETICAL PROGRESSION. 

735. Having in the preceding subsection seen the nature of arithmetical progression, we 
may perceive that the natural numbers written in their order (as 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, &c.) 
form an increasing arithmetical progression, because they increase constantly by unity ; and 
the series 23, 21, 19, 17, 15, 13, II, 9, 7, 5, 3, I is also such a progression wherein the 
numbers constantly decrease by 2. The number or quantity by which an arithmetical pro- 
gression increases or decreases is called the difference. Hence, if the first term and differ- 
ence be given, we may continue it to any extent. For instance, let the first term =3, and 
the difference =4, we shall have the following increasing progression, 3, 7, 1 1, 15, 19, 23, 
27, 31, 35, &c., wherein each succeeding term is found by adding the difference to the pre- 
ceding one. It is usual to write the natural numbers 1, 2, 3, 4, &c. above the term of such 
an arithmetical progression, in order that we may perceive the rank held by any term in the 
progression. The numbers so written above the terras are called the indices, as in the fol- 
lowing example : — 

Indices - - -123456789 10 11 

Arithmetical progression 3, 7, 11, 15, 19, 23, 27, 31, 35, 39, 43, &c. ; 

in which we see 43 is the eleventh term. 
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736. I^ a be* the first terra, and d the difference, the following will be the order of 
it : — 

1 2 3 4 5 6 7 

at a + dy a + 2d, a + 3d, a + a + Sd, a + 6d, &c. 

Whence it is evident, that any term of the progression may be found without the necessity 
of finding the intermediate ones merely by the first term, and the difference d ; for example, 
the twelfth term, —a + 1 Id, the thousandth term, =a + 999d, and generally the last term 
— a + (n — l)d; hence it is only necessary to multiply the difference by the number of 
terms minus one, and to the product to add the first term. Thus, suppose an arithmetical 
progression of a himdred terms whose first term is =6, and the difference =5, then the last 
term will be = 99 x 5 + 6 = 501 . 

737. Knowing the first term a, and the last z, the number of terms », we can find the 

difference d. For since the last termz=a + (w — l)d, if we subtract a from both sides, 
we obtain z~~a = (n — l)d. Then, by subtracting the first term from the last, we have the 
product of the difference multiplied by the number of terms minus 1 . And dividing z — a 
by n — 1, the required value of the difference will be from which results the follow- 

ing rule : subtract the first term from the last, divide the remainder by the number of terms 
minus 1, and the quotient will be the difference) by which the whole progression may be 
written — 

Example. — Let the first term = 2, the last 26, to find the difference, 

= the quotient =3 will be equal to the difference, and the progression will 
be as imder : — 

1234 56 789 

2, 5, 8, 11, 14, 17, 20, 23, 26. 

738. Another example. — Let the first term = 2|, the last == 1 2J, the number of terms =7 ; 
then the difference will be 

progression will be 

1 2 3 4 5 6 7 

4^ 5\l, 7^, 9j, 10§8, 12^. 

739. If the first term a, the last term z, and the difference d be given, we may from 

these find the number of terms n. For, inasmuch as a^(n — l)d, if we divide the two 
sides by d, we have = and n being greater by 1 than n — 1, we have ; 

the number of terms is therefore found by dividing the difference between the first and last 
terms, or z^a by the difference of the progression, and adding unity to the quotient 

740. Thus, for example, let the first term = 4, the last =100, and the difference = 12; the 
number of terms will be +1=9, and these nine terms will be 

1234567 8 9 

4, 16, 28, 40, 52, 64, 76, 88, 100. 

Another example. — l.et the first term =3^ the last =72, and the difference=l4 ; the number 
73 31 

of terms will be ^ ^ +1=4, which are Sj, 4j, 6^, 7§. 

I9 

741. It must, however, be remarked, that the number of terms being necessarily an in- 
teger, if such a number had not been obtained for n in the foregoing examples, the ques- 
tions would have been absurd ; and if an integer number be not obtained for the value 

the question cannot be resolved ; hence, in order that such questions may be possible, 

a must be divisible by cL 

742. It may now be concluded, then, that there are always four quantities for considera- 

tion in an arithmetical progression. 1. The first term, a. 2. The last term, z. 3. The 
diflference, d, 4. The number of terms, n ; and the relations of these to each other are 
such, that, if we know three of them, the fourth may be found. For, 1. If a, d, and n are 
known, we have z = a + {n — l)d. 2. If r, d, and n are known, we have u = z — (n — l)d. 
3. If a, z, and n are known, we have d=^^. 4. If a, z, and d are known, we have 

n = -^ + l. 

SUMMATION OF ARITHMETICAL PROGRESSIONS. 

743. To find the form of an arithmetical progression by adding all the terms together 
would be troublesome when the number of terms is very great ; a rule has therefore been 
found by which the operation is much shortened. Let us first consider a particular given 
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progression, whose first term = 2, difiference = 3, the last term = 29, and the number of 
terms =10. 

12345 6 7 8 9 10 

2, 5, 8, 11, 14. 17, 20. 23, 26, 29- 

744. In this progre^ion, the sum of the first and last term =31, the sum of the second and 
last but one = 31 , and so on ; from which we conclude that the sum of any two terms equally 
distant, the one from the first, the other from the last term, is always equal to that of the 
first and last. It will not be diflScult to discover the cause of this ; for, suppose the first 
= a, the last =z, and the difference =d, the sum of the first and last is =a + z, and the 
second term being =a + d, and the last but one =z—d; the sum of these two terms is also 
— a + z. Again, the third term being a + 2</, and the last term but two =z = 2d, it is evi- 
dent that the sum of these two terms also makes a + ^r. From this, the demonstration for 
the rest is obvious. Now, if we write the progression term by term twice over, but in one 
line, invert the order of the terms, and add the corresponding terms together, we shall have 
as follows : — 

2+ 5+ 8 + 11 + 14 + 17 + 20+23 + 26 + 29 
29 + 26 + 23 + 20 + 17 + 14 + 11+ 8 + 5 + 2 

31 + 31 + 31 + 31 + 31 + 31 + 31 + 31 + 31 + 31 

A series of equal terms, evidently equal to twice the sum of the given progression, whose 
number of terms being 10, the sum here exhibited will be =10 x 31 =310. Hence, as this 
is twice the sum of the arithmetical progression, the sum required must be 155. 

745. Treating in the same manner any arithmetical progression whose first term =a, 

last term =«, and number of terms =«, and writing as above shown, the progression 
direct and inverted, the one under the other, and adding term to term, we have a 
series or n terms each =a + z, whose sum will consequently be =n(a + z), which will be 
twice the sum of the proposed arithmetical progression, and therefore From 

which flows a simple rule for finding the sum of an arithmetical progression. Multiply the 
sum of the first and last terms, and half the product will be the sum of the whole pro- 
gression. We will illustrate this rule by an example. Let it be required to find the sum 
of the progression of the natural numbers, 1, 2, 3, &c. to 100. This, by the rule, will be 
=s — 2 — — 50 X 101 =5050. 

746. Let it be required to find the sum of an arithmetical progression whose first term 
is =5, the diffTerence =3, and the number of terms =32: we must begin by using the 
rules in subsections 735. tt seq., by which we determine the last term to be 
= 5 + 31x3 = 98, after which the sum is immediately seen to be =™g — =103x16 
= 1648. Generally, to find the sum of the whole progression, let the first term be =a, the 
difference =d, and the number of terms =n. Now, as by the preceding subsection the last 
term must be =a + (n — I)d, the sura of the first and last will be 2a + (n — 1) d; multiplying 
this sum by the number of terras n, we have 2iia + 7i(n — l)d; the sura required, therefore, 
will be =na + ^^^^, and this formula, applied to the preceding example, gives 1648, 
as before. 

747. Suppose it required to add together all the natural numbers from 1 to n, we have 

for resolving the question the first term =1, the last term =7t, and the number of terms 
= », the sum required is Let n be =1766, then the sum of all the num- 

bers from 1 to 1766=883 x 1767 = 1560261. 

748. If a progression of uneven numbers be proposed, 1, 3, 5, 7, &c. continued to u 
terms, and the sum be required. We have the first term =1, the difference =2, the 
number of terms =»; the last term will therefore be =1 + (n — l)2 = 2a— 1, and, conse- 
quently, the sum =nn. Hence, whatever number of terms of this progression are added 
together, the sum will always be a square, namely, the square of the number of terms, as a 
view of the following table will render manifest ; — 

Indices - - 1 2 3 4 5 6 7 8 9 10, &c. 

Progression - 1 3 5 7 9 II 13 15 17 19, &c. 

Sum - - - 1, 4, 9, 16, 25, 36, 49, 64. 81, 100, &c. 

The subjoined table exhibits formula for diflTerences up to 10 : — 


Ifrf=l 

the sum wiU be =n + 5^2 

II 

"t! 

2n(n — 1) 

— =n+ 2 — —nn 

d=3 

3«'n — I) Snn — n 

_n+ 2 — 2 

II 

4n{/i— 1) 

— =n^ 2 — =2/in— n 
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If J=5 the sum will be 

5n(n — i) 5nn — 3n 

-»+ 2 - 2 

d—6 — 

. 6n(» — 1) 

= n H 2 — = 3nn—2n 

d = 7 — 

7n(n — 1) Inn — 5n 
— n+ 2—2 

1 

00 

II 

. 8«(n— 1) . 

= n-\ 2 — ^ = \nn — 3a 

d=9 — 

9n{«_l) 9n»— 7» 

-n+ 2 2 

d=lO — 

. 1) 

=n+ 2 — 


GEOMETRICAL RATIO. 

749. We have before observed that the geometrical ratio of two numbers is found by an- 
swering the question how many times is one of those numbers greater than the other, the 
quotient being the ratio required. Three things here present themselves for consideration. 
Firstly, the first of the two given numbers, which is called the antecedent ; secondly, the 
other number, which is called the consequent ; thirdly, the ratio of the two numbers, or 
quotient arising from the division of the antecedent by the consequent. Thus, if the relation 
of the numbers 1 8 and 1 2 be sought, 1 8 being the antecedent, and 1 2 the consequent, the 
ratio will be || = l7V whence we see the antecedent contains the consequent once and a half. 
Geometrical relations are generally represented by a point placed above another between 
the antecedent and the consequent, llius a b signifies the geometrical relation of these 
two numbers, or the ratio of b to a. The sign just mentioned has, in a previous page, been 
given as indicating division, and it is on that account here used, because, in order to know 
the ratio, we divide a by h. The relation is merely read o is to h. On this account rela- 
tion is expressed by a fraction whose numerator is the antecedent and denominator the 
consequent. It is hardly necessary to say that this fraction should, for perspicuity sake, 
appear in its lowest terms. Thus if both terms be divided by 6, becomes 

750. Hence relations differ as their ratios are different; and there are, of course, as 
many kinds of geometrical relations as we can imagine different ratios. The first kind is 
that wherein the ratio becomes unity, which, of course, happens when the two numbers are 
equal, as in 3 : 3, 4 : 4 ; ct : u, and because the ratio here is 1 , it is called the relation of 
equality. The relation then follows in which the ratio is another whole number ; in 4 I 2 
the ratio is 2, and is called a double ratio ; in 1 2 : 4, the ratio being 3, it is called a triple 
ratio ; in 24 : 6 the ratio is 4, and is called a quadruple ratio. It is necessary, also, to 
notice those relations whose ratios are expressed by fractions, as 1 2 : 9, where the ratio is 

or IJ; 18 : 27, where the ratio is f, &c. Those relations, as 6 : 12, 5 : 15, &c., wherein 
the consequent contains e-xactly twice, thrice, &c. the antecedent, are sometimes called 
subduple, subtriple, &c. ratios. The term rational is applied to ratios that are expressible 
numbers, the antecedent and consequent being integers, as 11 : 7, 8 : 15, &c, ; and that 
of irrational, or surd, is applied to ratios neither expressible by integers nor by fractions, 
as V5 ; 8, 4 ; VS. 

751. If a be the antecedent, b the consequent, and d the ratio, Were the con- 

sequent 6 given with the ratio, we should find a = bd, for bd divided by b gives d. 
Finally, when the antecedent a is given, and the ratio d the consequent, b=^ ; for, dividing 
the antecedent a by the consequent (or its equivalent)^, we obtain the quotient d, that is, 
the ratio. In whatever way we multiply or divide the consequent and antecedent by the 
same number, every relation a l b remains the same, because the ratio is the same. Let d 
be the ratio of a : we have then : now the relation na : n& is still ^=d, and likewise 
^ ^ is still ^=d. So, also, when a ratio has been reduced to its lowest terms, the relation 

is easily perceived and enunciated ; for, let the ratio ^ be reduced to its lowest terms -> 
we say, a : b=p : q, a : by.p : q, which is read a is to 6 as p is to 9. Thus the ratio of 
the relation 6 ; 3 being or 2, we say, 6 ; 3 = 2 ; 1. So, 18 ; 12 = 3 : 2, and 2418 : 
= 4 : 3, &c. But if the ratio be not su-sceptible of abridgment, the relation does not 
become more evident, and we do not simplify a relation by saying 9 : 7 = 9 : 7. We may, 
however, change the relation of two large numbers into one more simple and evident 
by reducing both to their lowest terms, for we may say, 14484 : 7242 = 2 : 1, or 15819 

; 10546 = 3 ; 2, or 57600 ; 25200 = 16 ; 7. All relations, therefore, should be reduced 
to the lowest possible numbers, which is readily done by dividing the two terms of the 
relation by their greatest common divisor. Thus, to reduce the relation 57600 : 25200 to 
that of 16 : 7, we have only to perform the single operation of dividing the numbers 576 
and 252 by their greatest common divisor, 36. The method of finding a common divisor 
of two given num^rs will be given in the following subsection. 



Chaf. I. 


ARITHMETIC AND ALGEBRA. 


273 


6REAT£ST COMMON DIVISOR. 

752. There are many numbers whose only common divisor is unity, and where the nu- 
merator and denominator belong to this class, the fraction cannot be reduced to a more 
convenient form. Such is the case with the numbers 48 and 35 ; hence, as the division of 
48 ; 35 can only be divided by 1 , their relation cannot be more simply expressed. But if 
two numbers have a common divisor, the greatest they have is found by the following rule. 
Divide the greater by the lesser number, and divide the preceding divisor by the re- 
mainder ; the remainder resulting from the last division again becomes the divisor for a 
third division wherein the preceding divisor is to be the dividend. This operation being 
repeated till we arrive at a division to which no remainder is left, the last divisor will be 
found to be the greatest common measure or divisor of the two given numbers. Now, let 
us apply this to the two numbers 504 and 312, whereof we require the greatest common 
divisor. 

312)504(1 

312 

192)312(1 

192 

120)192(1 

120 

72)120(1 

72 

48)72(1 

48 

24)48(2 

48 

O 

Here we perceive that the last divisor is 24, and dividing 504 and 31 2 by it, we find that 
the relation 504 : 312 is reduced to the form 21 I 13. 

Let the relation 456 : 721 be given to find the greatest common divisor. 

456)721(1 

456 

265)456a 

265 

191)265(1 

191 

74)191(2 

148 

43)74(1 

43 

31)43(1 

31 

12)31(2 

24 

'7)12(1 

7 

7 ) 7(1 

5 

2)5(2 

4 

1)2(2 

2 

O 

T 
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In this case 1 is the great^t common divisor, and we cannot express the relation 721 : 456 
by less numbers, nor reduce it to less terms, than those in which it appears. 

753. To demonstrate this rule, let a be the greater and h the less of the given numbers, 
and let d be one of their common divisors ; it is evident that a and h being divisible by <?, 
we may also divide the quantities a — 5, a— 26, a — 36, and, in general, a — nh, by d. Equally 
true must be the converse, that is to say, if the numbers 6 and a--nh are divisible by d, the 
number a will be also divisible by d. Farther, if d be the greatest common divisor of two 
numbers 6 and a — n6, it will also be the greatest common divisor of the two numbers a 
and 6 : for if a greater common divisor than d could be found for the numbers a and 6, it 
would also be a common divisor of 6 and a-^nb^ and consequently d would not be the 
greatest common divisor of these two numbers. But we have supposed d the greatest 
divisor common to 6 and a--n6, wherefore it must also be the greatest common divisor of 
a and 6. With these considerations before us, let us, according to the rule, divide the 
greater number a by the lesser 6, and let us suppose the quotient =n ; the remainder will 
be a^?ib, which must be less than 6. This remainder a — nb having the same greatest 
common divisor with 6 as the numbers a and 6, it is only necessary to repeat the division, 
dividing the preceding divisor 6 by the remainder a — nb ; and the new remainder which is 
obtained will still have with the preceding divisor the same greatest common divisor, and 
so on. Proceeding in this way till we arrive at a division without a remainder, that is, in 
which the remainder is nothing, let p be the last divisor contained exactly a certain 
number of times in its dividend, which will therefore be divisible by p, and will have the 
form mp ; so that the numbers p and mp are both divisible by p, and as no number can be 
divided by a number greater than itself, it is clear that they have no greater common 
divisor. Therefore the last divisor is the greatest common divisor of the given numbers 
a and 6, and the rule laid down is thus demonstrated. 


GEOMETRICAL PROPORTION 

754. When their ratios are equal, geometrical relations are equal, such equality of re- 
lations being called a geometrical proportion : thus we write a b = c \ d, or a \ b'.'.c d^ 
thereby indicating that the relation a i 6 is equal to the relation c d, which is expressed 
in language a is to 6 as c to d. Such a proportion is 4 : 1 = 1 2 : .3, for the relation of 4 : 1 
is and this also is the relation of 12 l 3. Thus, a \ h=e being a geometrical propor- 
tion, the ratio is the same on both sides, and g and, reciprocally, if the fractions 
^ and 2 equal, we have a *. b II c ’ d. Hence, a geometrical proportion consists of 
four terms, such that the first divided by the second gives the same quotient as the third 
divided by the fourth ; and hence, also, is deduced an important property common to all 
geometrical proportion, namely, that the product of the first and last term is always equal 
to the product of the second and third, or, in more simple language, the product of the ex-, 
tremes is equal to the product of the means. 

755. To demonstrate this last named property, let us take the geometrical proportion 

a ; b~c ; d, so that ^ Multiplying both these fractions by 6, we obtain « = and 

again multiplying both sides by d, we have ad = bc. Now, ad is the product of the ex- 
tremes, be that of the means, and these two products are found to be equal. Reciprocally, 
when a, 6, c, d are such numbers that the product of the extremes a and d are equal to 
the product of the means 6 and c, we may be certain that they form a geometrical pro- 
portion. For, since ad = bc, we have only to divide both sides by 6d, which gives us 

therefore a ; 6 = c : d. 

756. The transposition of the four terms of a geometrical proportion, as a : c~& : d does 

not destroy the proportion, for the rule being that the product of the extremes is equal to 
the product of the means, or ad = 6c, we may also say, 1st, 6:u = d:c; 2d a ' c = b ’ d- 
Sd, d : 6 = c : a; 4th, d : c = 6 : a. Besides these, some others may be deduced from the 
same proportions a ; 6 = c : d; thus we may say a + 6 : a^c-Hd ; c; that is, the first term 
added to the second is to the first as the third added to the fourth is to the third. So also 
a — h : a = c— d : c. For, taking the product of the extremes, we have ac—hc=ac^ad, 
which leads to the equality ad = be. ’ 

757. All the proportions deduced from a ; 6 = c ; d may be generally represented as 
follows : — 

ma + nb pa + qb = me + nd I pc + qd; 

For the product of the extremes is mpac + npbc + mqad + nqbd, which, because ad=bc be- 
comes mpac + npbc + mqbc -i- nqbd. Farther, the product of the means is mpac-i-mqbc + 
npad+nqbd; or, as ad=bc, it is mpac + Tnqbc + npbc + Tiqhd ; so that the two products are 
equal. It is therefore evident that from any geometrical proportion an infinite number of 
others may be deduced ; take, for example, 9:3 = 18:6, and we may have 
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3 : 9 = 6 : 18; 9 : 18 = 3 : 6; 12 : 9 = 24 : 18 ; 

3 ; 3 = 6 : 6; 12 : 24=3 ; 6; 12 ; 3=-:24 : 6; 

besides many others. 

758. Since in every geometrical proportion the products of the extremes and of the means 
are equal, we may, when the three first terms are known, find the fourth from them. Thus, 
suppose the three first terms to be 9 ! 3—18 I the quantity sought. Now the product of 
the means is 3 x 18, or 54; the fourth term must therefore be I, which multiplied into the 
first will produce that number ; if, then, the product 54 of the means be divided by the 
first term 9, we shall have 6 for the fourth term, and the whole proportion will stand 

9 i 3 = 18 : 6. In genera], therefore, if the three first terms are a b = c l we 

put d for the unknown fourth letter; and since ad=bc, we divide both sides by a, and 

have so that the fourth term =^, or is found by multiplying the second and 

third terms and dividing the product by the first term. This is the foundation of the cele- 
brated RULE OF THREE in arithmetic, wherein three numbers are given to find a fourth 
in geometrical proportion, so that the first may be to the second as the third is to the 
fourth. And here we must note some peculiar circumstances which follow. 

759. If in two proportions the first and third terms are the same, as in a : 6 = c : rf, and 
a I f—c * gy then the two second and the two fourth terms will also be in geometrical pro- 
portion, and b : d=f g. For the first proportion being transformed into a \ c = h dy and 
the second into a \ c=f I g, the relations 6 : d and / : g must be equal, since each of them 
is equal to the relation a \ c. In numbers, if 5 : 25 = 3 : 15, and 5 : 40 = 3 I 24, we must 
have 25 : 40=15 \ 24. But if the two proportions be such that the means of both are the 
same, then the first terms will be in an inverse proportion to the fourth terms. Thus, if 
a \ 5 = c \ dy and/ : b = c g, thena '.f=g I d. Innumbers, for example, 24 I 8 = 9 : 3, and 
6 : 8 = 9 : 12, we have 24 : 6 = 12 : 3. And the reason is evident, for the first proportion 
gives ad=5c ; the second fg ^bc ; therefore ad= fgy and a \ f=g \ dy or a g\\f d. 

760. If two proportions are given, a new one may always be produced by separately 
multiplying the first term of the one by the first term of the other, the second by the se- 
cond, and so on with respect to the other terms. Thus, a b=c \ d and e \f=g \ h will 
furnish ae bf^cg dh. For the first gives ad=6c, and the second ehssfg, we have also 
adeh = bcfg. But adeh is the product of the extremes, and bcfg is the product of the means, 
in the new proportion. So that the two products are equal, and the proportion is true. 
Let them, for example, be 8 : 2 = 20 : 5 and 6 : 9 = 14 : 21 ; the combination will be 
6x8 : 2 X 9 = 20 X 14 ; 5 X 21, or 48 : 18 = 280 : 105. 

761. Lastly, if two products are equal, arf=5c, the equality may be converted into 
geometrical proportion, for we shall always have one of the factors of the first product in 
the same proportion to one of the factors of the second product, as the other factor of the 
second product is to the other factor of the first product ; that is, in the present case, 
a c — b dy or a \ b = c d. In numbers, 3x8 =4 x 6 ; and this proportion may be formed 
8 ; 4 = 6 : 3, or 3 ; 4 = 6 : 8. 

762. We do not think it necessary to pursue the subject here by examples of the use of 
proportion, without which the occurrences of common life could scarcely be carried on. Its 
basis is here explained, and the application must be obvious to the readers of this work. 

COMPOUND RELATIONS. 

763. If we multiply the terms of two or more relations, antecedents by antecedents, 
and consequents by consequents, compound relations are obtained ; that is, the relation be- 
tween the two products is compounded of the relations given. 'Xlius the relations a \ by 
c \ d, elf give the compound relation ace I bdf. Each of these three ratios is said to be 
one of the roots of the compound ratio. 

764. As a relation continues the same if both its terms are divided by the same number, 
in order to abridge it, we may greatly facilitate the above composition by observing whether 
among the first terms some are not found having common divisors with some of the 
second terms : for if so, those terms are destroyed, and the quotient arising from the divi- 
sion by that common divisor substituted, of which the following is an example. Let the 
relations given be 1 2 I 25, 28 I 33, and 55 I 56. 

■s? 

Vl. X 

2 ; 5 

Whence we see that 2 : 5 is the compound relation required. 

765. The same operation is performed if we are calculating by letters ; and a remarkable 
case occurs, when each antecedent is equal to the consequent in the preceding relation : 
thus, if the given relations are 

T 2 
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a I b, 
h I e, 
c I df 
d ; 
e I Of 

The compound relation is 1 : 1. 

766. We may perceive the utility of these principles by applying them, for instance, to 
the relation between two rectangular fields, which is compounded of the relations of the 
lengths and breadths. Let one of them. A, be 500 ft. long and 60 ft. wide, and the other 
B, be 360 ft. long and 60 ft. broad ; then the relation of the lengths is 500 : 360 ; that of 
the breadths 60 I 100. Thus we have 

5,^fOQ ;^^J6Q,6 

'64:Toq 

5 : 6 

Whence the field A is to the field B as 5 to 6. 

767. So, again, if we wish to compare two rooms with respect to their space or contents, 
we are to recollect that here the relation between them is compounded of three relations 
namely, that of the lengths, that of the breadths, and that of the heights. Let the room 
A be 36 ft. long, 16ft. broad, and 1 4 ft. high ; and the room B be 42 ft. long, 24 ft. broad, 
and 10 ft. high ; we have the relations as follow : — 

A B 

For the length V 

For the breadth 2, :^94, ^4^ 

For the height 2, 5 

4 : 5 

So that the capacity of the room A is to that of the room B as 4 to 5. 

768. When the relations thus compounded are equal, multiplicate relations result ; 

namely, two equal relations give a duplicate ratio or ratio of the squares. Three equal rela- 
tions produce the triplicate ratio, or ratio of the cubes, and so on. ITius the relations a • b 
and a ; 6 give the compound relation aa : bb; whence we say that the squares are in the 
duplicate ratio of the roots; and the ratio a : b multiplied thrice, giving the ratio a3 • 63 
shows that the cubes are in the triplicate ratio of the roots. * * 

769. From a knowledge of Geometry, we learn that two circular spaces are in the 
duplicate relation of their diameters ; which means, that they are to each other as the 
squares of their diameters. Suppose A to be such a space, having a diameter =45 ft • 
B another circular space, whose diameter = 30 ; then the first space will be to the second as 
45 X 45 to 30 X 30, or, compounding the two equal relations, 

2 

3, 45 2 


9 : 4 

Whence we see the two areas are as 9 to 4. 

770. Again, it is known that the solid contents of spheres are in the ratio of the 
cubes of the diameters. Thus, the diameter qf a globe. A, being 1 ft., and the diameter of 
another globe, B, being 2 ft. ; the solid contents of A will be to those of B as 13 • 23 or as 
1 to 8. If, therefore, the spheres are composed of similar substances, the sphere B will 
weigh 8 times as much as the sphere A. 

771. The ratio of two fractions g ; ^ may always be expressed in integer numbers, since 
we have only to multiply the two fractions by bd to obtain the ratio ad : be, which is'eoual 
to the other; and if od and be have common divisors, the ratio may be ’reduced te le.. 
terms. For instance, ^ : y = 15 x 36 : 24 x 25 = 9 : 10. 


772. Suppose we sought the ratio of the fractions i and it is evident we should have 

a, which is expressed by saying that two fractions which have unity for their de- 
nominator are in the reciprocal or inverse ratio of their denominators. So when any two 
fractions have a common enumerator, for ^ : ? = 6 ; a. men, however, two fractions have 
their denominators equal, as f , they are in the direct ratio of their numerators, that is, 
as a : 4. 'nus, f : ; .^ = 6 : 3 = 2 ; 1 and >,» : 1,5 = 10 ; 15 or 2 ; 3. 

773. It IS upon the principles here laid down that we are enabled to resolve questions in 

what IS j^ed in l^ks of arithmetic, the role of five, as, for example, inihe follow 
mg questio^_If 25 pence per day be given to a labourer, and it is required to Low 
what must be given to 24 labourers who have worked 50 days, we state it thus • 
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1 : 24 masons. 

1 ; 50 days. 

1 : 1200 = 25 (pence) : . . . . ^^25 
25 

12)30000 

20)2500 

125 

GEOMETRICAL PROGRESSION. 

774. When the numbers of a series increase or decrease by becoming a certain number of 
times greater or less, the series is called a geometrical progression^ because each term is to the 
following one in the same geometrical ratio. The number expressing how many times 
each term is greater than the preceding is called the exponent : thus, if the first term = 1 
and the exponent =2, the geometrical progression becomes, 

Terms 12345 6 7 8 9 &c 

Progression 1, 2, 4, 8, 16, 32, 64, 128, 256, &c. 

In which the numbers 1, 2, 3, &e. mark the place which each term holds in the progres- 
sion. Generally, if the first term =a and the exponent =6, we have the following geome- 
trical progression — 

Terms 12345678 n 

Progression a, ab^ ah-, ab^, ab^y ab\ aW . . . 

Thus, when the progression proceeds to n terms, the last term is =ra5” ^ If the ex- 
ponent b be greater than unity, the terms continue to increase; if the exponent ftssl, the 
terms are all equal ; and, lastly, if the exponent h be less than 1 , or a fraction, the terms 
continually decrease. So if assl and 6= J, we have the geometrical progression 1 , J, j, 

g'j, ^ &c., wherein we have for consideration, 

First — The first term, which has been called a. 

Second — The exponent, which has been called h. 

Third — T he number of terms a 
Fourth — The last term, which has been found 
Hence, if any three of these be given, the last term may be found by multiplying the n — 1 
power of b, or 6"“*, by the first term a. 

'115. If, therefore, in the geometrical progression 1,2, 4, 8, &c. the fiftieth term be re- 
quired, we have a*l, 6 = 2, and nss50, consequently the fiftieth term is =2^^. Now 
2^=512, and 21^ = 1024. Wherefore the square of 2-0 = io48576, and the square of this 
number or 1 0995 11 627776 = 2 and multiplying this value of 2^® by 2^^ or 512, we have 
2^'' = 562949953421312. 

776. One of the most usual questions which occur relative to geometrical progression 
is to find the sum of the terms, the mode of doing which we shall now explain. Let the 
following progression of ten terms be given : — 

1, 2, 4, 8, 16, 32, 64, 128, 256, 512. 

We will represent the sum by s, that is,s = l+ 2 + 4 + 8 + I6 + 32+64+128 4- 256 + 51 2. 
Double both sides and we have 25 = 2 + 4 + 8 + 16 + 32 + 64 + 128 + 256 + 512 + 1024. Sub- 
tracting from this the progression represented by s we have s = 1 024 — 1 = 1 023 ; wherefore 
the sum required is 1023. 

777. Suppose in the same progression the number of terms is undetermined and =n, so 
that the sum in question or 5 = 1 + 2 + 2* + 23 + 2'* . . . . 2*^^ If we multiply by 2 we 
have 25 = 2 + 22+ 23 + 2-* . . . . 2”, and subtracting the preceding from the last equation 
we have 5 = 2^* Hence we see that the sum required is found by multiplying the last 
term 2”~* by the exponent 2 in order to have 2”, and subtracting unity from that product. 

778. Suppose, generally, the first term =a, the exponent =6, the number of terms =«, 
and their sura =s, so that 

8 = a + ah ah- ■¥ ab^ + ah* + .... al ^ — k 
Multiply by 6, and we have 

65 = 06 + a62 + a63 + a6* + + .... 06", 

and subtracting the first equation, the remainder is (6 — 1)5 = 06" — a, whence is easily 
deduced the sum required, s = WTience it follows that the sum of any geome- 

trical progression may be found by multiplying the last term by the exponent of the pro- 
gression, subtracting the first term from the product and dividing the remainder by the 
exponent minus unity. 

T 3 
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779. Let there be a geometrical progression of seven terms, whereof the first =3 and 
the exponent = 2 . Then a = 3, 6 = 2, and n=7. The first term will =3 x 26, or 3 x 64 
= 1 92, and the progression will be 


3, 6 , 12, 24, 48, 96, 192. 

Multiplying the last term 1 92 by the exponent 2 we have 384 ; subtracting the first term 
the remainder is 381 ; and dividing this by 6 — 1 or by 1, we have 381 for the sum of the 
whole progression. 

780. When the exponent is less than 1, and the terms of the progression consequently 
diminish, the sum of such a decreasing progression, which would go on to infinity, may 
nevertheless be accurately expressed, 'fhus, let the first term = 1 , the exponent A, and the 
sum =s, so that 

s = l + 5 + ^ + B + T^ + 32+^ 

Multiply by 2, and we have 

2 s = 2 + 1+1 + ^+ ! + + &c. ad infinitum 

subtracting the preceding progression the remainder is s = 2 for the sum of the proposed 
infinite progression. In general, suppose the first term =a and the exponent of the pro- 
gression = ^ (a fraction less than 1 ), and consequently c is greater than 6 , the sum of the 
progression will be found tlius : 


multiplying by 


Make s=a + 
we shall have 


ab ab- . ali^ , ab^ 


, &c. ; 


ab ab* . « j * j? •* 

} = ^- + infinitum; 


subtracting, the remainder is (1 --)s=a. Hence s = Multiplying both terms of the 

fraction by c we have therefore, of the progression is found by dividing 

the first term a by 1 minus the exponent, or by multiplying a by the denominator of the 
exponent, and dividing the product by the same denominator, diminished by the numerator 
of the exponent. 

781. are found the sums of progressions whose terms are alternately affected by the 
signs + and — . For example : 


ab , ab"^ , ab* ^ 

+7;r-:^ + --r4'-> 


Multiplying by - wc have 


b 


ab^ . ab^ ab* « 
^2‘ >3 


Adding to this equation that preceding we obtain (I + *)s = a. Whence the sum required is 
s = “ 6 , or Thus, if the first term a = |, and the exponent ; that is to say, 6 = 2 

and c= 5 , we shall have for the sum of the progression | + + ^3 + , &c. = 1 : for by 
subtracting the exponent from 1 there remains | ; and by dividing and dividing the first 
term by that remainder the quotient is 1 . 

782. Suppose the terms were alternately positive and negative, thus — 


the sum will be 


3 _ 6 I_ 12 24 

5 55^^123 625’ 


&c.. 



In the infinite progression, 

TO TOT ■*' TOTo “ loSoo TOTOTiJ’ 

the first term is and the exponent 3 * 5 . Subtract this last from 1 , and the remainder 
is If we divide the first term by this fraction the quotient is J for the sum of the pro- 
gression ; so that by taking only one term of the progression, namely, the error is 
only tL. But taking two terms, ^ + i^o=TO 6 ’ ***®’^® would still be wanting to make the 
sum = ^. 

We shall conclude with another example in the infinite progression : — 


9 TO + TOT + Ttfe + 76OT5’ 


Here the first term is 9 and the exponent Then 1 minus the exponent and 
J- = 10, the sum required. This series is thus expressed by a decimal fraction 9'9999999, 81 c. 
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INFINITE DECIMAL FRACTIONS. 

783. It has already been seen that decimal fractions are used in logarithmic calculations, 
in which vulgar fractions would be useless and cumbersome. In other calculations they 
are of such importance that we shall here dwell upon them, and show how to transform a 
vulgar fraction into a decimal, and the converse. 

784. Generally let it be required to change the fraction ^ into a decimal fraction. Now, 
as this fraction expresses no more than the quotient of a divided by b, instead of a let us 
write a • 0000000 , whose value does not at all differ from a, since it contains neither tenth 
nor hundredth parts. Let us divide this by 4 by the common rules of division, taking care 
to put in the proper place the point which separates the decimals and the integers, and the 
operation is performed. Let the fraction, for example, be equivalent to ^ the division in 
decimals will then stand thus : — 


2 ) 1-0000000 

0-5000000 


From this it appears that ^ =0-5000000 or 0-5 ; which is sufficiently manifest, since 
this decimal fraction represents ■^, which is the same as 

785. Let the given fraction be 3 , and we have 

3) 1-0000000 , 

O -3333333 

786. From this it is seen that the decimal fraction equivalent to J cannot be discontinued, 

but that the number 3 is repeated ad infinitum. Indeed, it has been already seen, in the 
preceding article, that the fractions .^ + added together make J. In the 

same way, the decimal fraction which expresses the value of | is 0 - 6666666 , evidently the 
double of J. 

787. Suppose ^ to be the proposed fraction, we have 

4) 1 -0000000 
"0^-2500000 

so that ^=0-2500000 or 0-25. The proof whereof is that T^ = -OT=i. 

788. In the same way for the fraction J, we have 

4 )3-00 00000 „ 

0-7500000 


Thus we see 5=0-75, that is, .^ + 353 = 55 ^= 5 . 

789. The fraction | is changed into a decimal fraction by making 

4)5-0000000 , 

"1^500000“’’ 


for 1 -f 

790. ^ J will be found =0 2 , | = 0-4, 1 = 0 - 6 , 1=0-8, f = 1 , | = 1 - 2 , &c. In the occurrence 
of the denominator 7, the decimal fractions become a little more complicated ; thus we have 
13j0-142857142857, &c., in which the six figures are continually repeated. By transform- 
ing this decimal fraction into a geometrical progression, we may see that it precisely expresses 


the value . 


and the exponent =y 


Hence 


the sum =■ (multiplying both terms by 10000000)=^. There is, how- 

^ lOOOOOO . 

ever, a simpler mode of proving that this decimal fraction is exactly by substituting for its 
value the letter s, as under : — 


s 

lOs 
100 s 
1000 s 
10000 s 
100000 s 
1000000 s 
Subtract s 


0*142857142857, &c. 
1*428571428571, &c. 
14*285714285714, &c. 
142-857142857142, &c. 
1428*571428571428, &c. 
14285-714285714285, &c. 
142857*142857142857, &c. 
0*142857142857, &c. 


999999s = 142857 

Now, dividing by 999999, we shall have hences = f 

791. The same will be seen by trial upon other fractions whose denominator is 7, the 
decimal fraction being infinite and six figure continually repeated. The reason is, that in 
continuing the division, we must return to a remainder which has already been had ; and in 

T 4 
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that division only 6 different numbers can form the reminder, namely, 1 , 2, 3, 4, 5j 6 ; so 
that after the sixth diiision the same figures must return. 

792. With the denominator 8 we have the following decimal fraction : |=0*125, | = 0'25, 
1=0*375, 1=0-5, 1=0*625, |=0-75 J=0*875, &c- With 9 for the denominator, we have 
1=0*11111, &c.; 1 = 0*22222, &c.; |=0*33S33, &c. With 10 for the .denominator, we 
have ■^ = 0 * 1 , -^3 = 0 * 2 , ■^ = 0*3, which, indeed, is manifest from the nature of the thing; as 
also that ^ must be 0 * 01 , and -^=0*37; that ^^ = 0*472, and that -j^j§j5=0*0015. If 
the denominator be II, then = 0*0909090, &c. Suppose we desired to know the value of 
this decimal fraction, call it s, then 

s = 0-0909090, &c. 

10s = 0*9090909, &c. 

100s = 9*0909090, &c. 

Subtract s, and we have 99 s = 9 ; consequently s=^g=-^ ; so with &c. 

793. Inhere are many of these decimal fractions which are called recurring, sometimes 
with two, and at other times with more, figures. Their values may be found without 
difficulty. Thus in the case of a single figure constantly repeated, let it be represented 
by a, so that s=0’(iaaxiaaa, we have 

10 s = a'aaaaaaa 
subtracting s = O'aaaaaaa 

we have 9s = a, so that s = ^. 

794. In the case of two figures, as ah, we shall find s In the case of three figures, 

as ahc, we shall have s and so on. 

795. So that if a decimal fraction occurs, it is easy to find its value; for instance, of 

0*296296, the value will be which fi’action, it may easily be proved, will give again 

the decimal fraction required. 

796. We shall close this section with a curious example of changing into a decimal 

fraction the vulgar fraction ^ x 4 x 5 x ^6 x 7 x 8 x 9 x ny operation whereof is as follows : — 

2 ) 1-00000000000000 

3) 0*50000000000000 

4) 0*16666666666666 

5) 0*04166666666666 
6 ) 0*00833333333333 

7) 0*00138888888888 

8) 0-00019841269841 

9) 0-00002480158730 

10) 0-000002755731 92 

0*00000027557319. 

CALCCLATIOK OF INTEREST. 

797. Interest, or the value of the use of money, is usually expressed per cent, or after 
the rate per hundred on the principal lent. Thus, if we put out 500 pounds sterling at 
5 per cent., it signifies that for every hundred pounds the lender is to receive five poimds 
per annum during the continuance of the loan. The solution of this question, which is 
one merely of simple interest, is so obvious, that it is uimecessary further to detain the reader 
upon it ; and we therefore pass on to compound interest, or interest upon interest which 
arises from the principal and interest taken together, as it becomes due at the end of each 
stated time of payment. 

798. In the resolution of this question, we are to consider that 1007. at the end of a year 

becomes 1057. Let a = principal. Its amount at the end of the year is found by saying, 
if 100 gives 105, what will a give ; and we answer which may be also expressed 

X a, or a + ^ X a. 

799. Thus, by adding its twentieth part to the original principal, we have the principal 
at the end of the first year ; adding to this last its twentieth, we know the amount of the 
given principal in two years, and so on. Hence the annual increases to the principal may 
^ easily computed. Suppose, for instance, the principal of 10007. Expressing the values 
in decimal fractions, it will be worth — 
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After 1 year 

- 

- £-1050 

52-5 

One year’s interest on i^l050. 

After 2 years - 

- 

- 1102*5 

55*125 

— 1102-5 

After 3 years - 

- 

- 1157-625 
57-881 

~ 1157-625 

After 4 years - 

- 

- 1215-506 
60-775 

— 1215*506 

After 5 years - 

- 

- 1276-281 

&c. 


The method above exhibited would, however, in calculations for a number of years, become 
very laborious, and it may be abridged in the following manner. 

800. Let the present principal ~a ; now, since a principal of 20/. will amount to 21/. at 

the end of a year, the principal a will amount to x a at the end of that time. At the end 
of the following year the same principal will amount to^ x a = (l^)- x a. This principal 
of two years will, the year after, amount to (55)’ x «, which will therefore be the principal 
of three years ; increasing in this manner, at the end of four years the principal becomes 
(|J)^ X a. After a century it will amount to x a, and in general (U)^ x a is the 

amount of the principal after n years ; a formula serving to determine the amount of prin- 
cipal after any number of years. 

801. The interest of 5 per cent., which has been taken in the above calculation, de- 

termined the fraction Had the interest been reckoned at 6 per cent, the principal a 
would at the end of a year be (jjJ) x a ; at the end of two years to x a ; and at the end 

of n years to (^) ” x a. Again, if the interest be at 4 per cent, the principal a will, after n 
years, be (^) ” x a. Now all these formulae are easily resolved by logarithms ; for if, 
according to the first supposition, the question be (|i)” x a, this will be L.(U)” + L.a, and 
as (U) ” is a power, we have L.(^) " — mL. : so that the logarithm of the principal re- 
quired is =n X L.a, and the logarithm of the fraction |^ = L.2I — L.20. 

802. We shall now consider what the principal of 10001. will amount to at compound 
interest of 5 per cent, at the end of 100 years. Here n = 100. Hence the logarithm of 
the principal required will be =100L.|J+ L.IOOO, calculated as under ; — 

L.21 =1-3222193 
Subtracting L.20= 1 -3010300 

L.U=0-0211893 
Multiply by 100 

100 L.U=2-I 189300 
Add L. 1000 = 3 -0000000 

5 -11 89300 = Logarithm of the principal 
required ; from the characteristic whereof the principal must be a number of six figures, 
and by the tables it will appear to be 131,501/. In tlie case of a principal of 3452/. at 
6 per cent, for sixty-four years, we have a = 3452 and n = 64. Principal at the end of the 
first year therefore =^ = 53, Hence the logarithm of the principal sought = 64 x L,M + 
L. 3452, which will be found to amount to 1 43,763/. 

803. When the number of years is very great, errors of considerable magnitude may 
arise from the logarithms not being sufficiently extended in the decimal places ; but as our 
object here is only to show the principle on which these calculations are founded, we do 
not think it necessary further to pursue that subject. 

804. There is another case which now requires our consideration ; it is that of not only 
adding the interest annually to the principal, but mcreasing it every year by a new sum 
= b. The original principal a would then increase in the following manner : — 

After 1 year, + 5 

After 2 years, (|J)2a + + b 

After 3 years, (lj>’a + + 116 + 6 

After 4 years, (Mpa + (^yb + (|J)25 + ^ + b 

After n years, + + + |>5 + /, 

This principal evidently consists of two parts, whereof the first =(U)”a, and the other, 

taken inversely, forms the series 5 + =16 + (|l)®6 + (U)’6 + (23)“' '6. This last series is 

evidently a geometrical progression, whose exponent = |^. Its sum, therefore, will be found 
by first multiplying the last term (%y‘~^b by the exponent |J, which gives (|J)”6. Sub- 
tract the first term 6, and we have the remainder (fj)”6 — 6 ; and lastly, dividing by the ex- 
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ponent minus 1 , that is, by ^ we have the sum required, =5 ^ “ 206. Wherefore the 

principal sought is (M)”« + 20(|J)”6-205=-(|J)® x (a + 206)-206. 

805. To resolve this formula we must separately calculate its first term (|J)“ x (a+ 206), 
which is nL. ^ + E.(a + 206), for the number which answers to this logarithm in the tables 
will be the first term, and if from this we subtract 206 we have the principal sought. 

806. Suppose a principal of 1000/. placed out at 5 per cent, compound interest, and to it 
there be annually added 100/. besides its compound interest, and it be required to know to 
what it will amount at the end of 25 years. Here a = 1000, 6 = 100, n — 25; and the 
operation is as follows : — 

L.|^ =0-021 189299 

Multiply by 25 we have 251^.1^ = 0*5297.824750 
L. (a + 206) = 3 *477 1213135 


= 4-0068537885 


The first part or number which answers to this logarithm is 10159*1/. ; from which if we 
subtract 206 = 2000 we find the principal in question to be after 25 years 8159*1/. 

807. If it be required to know in how many years a principal of 1 000/. under the above 
conditions would amount to 1 ,000,000/. ; let n be the number of years required, and since 
0 = 1000,6 = 100, the principal at the end of n years will be (|1)”( 3000) — 2000, which sum 
must make 1 ,000,000/. ; whence results this equation : — 


3000 (§^)”- 2000 = 1000000 
Adding to both sides 2000 we have 3000 (|^) ” = 1002000 
Dividing both sides by 3000 we have (|i) = 334 
Using logarithms we have nL.|J = L.334, and dividing by we obtain n= Now 

L.334 = 2*5237465 and L- U=0‘02n893, wherefore ra= If, lastly, the two terms 

of this firaction be multiplied by 10000000, we shall have n = " 2 JI 893 ’ lo one hun- 

dred and nineteen years one month and seven days, which is the time wherein the prin- 
cipal of 1000/, will be increased to 1,000,000/. In the case of an annual decrease in- 
stead of increase of the capital by a certan sum, we shall have the following gradations as 
the values of a, year after year, the interest being at 5 per cent, and, representing by 6 the 
sum annually abstracted from the principal. 

After 1 year it would be — 6 
After 2 years — 

After 3 years — (§J) — § 0 ^“^ 

After n years — . • • • 

This principal evidently consists of two parts, one whereof is (U)”a, and the other to be sub- 
tracted therefrom, taking the terms inversely, forms a geometrical progression, as follows : 

b+my'+cufb+iufi>+ .... 


The sum of this progression has already been found = 20 (|^)”6— -206; if, therefore, this 
be subtracted from we have the principal required after n years = (| 4 )”(a — 206) + 206. 

8 C«. For a less period than a year, the exponent n becomes a fraction ; for example, 1 day 
= 5 j 5 , 2 days = 3 | 3 , and so on. It often happens that we wish to know the present value of 
a sum of money payable at the end of a number of years. Thus, as 20 pounds in ready 
money amount in a twelvemonth to 21 pounds, so, reciprocally, 21 pounds payable at the 
end of a year can be worth only 20 pounds. Therefore, if a be a sum payable at the end 
of a year, the present value of it is IJa. Hence, to find the present value of a principal a 
at the end of a year, we must multiply by ; to find its present value at the end of two 
years, it must be multiplied by (|?)^ ; and, in general, its value n years before the time of 
payment will be expressed by (!?)”«• 

809. Thus, suppose a rent of 100/, receivable for 5 years, reckoning interest at 5 per 
cent., if we would know its value in present money, we have 


For ^100 due after 1 year, the present value is ^95-239 
after 2 years — 90*704 

after 3 years — 86*385 

after 4 years — 82*272 

after 5 years — 78*355 


Sura of the five terms j^432*955 
So that in present money, the value is 432/. 19s. Id, 

810. But for a great number of years such a calculation would become laborious. It 
maybe facilitated as follows; — Let the annual rent =a, commencing directly and con- 
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tinuing n years, it will be worth a + (^)a + (|y)®a + + (|^)^a .... +(|®)”a, which 

is a geometrical progression whose sum is to be found. We have therefore only to multiply 
the last term by the exponent, the product whereof is then subtract the first term, 

and the remainder is a — a. Lastly, dividing by the exponent minus 1, that is, — 2 t> 

or, which is the same, multiplying by — 21, we have the sum required, = — 21d^)”'*’^cH- 21a, 
or 21a — 21{20)**'^^a, the value of which second term is easily calculated by logarithms. 

SOLUTION OF PROBLEMS. 

811. The object of algebra, as well as of mathematics generally, being the determination 
of quantities which were before unknown, this is obtained by an attentive consideration of 
the conditions given, which are always expressed in known numbers. 

812. When a question is to be resolved, the numbers sought are usually represented by 
the last letters of the alphabet, and the object is then to find, under the conditions, an 
equality between two quantities. This equality, represented by a formula, is called an 
equation, and enables us to determine the value of the number sought, and thence to resolve 
the equation. More than one number is often sought, but they are found by equations in 
the same manner. 

813. To illustrate this, let us take the following example : — Twenty persons, men and 
women, go to a tavern. The men spend 24 shillings, and the women as much ; but each 
man, it appears, has spent 1 shilling more than each woman. What was the number of 
men and the number of the women ? 

Let the number of the men ; 

That of the women then will be s=:20 — x. 

Now, these x men having spent 24 shillings, each man’s share must be — shillings. 

Again, the 20 — x women having also spent 24 shillings, the share of each woman is 
shUlings. 

But we know that each woman’s share is 1 shilling less than that of each man ; if, 
therefore, we subtract 1 from each man’s share, we must obtain that of each of the 
women; consequently ^ — 

From this last equation we ha\e to find the value of x. We shall hereafter see that 
x^Sf which value will correspond to the equation, for includes the 

equality 2=^2. 

814. It is thus seen that an equation consists of two parts separated by the sign of 

equality =, showing that the two quantities are equal to one another. It is often neces- 
sary to submit them to a great number of transformations, in order to deduce the value of 
the unknown quantity, and these are founded on the following principles : 

That two quantities remain equal, whether we add to them or subtract from them 
equal quantities. 

That the same obtains whether we multiply or divide them by the same number, or 
extract their roots of the same degree. 

And lastly, if we take the logarithms of the quantities, as in the preceding section. 

815. The equations most easily resolved are those in which the unknown quantity does 
not exceed the first power after the terms of the equation have been properly arranged. 
These are called simple equations, or of the first degree. If after the reduction and ordering 
of an equation, the second power of an unknown quantity is still found, it is called an 
equation of the second degree, and is more diflficult to resolve. When the cube of the un- 
known quantity appears in an equation, it is called one of the third degree, and so on. 

RESOLUTION OF SIMPLE EQUATIONS, OR OF THE FIRST DEGREE. 

816. When the number sought, or unknown quantity represented by x, is such that one 
side only contams that letter, and the other a known number, as x~\2, the value of x is 
already found. The object is therefore to arrive at that form, however complicated the 
equation may be when first formed. 

817. To begin with the simplest cases: suppose we have brought an equation to the 
form x + 9 = 16; inspection alone here shows us that x = 7 ; and, in general, if we find 
X + a = b, where a and b express known numbers, we have only to subtract a from both sides 
to obtain the equation a=:b — a, which indicates the value of x. 

818. If the equation found be x.-a — h, by adding a to both sides we obtain the value of 
x=h + a. 

819. So, if the equation has the form x — a=aa + 1, by adding we have .T = aa +a + 1. 

820. In the equation a — 8a = 20 — 6a, we find X = 20 — 6a + 8a, or x = 20 + 2a. And in 
X 4- 6a = 20 + 3a, we have x = 20 + 3a — 6a, or x = 20 — 3a. 
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821. If the original equation has the form ar— u + 6—C, we may begin by adding a to 
both sides, which gives x + bs=c + a i and then subtracting b from both sides, we have 
x=sc + a—h. Or we might add +a—b to both sides, by which we immediately obtain 
x—c-^a—b. So in the following examples : — ^ 

If a: — 2a + 36=0, we have T = 2a— 36. 

If x—3a + 26 = 25 + a+ 26, we have x~25 + 4a. 

If ar — 9 + 6a = 25 + 2a, we have x=:34 — 4a. 

When the equation found has the form ax=bt it is only necessary to divide the two sides 
by a, and we have ‘"P ^ • But when the equation has the form aa: + 6 — c = (/, the terms 

that accompany ax must be made to vanish by adding to both sides — 6 + c, and then, 
dividing the new equation ax=d— 6 + c by a, we have x = The same value would 

have been found by subtracting + 6— e from the given equation, for we should have had in 
the same form axs=d—b + c and Hence, 

If 2x + 5 = 17, we have 2x = 12 and x=6. 

If 3x — 8 = 7, we have 3x = 1 5 and x = 5. 

If 4x— 5 — 3a = 15 + 9a, we have 4x=20+ i2a, consequently x=5 + 3a. 

When the equation has the form ^ — 6, multiply both sides by a, and we have x=a6. But 
if^+6 — c=d, we first make -=d— 6 + c, and then x=(d— 6 + c)a=sad— a6 + ac. 

Let Jx — 3 = 4 ; then 5 X = (4 + 3)7 and x = 14. 

Let gX — 1 + 2a = 3 + a, we have ^x = 4 — a, and x = 1 2 — 3a. 

Let — 1 =a, we have^^f^ =a+ 1. and x=aa-~l. 

When we have such an equation as ^ = c, multiply first by 6, which gives ax=sbc, and then 
dividing by a, we have x = ^. If ^“C=rf, the equation must first be made to take the 

form “=d + c; after which, multiplying by 6, we have ax=6d + 6c, and then 
Let ^x— 4 = 1, we have Jx=5 and 2x = 15 ; whence or 7^. 

If Jx + ^=5, we hare fx=5— whence Sx=18, and x=6. 

In the case of two or more terms containing the letter x either on one or both sides of the 
equation, the process is as follows : — 

822. JFirst. If they are on the same side, as in the equation x+^x + 5 = ll, we have 
x + §x=6, or 3x = I2; and, lastly, x=4. 

Let x + jx + Jx=s44, to find the value of x. Multiplying by 3 we have 4x + Jx 
= 132. Multiply both sides by 2, and we have Ilx = 264; whence xa=s24. This 
might have been effected more shortly by beginning with the reduction of the three 
terms which contain x to the single term ^g'x, and then dividing the equation yx= 
44 by 11, we should have had |x=4, whence x = 24. 

Generally, let ax— 6x + cx=d. It is the same as (a— 6 + c^x^d, whence x= — . 

, ^ a-~o+c 

823. Second. If there be terms containing x on both sides of the equation, they must be 
made to vanish from that side in which it can most easily be done, that is to say, in which 
there are fewest of them; thus, in the equation 3x+2 = x + 10, x must be first subtracted 
from both sides, which gives 2x + 2 = 10 ; whence 2x = 8, and x = 4. 

Let x + 4 = 20— X, it is evident that 2x + 4 = ^, and thence 2x = lfi, and x = 8. 

Let x + 8 = 32— 3x, we have 4x + 8 = 32, then 4x = 24, and x=6. 
liCt 15— x = 20 — 2x, we have then 15 + x = 20, and x=5. 

Let 1 +x=5 — we have 1 +|x=5, and |x = 4; 3x = 8 ; and, lastly, x=;| = 2|. 

If we must add Jx, which gives | = J + subtracting there will 

remain g^x^l, and multiplying by 12, we have x = 2. 

If an equation occurs wherein the unknown number x is a denominator, we must make the 
fraction vanish by multiplying the whole equation by that denominator. Thus in the 
100 100 
equation --8 = 12, we must first add 8, and we have -^ = 20; then, multiplying by x, we 

have 100 = 20x, and dividing by 20, x~5, 

= jVIultiplying by x— 1, we have 5x + 3 = 7x— 7. 

Subtracting 5x, there remains 3 = 2x— 7. Adding 7, we have 2x=10; whence x=5. 

Radical signs are not unfrequently found in equations of the first degree. For example, a 
number x below 1 00 is required such that the square root of 1 00 — x = 8, or a/( 1 00 — x) = 8 • 
the square of both sides is 100— x = 64; adding x we have 100 = 64 + x, whence we have 
x = IOO-64 = 36. 

824. The unknown number x is sometimes found in the exponents ; in this case, recourse 
must be had to logarithms. Thus 2^=512 ; taking the logarithms on both sides we have 
xL. 2 = L.512, and dividing by L.2, we find x=^^. We shall here subjoin a few ex- 
amples of the resolutiofl*? of simple equations. 
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(1.) Divide 7 into two such parts that the greater may exceed the less by 3. 

Let the greater part =x. 

The less will be =7—x. 

So that .r = 7 — ar + 3, or ar = 10 — ar. 

Adding Xt we have 2ar = 10, and dividing by x=sS. 

The greater part is 5, and the less is 2. 

(2.) Divide the number 1600 into three such parts that the greatest shall be 200 more than 
the second, and the second 100 more than the third. 

Let the third part then the second will be =ar + 100, and the greatest —a: + 300. 

These parts, then, make up the number 1 600 ; we have therefore — 

3x + 400 = 1600 ; 3x = 1200; anda: = 400. 

The third part, therefore, is 400, the second 500, and the greatest 700. 

(3. ) Divide 32 into two such parts that if the less be divided by 6, and the greater by 5, 
the two quotients taken together may make 6. 

Let the less of the two parts sought =x. 'The greater will be 32 — ar. 

The first, divided by 6, gives the second, divided by 5, gives 

Now, I + — 6 ; multiplying them by 5, we have + 32 — ar = 30, or — ^a: + 32 = 30. 

Adding Jar, we have 32 = 30 + Ja-. 

Subtracting 30, there remains 2 = Jar. 

Multiplying by 6, we have a- = 1 2. Wherefore the lesser part =12, the greater = 20. 
(4. ) Divide 25 into two such parts that the greater may contain the less 49 times. 

Let the less part =a:, then the greater will be 25 — ar. 

The latter, divided by the former, ought to give the quotient 49 ; therefore 
?^ = 49. 

Multiplying by x we have 25 — x = 49x. Adding a*, 25 = 50ar. 

Dividing by 50, ar=J. Hence the less of the two numbers sought is and the 
greater 24J. 

(5. ) To find such a number that if 1 be subtracted from its double, and the remainder be 
doubled, 2 subtracted, and the remainder divided by 4, the number resulting from 
these operations shall be 1 less than the number sought. 

Suppose the number to be =x; the double =2x. 

Subtracting 1, the remainder is 2x— 1 ; doubUng this, we have 4x— 2. 

Subtracting 2, the remainder is 4x— 4 ; dividing by 4 we have x — 1, and this must 
be 1 less than x, so that x— l=x — 1. But this is what is called an identical 
equation, showing that x is indeterminate, or that any number whatever may be 
substituted for it. 

(6.) What sum is that, into how many equal parts is it divided, and what is the amount of 

each part, wherein 

The first part = 100, and one tenth of the remainder ; 

The second part = 200, and one tenth of the then remainder ; 

The third part =300, and one tenth of the then remainder ; , 

The fourth part =400, and one tenth of the then remainder; and so on? 

Suppose the total sum =z. 'Lhen, since all the parts are equal, let each =x, by which 
means the number of parts will be expressed by J. This being established, the solution is 
as follows : — 


Total sum. 

z 

Order of the parts. 
First 

Amount of each part. 

2— ®0O 

2— X 

Second 

x = 200 + ^ - 

2 — 2x 

Third 

a=300 + 5=~=^ 

2 — 3x 

Fourth 


z — 4x 

Fifth 

x_500 + ^+V® 

z~-5x 

Sixth 

x-600 + ^+=^^ 


Differences. 


100 —: 

100 -: 

100 —- 


—100 

io 

10 

—100 

10 


=0 
= 0 
=0 


10 

and so on. 

The differences in the last column are obtained by subtracting each part from that which 
follows, and all the portions being equal, the di^rences should be =0; and as they are 
expressed exactly alike, it will be sufiicient to make one of them equal to nothing, and we 
have the equation 100— Multiplying by 10, we have 1000 — x — 100 = 0, or 
900— x=0 ; consequently x = 900. From this, therefore, we know that each part is 900 ; 
and taking any one of the equations in the third column, the first for example, it becomes, 
by substituting the value of x, 900 = 100 +5:^*, whence the value of z is obtained ; for we 
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have 9000=1000 + 2 - 100 , or 9000 = 900 + 2 ; whence 2=8100, and consequently | =9 . 
Hence the number 8100, and each part =900 and the number of the parts =9. 


RESOLUTION OF TWO OR MORE EQUATIONS OF THE FIRST DEGREE. 


825. It often occurs that we are obliged to introduce two or more unknown quantities 
into algebraic calculations, and these are represented by the letters x, y, z. If the question 
is determinate, we arrive at the same number of equations from whence to deduce the un- 
known quantities. Considering only those equations which contain no powers of an un- 
known quantity higher than the first, and no products of two or more unknown quantities, 
it is evident that these equations will have the form az + by + cx=d. 

826. Beginning with two equations, we will endeavour to find from them the values of 
X and y ; and that the case may be considered in a general manner, let the two equations be 
— I. ax •¥by = c \ and, II. fx + gy = h, in which a, 6 , c, and^ p, A, are known numbers ; it is 
required from these two equations to obtain the two unknown quantities x and y. ITie 
most obvious way of proceeding is to determine from both equations the value of one of the 
unknown quantities, x for example, and to consider the equality of the two values ; for 
then we obtain an equation in which the unknown quantity y appears by itself, and may be 
determined by the rules we have already given. Knowing y, we have only to substitute 
its value in one of the quantities that express x. 

827. According to this rule we obtain from the first equation = from the second 

Stating these two values equal to one another, a new equation appears, — 


c—by _ h—gy 
a f 

Multiplying by a, the product is c — hy = ^~^ ; multiplying by /, the product is fc—fhy 
ssah — agy. Adding agy^ we have fc—fby-^agy = ah'y subtracting /c, there remains 
-fby + agy-ah-fc-, or (ag-bf)y=ah-fc ; lastly, dividing by -5/, we have 3 ^ = 5 ^^ 

828. In order to substitute this value of y in one of those we have found of ar, as in the 

first, when a: we shall first have — whence c — 6 y=c. — or 

a ^ og-’b/ * ^ og—bf ’ 

; and dividing by u, ar=^-=^=^i* . 

829. To illustrate this method, let it be proposed to find two numbers whose sum may 
be =15, and difference =7. 

Let the greater number and the less y ; we shall then have, 


I, a'+y = 15, and II. ar — y = 7. 

The first equation gives ar = 15 — y, and the second x=7 + y ; whence there results the new 
equation 15— y = 7 +y. So that 15=7 + 2y, 2y=8, and y = 4 j by which means we find 
a: = ll. The less number, therefore, is 4, and the greater is II. 

830. AVhen there are three unknown numbers, and as many equations, as, for example, 
I. T + y— 'Z = 8 ; II. x + z—y~9; III. y + z — ^= 10 ; a value of x is to be deduced 
from each : and from I. we have ar= 8 + z— y ; from II., a: = 9 + y — z ; and from III. a:=y 
+ z — 10. Comparing them together, we have the following equations : 

I. 8 + z — y = 9 + y — z. II. 8 + z — y=y + z — 10 . 

The first gives 2z — 2 y = l ; the second, 2 y = 18, or y = 9. Substitute this value of y in 
2 z — 2 y=, and we have 2 z — 18 = 1, and 2z = 19, so that z = 9^. We have, therefore, only 
to determine x, which is found = 8 ^. The letter z thus vanishes in the last equation, and 
the value of y is immediately found ; otherwise we must have had two equations between 
z and y to have been resolved by the preceding rule. 

831. Suppose we had found the three following equations — 

I. 3x-f 5y — 4z = 25. II. 5x — 2y+3z = 46. III. 3y + 5z — x = 62. 


Deducing from each the value of x, we have 

I. ^ = II. 2 = III. 2 = .3y + 52-62. 

And comparing these three values together, and the third with the first, we have 3y -h 5z 
— Multiplying by 3, 9y+ 15z — 186 = 25 — 5y + 4z; so that 9y+ 15z = 211 

— 5 y + 4z, and 14y+llz = 211. Comparing the third with the second, we have 3y + 5z 

— 62 — — or 46 + 2y — 3z = 15y + 25z — 310, which, reduced, is 356 = 13y + 28z. 

From these two new equations the value ofy may be deduced. 

I. 211 =14y + llz ; whence 14y = 211 — Hz, and 


IT. 356 = 1 3y + 28z ; whence 1 3y = 356 — 28z, and y = ^ 
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These two values form the new equation which becomes 2743—1432 

= 4984— 392z, or 2492 = 2241 ; whence z = 9. This value being substituted in one of the 
two equations of y and 2 , we find y = 8, and by a similar substitution in one of the three 
values of z, x — l. 

832. If more than three unknown quantities are to be determined, and as many equa^ 
tions to be resolved, the same manner must be pursued ; but the calculations are often 
tedious ; and it is to be observed that in each particular case means may be resorted to for 
fecilitating the resolution. These consist in introducing, besides the principal unknown 
quantities, some new one, arbitrarily assumed ; such, for instance, as the sum of all the rest. 
But practice only can teach this ; and the architect is in this, and remaining pages of this 
chapter, as much informed on the subject as his practice is likely ever to require. 

* BESOLtJTIOX OF PURE QUADRATIC EQUATIONS. 

833. If an equation contains the square or second power of the unknown quantity with- 
out any of the higher powers, it is said to be of the second degree. An equation contain- 
ing the third power of the unknown quantity belongs to cubic equations, and its resolu- 
tion requires particular rules. There are, therefore, only three kinds of terms in an equa- 
tion of the second degree. 

I. The terms which do not contain the unknown quantity at all, or which contain 
only known numbers. 

II. The terms wherein only the first power of the unknown quantity is found. 

III. The terms which contain the square, or second power of the unknown quantity. 
Thus, X signifying an unknown quantity, and the letters a, 6, e, r/, &c. being known num- 
bers, the terras of the first kind will have the form a, those of the second kind will have 
the form hx^ and those of the third kind will have the form cxx. 

834. It has been already seen that two or more terms of the same kind may be united 
together and considered as a single term; thus the formula axr—d.r.r-f cxr may be con- 
sidered as a single term if thus represented (a— since, in fact, (a — 6 + c) is a 
known quantity. When such terms are found on both sides the sign =, we have seen 
they may be brought to one side, and then reduced to a single term. For example, in the 
equation 

2xx — 3x + 4=5xx—8x+ 11 ; 

We first subtract 2xXf and the remainder is 

—■3x-i-4s=5xx—‘Sx+ 11. 

Then adding 8x, we have 

5x -p 4 = 3xx -j- 11. 

Lastly, subtracting 11, the remainder is 3 xx = 5.t— 7. 

8.35. All the terms may also be brought to one side of the sign =, leaving only 0 on the 
other. Thus, the above equation, remembering to change the signs, will assume this form, 
3xx—5x-h 7 = 0. Hence, the following general formula represents all equations of the 
second degree — 

a.rx ± 6x ± c = O, 

V, -herein the sign ± is read plus or minus, and shows that the terms to which it is prefixed 
may be positive or negative. To this formula all quadratic equations may be reduced. 
Suppose, for instance, the equation 

ax+ b _ 
cx+d~ gx+h' 

The fractions must be first destroyed. Multiplying for this purpose by cx + d, we have 
flx -t- & = . then,by^x + A,wehaveo^xx + ft^x + aAx + 6A = cexx + c/x f edx + fd, 

an equation of the second degree, and one which may be reduced to the three following 
terms, which are transposed by arrangement in the usual manner ; — 

0 = ay XX -r hyx -r bk 
~~ CtXX -r ahx — fd 

— cfx 

— edx. 

This equation is, perhaps, more clearly exhibited in the following form : — 

0 = {ag~ ce')xx t {by 4-ah — cf— ed')x + bft —fd. 

836. Equations of the second degree are called complete when the three kinds of terms are 
found in them, and their resolution is more difficult; on which account we shall first con- 
sider those in which one of the terms is wanting. If the term xx be not found in the 
equation, it is not a quadratic, but belongs to those whereof we have already treated. If 
the term containing known numbers only were wanting, the equation would have the form 
axx ±bx = 0, which, being divisible by x, may be reduced to ax ±6 = 0, which, also, is a 
simple equation, not belonging to the present class 
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837. When the middle term which contains the first power of x is wanting, the equa- 

tion assumes the form c=0, or axx=^ as the sign of c is positive or negative. 
Such an equation is called a pure equation of the second degree, since its resolution is with- 
out difficulty, for we have only to divide by a, which gives xx=^ i and, taking the square 
root of both sides, we have which resolves the equation. 

838. Three cases are however to be considered ; I, when ~ is a square number (whereof, 

therefore, the root can be assigned) we obtain for the value of x a. rational number, either 
integer or fractional. Thus, a:jr = 144 gives x — 12; and gives x^. II. When 

^ is not a square, in which case the sign a/ must be used. If, for example, xx = 12x— v'lS, 
the value whereof may be determined by approximation, as heretofore shown. III. When 
~ becomes a negative number, then the value of x is altogether impossible and imaginary ; 
this result, indeed, proves the question, that such an equation is in itself impossible. 

839. It must be here observed, that whenever the extraction of the square root is re- 
quired the root has two values, the one negative, the other positive. Take the equation 
xx = 49f the value of :r is as well —7 as +7, which is expressed by ± 7. Hence all these 
questions admit of a double answer ; but it will easily be perceived that there are many 
cases in which a negative value cannot exist. 

840. In such equations as axx = bxy where the known quantity c is wanting, two values 
of X may exist, though dividing by x we only find one. ITius, in the equation xx=3j: 
wherein a value of x is required, such that xx may become = Sx. This is done by suppos^ 
ing x = 3, a value found by dividing the equation by x. Besides this value, however, there 
is another equally satisfactory, namely, a::=0, for then xa::s=0, and 3x=0. Thus equations 
of the second degree admit of two solutions, whilst simple equations admit only of one. 

841. We here submit three examples for the illustration of pure equations of the second 
degree. 

I. Find a number the half whereof multiplied by the third produces 24. 

^i(^‘-the number =x. multiplied by must produce 24. Therefore Jxx = 24, 

by 6 we have xx=144, and the root extracted gives x = ± 12. We put 

±12; for if x= +12, we have and Jx=4, and the product of these quantities is 
24. If X = - 1 2, we have «x = — 6, and Jx = — 4 ; the product of which is likewise 24. 

II. Find a number such that by adding 5 to it and subtracting 5 from it the product 
of the sum by the difference would be 96. 

Let the number be x. Then x + 5 multiplied by x — 5 must give 96. Therefore 

XX— 25 =*96. 

Adding 25 we have ri sssl21, and extracting the root we have X:=ll. 

Thus x + 5 = 16, and x — 5 — 6, and lastly. 6 x 16 = 96. 

III. Find a number such that by adding it to 10 and subtracting it from 10 the sum 
multiplied by the remainder or difference will give 51. 

Let the number =x. Then 10 + x multiplied by 10— x must make 51. So that 
100— xx=51. 

Adding xx, and subtracting 51, we have xx=49 ; the square whereof gives x=7, 

RESOLUTION OF MIXED EQUATIONS OF THE SECOND DEGREE. 

842. If three kinds of terms are found in an equation of the second degree, namely, 

I. That which contains the square of the unknown quantity, as axx ; II. That in which 
the unknown quantity is only known in the first power, as 6x; HI. The kind of tenns 
composed of known quantities only, — such an equation is said to be mixed or complete • 
since two or more terms of the same kind may be brought into one, and all the terms mav 
be brought to one side of the sign =. The general form of a mixed equation of the second 
degree will be 

axx T 6x T c =0. 

And we now propose to show how the value of x may be derived from such an equation • 
which may be done in two ways. ^ * 

843. Such an equation may be by division reduced to such a form that the first term 
may contain only the square xx of the unknown quantity x. Leaving the second term on 
the same side with x, we will transpose the known term to the other side of the sien — 
Thus the equation assumes the form xx±px= ± j, in which p and q represent any known 
numbers, positive or negative ; and all we have to do is to find the true value of x Now 
if xi + px were a real square, no difllculty would attend the solution; because it would 
only be required to take the square root on both sides. It is, however, evident that xx + 
cannot be a square ; for we have already seen that if a root consists of two temS 
example x + «, its square must contain three terms, namely, twice the product of the' t 
parts, besides the square of each part ; that is, the square of x + w is xx + 2ax + nn H ^ 
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then, already on one side xx + px, we may consider xx as the square of the first part of the 
root, and in this case px must represent twice the product of the first part of the root by the 
second part, whence the second part must be ^ ; and indeed the square of x+ is found 
to be xx + px + \pp. Now this last being a real square, which has for its root x -r ip, if we 
resume the equation xx+px^^g, we have only to add \pp to both sides, and we obtain 
XX -b px -i \pp = q + \pp, the first side being a square and the other containing only known 
quantities. Taking, therefore, the square root of both sides, we find x-\-\p= '^QiPP + g) \ 
and subtracting we obtain x= — 5 p+ '^\pp + 9 » 35 every square root is positive or 

negative, we shall have for x two values, thus expressed — 

x=~\p± V\pp-bq. 

This formula contains the rule whereby ail quadratic equations may be resolved, and 
it should be well remembered, so that it may not be necessary to repeat it. The equation 
may be always arranged in such a manner that the pure square xx may be found on one 
side, and the above equation have the form xx ~ —px + 9 , where it is evident that x = —^± 
V\pp + g. 

844. 'Die general rule deduced, therefore, to resolve the equation xx~ — px + g^ depends 
upon the consideration that the unknown quantity x is equal to half the coefficient or mul- 
tiplier of X on the other side of the equation, plus or minus the square root of the square 
of this number, and the known quantity which forms the third term of the equation. 

845. Thus, having the equation = + 7, we should immediately say that x = 3± 

V^9 + 7 = 3 ± 4, when we have for values of x, I. x = 7 ; II. x= — 1. So, also, the equa- 
tion xx=sl0x — 9 would give x=5± v'25 — 9s=5±4; that is, the two values of x are 9 
and 1. The rule will be better understood by the arrangement under the following cases : — 

I. Let p be an even number, and the equation such that xx = 2px + 9 , we shall, in that 
case, have x=sp± ^/pp -y g. 

II. Let p be an odd number, and the e<|uation xz=px ^ g we shall here have 

x=sp± v'^pp + 9 » and since ^pp + we may extract the square root of the 

denominator, and write x = .Jp 3 : v<PP^+ I g _ g ± ^ 

III. Lastly, if p be a fraction, the equation may be resolved in the following manner . 

Let it be axx= 6 x + c, or + and we shall have by the rule x = 

+ denominator of which is, a square, so 

that 

The other method of resolving mixed quadratic equations is to transform them into pure 
equations, which is effected by substitution; thus, in the equation jrx=pxT-g, we write 
another unknown quantity y, instead of the unknown quantity x, such that :rs»y + ^p, by 
which, when y is found, the value of x may be readily determined. 

846. Making this substitution of y + .>p instead of x, we have •r*^=yy +py -i- ^pp, and 

px=py + ^pp; hence our equation becomes yy + py + 5 /;p=py -r ^pp + g, which is first re- 
duced by subtracting py to yy + \pp — ^pp + 9 5 and then by subtracting ^pp to yy^jpp-bg. 
This is a pure quadratic equation, which directly gives y=ss± + And since 

x=y + ip, we have x = ^p ± pp + 9 as before. "We shall now illustrate the* rule by some 
examples. 

I. What are those two numbers, one whereof exceeds the other by 6 , and whose product 

is 91 ? 

If the less be =x, the other is Xt 6, and their product xx + 6 x = 9l. 

Subtracting 6 x, the remainder is xx = 91 — 6 x, and the rule gives 

x = — 3 ± V9 + 91 = — 3±10; so that x = 7, and r = — 13. 

The question admits of two solutions: by one, the less number xs= 7, and the greater 
X + 6 = 1 3 ; by the other, the less number x = — 1 3, and the greater x -r 6 = — 7. 

II. Find a number from whose square if 9 be taken, the remainder is a number as many 
units greater than 100 as the number sought is less than 23. 

Let the number sought = x. We know that xx — 9 exceeds 100 by xx — 109, and since 
X is less than 23 by 23 — x, we have the equation xx— 109 = 23 — x. 

Wherefore xx = — x + 132, and by the rule x = — r 132 — i ± ± -3. 

So that X = 1 1 , and x = — 1 2. 

If, then, a positive number be required, the number is 1 1 , the square of w’hich minus 9 is 
112 , and, consequently, greater than 100 by 12 , in the same manner as 1 1 is less than 
23 by 1 2. 

HI. To find two numbers in a double ratio to each other, such that if w’c add their sum 
to their product we may obtain 90. 

U 
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l^t one of the numbers =x. Then the other will be =2ar, their product also= 2xx. 

If we add to this Sx, or their sum, the new sum should make 90. 

So that 2xx + 3ar = 90, 2xx = 90 - 3a-, and jrx ^ ^ + 45 ; whence we obtam 

x=-^± + 

consequently a = 6, or —7^. 

IV. To find such a number that if its half be multiplied by its third, and to the product 
half the number required be added, the result will be 30. 

I.et the number =a. Its half multiplied by its third will make Jxx, so that + 

^x = 30. 

Multiply by 6, and we obtain xx + Sx = l 80, or arar = — Sx + 1 80, which gives 

a:= -i± ; 

consequently x is either =12, or — 1 5. 

PURE EQUATIONS OF THE THIRD DEGREE. 

847. An equation of the third degree is pure when the cube of the unknown quantity 
is equal to a known quantity, and neither the square of the unknown quantity nor the 
unknown quantity itself is found in the equation. 

x3 = 125; or, more generally, x^=«, = g are such equations. 

The method of deducing the value of x from such an equation is obvious, for we have 
only to extract the cube root on both sides. Thus the equation x3 = 125 gives x = 5 ; the 
equation gives x= and the equation gives x= or To re- 

solve such equations it is only necessary to know how to extract the cube root of a given 
number. In this way, however, we obtain only one value for x ; but as every equation of 
the second degree has two values, we have reason to suspect that an equation of the third 
degree has also more than one value. To investigate this is the object of what follows. 

848. Let us, then, take the example x‘^ = 8 to find from it the numbers whose cube =8. 
As X = 2 is such a number, — 8 =0, and must be divisible by x — 2. The division is as 
follows : — 

X — 2) x‘J — 8 (xx + 2x + 4 
x3 — 2xx 


2xx — 8 
2xx — 4x 

4x-8 

4x-8 


O 


Hence it follows that the equation x3 — 8 =0 may be represented by these factors, — 

(x — 2)+ (xx+ 2x4 4) = 0. 

The question then is, what number is to be substituted for x in order that x3^8, or 
that x3 — 8 = 0 ; and it is manifest that the condition is answered by supposing the product 
just found to be equal to 0. This, however, occurs not only when the first factor x — 2=0, 
whence we have x = 2 ; but also when the second factor xx + 2x + 4 = 0. We will there- 
fore make XX + 2x4- 4=0, and we shall have xx= — 2x — 4; and thence x=— liv' — S. 
From which we learn that besides the case in which x = 2, which corresponds to the 

^nation x3 = 8, there are also two other values of x whose cubes are also 8. These are 

I. x= —1 4 - y — 3; and, II. x= — l — v' — 3; which will be evident from cubing them 
Thus — 

-14-a/~3 

-14-y-S 


l-V-3 

-V-3-3 


— 2 — 2>/ — 3 square 
_1 + V-3 


1 + V'-S 
+ — 3-3 


-2+2V-3 

-1- ^^3 


2 + 2V-3 
-2a/-34-6 


2-2.v^-3 
+ 2^-3 + 6 


8 cube 8 cube 

These values, it is true, are imaginary or impossible, yet they must not be neglected ; and 
indeed, what has been said applies to every cubic equation, such as x‘^ = a; namely that 
besides the value x= we shall always find two other values. To abrid<»-e the calcu- 
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lation, let us suppose Va = c, so that a==c3; the equation will then assume this form, 
— c3=0. which will be divisible by ar — c, as under. 

x — c)x^— car + cc 
*3 — cxx 

CXX — c3 

cxx — ccx 


CCX — c3 
CCX — c3 


Consequently the equation in question may be represented by the product (x — c) x 
(a:x + ca: + cc)=0, which, in fact, ^ =0, not only when x — c = 0, or a: = c, but also when 
XX -r cx + cc = 0. This expression contains two values of x, inasmuch as it gives xx = 


j C / cc — C i ^/—oCC . • — “C ^ —1 ^ 

— cx — cc, and x^ ± V-^~cCf or x = , that is ^ = ^ — = g - — x c. 

Now, c having been substituted for we conclude that every equation of the third 
degree of the form x^ =a furnishes three values of a*, expressed thus : — 

--l+y=3^^a. III. ^ = 


I, x= ^a. II. x = ~ 


^ a. 


This shows that every cube root has three different values, but that one only is real, and 
the other two impossible: and this is the more remarkable, since every square root has two 
values ; and if we were to pursue the subject, (which is not our intention, since the sub- 
ject is unnecessary for the architect, but if he wishes he must refer to books on the subject,) 
we should find that every biquadratic root has four different values, and so on with fifth 
roots, &c. In ordinary calculations only the first of those values is employed, the other 
two being imaginary. We subjoin some examples : — 

I. To find a number whose square multiplied by its fourth part shall produce 432. 

Let the number =x ; then the product of xx multiplied by ^ a: must =5^ 432 : that is, 

^x3 = 432, and a:3 = 1728. 

By extracting the cube root we have x=l2. The number sought, then, is 12 for its 
square multiplied by its fourth part, or by 35»432. 

II. To find a number whose fourth power divided by its half, with 14J added to the pro- 
duct, is ICK). 

Let the number =x; its fourth power will be x^. 

Dividing by the half, or we have 2x ^ ; and adding to that 14^, the sum must be 100. 

V»'e have, therefore, 2ar3 + 14^ = 100; subtracting 14^ the remainder is 2x3— 

Dividing by 2 we have and extracting the cube root we find x = |. 


RESOLUTION or COMPLETE EQUATIONS OF THE THIRD DEGREE. 

H49. An equation of the third degree is said to be complete when besides the cube of the 
unknown quantity it contains the unknown quantity itself and its square ; so that the 
general formula for these equations, bringing all the terms to one side, is, 

0x3 ±hx' ± cx ± d=0. 

850. We here propose to show the method of deriving from such equations- the values of 
X, which are also called the roots of the equation. Tliere is no doubt, as we have seen in 
the last section, that such an equation has three roots, as in respect of pure equations of the 
same degree. 

851. First, then, considering the equation x3 — 6xx 4- 1 lx — 6 = 0 ; since an equation of 
the second degree may be considered as the product of two factors, an equation of the third 
degree may be represented by the product of three factors, which in the present instance 
are (x— 1 ) X (x— 2) X (x — 3) = 0 ; for by actually multiplying them we obtain the given 
equation, llius, (x — 1 ) x (x — 2) gives xx— 3x-r2, and this multiplied by(x — 3)gives 
x3 — 6xx+llx — 6, which are given quantities, and =0- Uliis happens when the product 
(x — 1 ) X (x — 2) X (x — 3) becomes nothing ; and as it is sufficient for this purpose that one 
of the factors =0, three different ca.ses may give this result; namely, when x— 1=0, or 
x = l ; secondly, when x — 2 = 0, or, x = 2; and lastly, when x— 3 =0, or, x = 3. If any 
number whatever besides one of the above three were substituted for x none of the factors 
would become = 0, and consequently the product would no longer = 0, which proves that 
the equation can have no other root than those three. If in every other case three factors 
of such an equation could be assigned in the same manner, we should immediately have 
three roots. Let us, then, consider more generally these three factors, x — py x — (jy r — r. 
Seeking their product, the first multiplied by the second gives xx — (p + q)x + pq, and this 

U 2 
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product multiplied by x — r makes x^^-ip + q + r) xx + {pg + pr + qr)x ~pqr. If this for- 
mula must become =0, it may happen in three cases: first, when x— /? = 0 orx=^; 
second, when x—q=^Oy or x = qi third, when x—r =0, or x=sr. Let us then represent 
the quantity found by the equation x'^ — axx + fcx— c ^ 0. That its three roots may be, 
j jj, x = 9 ; III. x = r, it is evident we must have, 1st. a=p + 9 + r ; 2di. b—pq^ 

pr + qr; and 3d. c^pqr; from which we find that the second term contains the sum of the 
three roots ; that the third term contains the sum of the products of the roots taken two by 
two ; and lastly, that the fourth term consists of the product of all the three roots multiplied 
together. From this last property is deduced the truth, that an equation of the third 
degree can have no other rational roots than the divisors of the last term, for that term 
being the product of the three roots must be divisible by each of them. Hence, to find a 
root by trial, we immediately see what numbers we are to choose. 

852. Let us, for instance, consider the equation x3 = x+ 6, or x^ — i*— 6 = 0. As this 
equation can have no other rational roots but numbers tfhich are factors of the last term 6, 
we have only the numbers 1 , 2, 3, 6 to try with, the result whereof will be as follows : — 

I. If X = 1 , we have 1 — 1 — 6 = — 6. 

II. Ifx=2, wehave 8 — 2— 6=0. 

III. If x = 3, we have 27 — 3 — 6 = 18. 

IV. If x = 6, we have 216 — 6— 6 = 204. 

From which we see that x = 2 is one of the roots of the given equation ; and it will now be 
easy to find the other two ; for x = 2 being one of the roots, x — 2 is a factor of the equation, 
and the other factor is to be sought by means of division, as follows : — 

X — 2)x3 — X— 6(xx+ 2x+ 3 
x”^ — 2xx 


2xx — X— 6 
2xx — 4x 

,3x — 6 

3x — 6 


0 

853. Since, then, the formula represented by the product (x — 2) x (xx + 2x + 3), it will 
become =0 as well when x — 2 = 0 as when xx -r 2x + 3 = 0. I'his last factor gives xx= — 2x 
— 3 ; and consequently x= — 1 i -v/— 2. These are the other two roots of the equation, 
and they are evidently impossible or imaginary. 

854. The operation explained is, however, only applicable when the first term x^ is mul- 
tiplied by 1, the other terms of the equation having integer coefficients. When this is not 
the case, a mode must be adopted by which the equation is transformed into another having 
the condition required, after which the trial mentioned may be made. 

855. Let us, for instance, take the equation x-^ — 3xx+ ’^‘x — 1 = 0. As there are four 

parts in it, let us make x=^ ; we shall then have ^ + 0, and multiplying by 

8 we obtain the equation y^ — 6i/y + 1 ly — 6=0 ; the roots of which are, as we have already 
seen, y = l, y = 2, y = 3; whence in the given equation we have, 1. x = ^; II. x = l; 
III. x=?. 

Let us take an equation in which the coefficient of the first term is a whole number, 
different from 1 , and whose last term is 1 : for instance, 6x‘* — 1 1 xx -r 6x — 1 = O. Di- 
viding by 6 we have x3 — Uxx + x — g=0. The equation may be cleared of fractions by 
the method just shown. First, supposing x=^, we shall have ^ = 0 ; and 

multiplying by 216 the equation becomes i lyy + 3gy_365=o. It would be tedious 
to try ail the divisors of the number 36, and as the last term of the original equation is 1 , 
it is better, in this equation, to suppose x = *, for we shall then have 1 =s0. 

Transposing the terms — Hz— 6=0, the roots are here z = l,z = 2, z = 3, whence 

in our equation x=l, x = ^, x = ^. 

856. It has been heretofore shown that to have all the roots in positive numbers the 
signs plus and minus must succeed each other alternately ; by this means, the equation takes 
the form a^ — axx + bx — c=0 ; the signs changing as many times as there are positive roots. 
Had the three roots been negative, and the three factors xi-p, x-q, x + r had been multi- 
plied together, all the terms would have had the sign plus, and the form of the equation 
would have been x3 + axx + 6x + c = 0, wherein the same signs follow each other three times, 
that is, the number of the negative roots. 

857. From this we may l^arn that as often as the signs change the equation has positive 
roots, and when the same signs follow each other the equation has negative roots ; and this 
teaches us whether the divisors of the last term are to be taken affirmatively or negatively, 
when we wish to make the trial that has been mentioned. 
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In order to illustrate this, take the equation acS + a’T--34x + 56 = 0, wherein the signs 
change twice and the same sign occurs only once. We see thus that the equation has 
two positive roots and one negative root ; and as the roots must be divisors of the last 
term 56, they must be included in the numbers ± 1, 2, 4, 7, 8, 14, 28, 56. 

858. Let us, then, make a: = 2, and then 8 + 4 — 68 + 56 =0; whence it would appear 
that r = 2 is a positive root, and therefore that ar — 2 is a divisor of the equation whereby the 
(fther two roots may easily be found ; for, dividing by x — 2, we have 
ar— 2) ar^ + xjr— 34a: + 56 (a'x+ 3 j: — 28 
— 2xx 

3a:.T— 34a: + 56 
Sxx — 6a: 


— 28a: +56 

— 28a: + 56 


O 

Making this quotient a-a: + 3a: — 28 = O, we find the other two roots, which will be 
a: = — I ± + 28 = — ^ ± * 5 *, that is, a* = 4 or a: = — 7 ; and considering the root beforehand, 

a: = 2, we perceive that the equation has two positive roots and one negative. We subjoin 
some examples. 

(I.) What numbers are those whose difference is 12, and whose product multiplied by 
their sum makes 14560 ? 

Let the less of the two numbers =a:. The greater will be a: + 12. 

Their product =a:a: + 2a:, multiplied by the sum 2a: + 12, gives 2x^ 36xx + I44x 
« 14560. 

Divide by 2, and we havex3+ 18a*a: + 72a‘ = 7280. 

The last term 7280 is too great to make trial of all the divisors, and it is divisible by 8, 
wherefore we shall make x=2y ; because the new equation + 72yy + 144y = 7280, 
after the substitution, being divided by 8, becomes + 9yy + 1 8y = 910. 

To solve this, we only need try the divisors 1, 2. 5, 7. 10, 13, &c. of the number 910. 
Now it is evident that the first three are too small. Begin, therefore, by supposing 
y = 7, and we find it is one of the roots, for the substitution gives 343 + 441 
+ 126 =*910. It follows, then, that x= 14, and the other roots are found by dividing 
+ 18y — 910 by y — 7, as follows : — 

y“7)y3 + 9yy + 18y — 910(yy + 16y + 130 
y^-7yy 

l%y + I8y— 910 
I6yy— 112y 

I30y— 910 
130y— 910 

O 

Supposing this quotient yy + 1 6y + 1 30 = 0, we have yy = — 1 6y — 1 30, and thence y = — 8 ± 
^—66, which proves that the other two roots are impossible. The numbers sought, 
therefore, are 14 and 26, the product of which, 364, multiplied by their sum, 40, gives 
1456. 

(II.) What numbers are those whose difference may be 18, and their sum multiplied by 
the difference of their cubes may produce the number 275184 ? 

Let the lesser number =x. Then the greater will be x+ 18. 

The cube of the first will be =x3, and the cube of the second =x3 + 54xx + 972x + 

5832. 

The difference of the cubes =54xx + 972x + 5832 = 54(xx+ 18x+ 108) multiplied by 
the sum 2x+ 18, or 2(j: + 9), gives the product 108 (x3 + 27xx+ 270x + 972) = 275184. 
Dividing by lOS, we have x3 + 27xx+ 270 + 972 = 2548, or x3 + 27xx+ 27 Ox = 1576. 
The divisors of 1576 are 1, 2, 4, 8, &c. Let us try x = 4, and we shall find it will 
satisfy the terms of the equation. 

It remains then to divide by x— 4 to find the other two roots. The quotient will be 
found to be XX + Six + 394 ; making, therefore, xx= — Six— 394, we find x= + 

that is, two imaginary roots. 

The numbers sought, therefore, are 4 and 22. 

(III.) What numbers are those whose difference is 12, aild the product of this difference 
by the sum of their cubes is 102144 ? 

Let the lesser number = x ; the greater will be x + 1 2. 

The cube of the first is = x3 ; the cube of the second is x3 + 36xx + 432x +17 28. 

U 3 
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The product of the sum of these cubes by the difference 1 2, is 1 2(2x3 4. sqxx + 432x + 
1728) = 102144. 

Dividing by 1 2 and 2, we have x3 + 18xx+ 21 6x+ 864 = 4256, or arS 4- 18xx4* 216x= 
3392 = 8x8x53. 

Suppose ar = 2y, and substituting and dividing by 8, we have y3 + 9yy + 54^ = 8 x 53 = 
424. 

The divisors of 424 are 1, 2, 4, 8, 53, &c. 1 and 2 are too small ; but making y=^ 

we find 64+ 144+ 216=424 ; so that y = 4 and x = 8, whence we conclude that the 
two numbers sought are 8 and 20. 

859. We shall here close our brief explanation of the principal rules of algebra : they 
are to be considered more in the light of a preparation for reading and understanding the 
analytical reasoning and formulae that we shall hereafter have to use, than as intended to per- 
fect the architectural student in that whereof they treat. He that desires a more intimate 
acquaintance with the analytical process will of course apply himself to works expressly on 
the subject. Nevertheless our work could not have been considered complete without that 
which vre have supplied. 

860. It remains for us to give, under this chapter, a few applications of the use of 
decimals, whose nature has already been explained, and to close it with an explanation of 
duodecimals and the mode of working ; to which we now proceed. 


UECIMALS. 

861. In subsect. 783. et seq. the mode of converting vulgar into decimal fractions has 
been explained. We shall here more particularly apply them to the general subject of our 
work. Great facilities arise from their application, though there be many fractions of com- 
mon occurrence which cannot be expressed in decimals without a great number of figures. 
Die following table will show the mode of expressing in decimals the fractional parts of a 
foot, and will further illustrate tlie mode of writing down numbers in decimals : 


Feet. 

1 

Inches. 

1 in >Tilgar 

fractions 1-^, in decimal fractions 

1-083333 

5 

2 

■ • • • 

5-166666 

4 

3 

• • • • 

4*25 

0 

4 

j 

0-333333 

3 

5 . . « « . 


3-416666 

23 

6 


23*5 

548 

7 

• • • • 548ft 

548-583333 


We may here repeat, that the value of a decimal fraction is not altered by any ciphers on 
its right hand; thus, *2500 is of the same value as *25, but every cipher added between 
the number and the decimal point decreases the value of the decimal ten times : thus *25 = ^ ; 
•02o = ^; and *0025=^. The mode of finding the value of recurring decimals has 
already been given (subsect. 793. ) ; we shall, therefore, proceed to the reduction of a decimal 
to its corresponding value in inferior denominations. For effecting this, the decimal must 
be multiplied by the number of parts its integer contains of the denomination to which 
it is to be reduced, and point off to the left as many figures in the product as there are 
places in the decimal. 

862. Thus, to find the inches and parts equivalent to *5417 of a foot. Remembering 
that a foot contmns 1 2 inches, we have — 

-5417 

12 

6*5004 inches; and 1 inch consisting of 
12 parts 

6-0048 parts; hence *5417 is equal to 6 inches, and 6*0048 parts. 

Again, to find the value in shillings and pence of *525 of a pound sterling, we have 

•525 

20 shillings in a pound 

10*500 

12 

6*000; that is, lO shillings and 6 pence. 

Reciprocally, to find what decimal of a foot are 6 inches 6*0048, we have, first, 

Parts in anMnch, 12)6*0048 

Parts in a foot, 12)6 *5004 


•5417, the decimal required. 
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Again, to find what decimal of a pound sterling are ten shillings and sixpence : here we 
have — 

Pence in a shilling 1 2) 6 O 
Shillings in a pound 20)10*5 

*525, the decimal required. 

863. The addition of decimal fractions is performed by placing the different numbers with 
the points directly under each other, and then the addition is made as in whole numbers, 
observing to place the point in the sum under its place in the numbers. 

Example. — Add the numbers 3*5675, 21 *375, and 760*00875 together. 

3*5675 
21 *375 
760*00875 

784-95125 

864. The svbtractiwi of decimal fractions is performed by placing the fractions with the 
points directly under each other, and subtracting as in whole numbers. 

Example. — From 98*735 take 12*96785. 

98-735 

12*96785 


85*76715 

865. The multiplication of decimal fractions is performed as in integers, taking care to 
place the decimal point in the product to the left of as many decimals as are contained in 
both factors. But if there be not as many places in the product as are contained in 
both factors, ciphers must be placed to the left to make up the deficiency. 

Example. — Multiply 7 *335 by 7 *5. 

7*335 

7*5 


36675 

51345 


55*0125 

In this case there are three decimal places in the multiplicand, and one in the multiplier. 
Four decimals must therefore be cut off* from the right. 

Example. — Multiply *07325 by *5235. 

•07325 

•5235 


36625 

21975 

14650 

36625 


•038346375 

Here, because there are five places of decimals in the multiplicand and four in the multi- 
plier, making, in all, nine places, and only eight places come from the multiplication, we 
must prefix a cipher to make up the nine places. 

866. The division of decimal fractions is performed as in whole numbers, pointing off* 
from the right of the quotient as many figures for decimals as the dividend has more 
decimal places than the divisor. If the quotient have not so many figures as the decimals 
in the dividend exceed those in the divisor, ciphers must be prefixed to the left to make 
up the deficiency before the point be placed. 

Example. — Divide 7*375 by 5*25. 

5*25)7*3750000(1 *40476 
5 25 

2 125 
2 100 


2500 

2100 


4000 

.3675 


3250 

3150 


100 


U 4 
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Now the dividend with the ciphers annexed has seven places of decimals, and the divisor 
only two ; we must therefore cut off five places from the right hand for the decimals of the 
quotient. 

Example. — Divide *5675 by 72 *5. 

7 2 *5 ) ‘5675000 ( -007827 
5075 

6000 

5800 


2000 

1450 

5500 

5075 

425 

867. The dividend has, with the ciphers that have been annexed, seven places of deci- 
mals, and the divisor only one place ; hence we cut off from the right six places for the 
decimal of the quotient. But on examination it is found that there are only four signifi- 
cant figures obtained ; two ciphers must, therefore, be prefixed to the quotient. 

DUODECIMALS. 

868. Duodecimals are a series of denominations beginning with feet, wherein every inch 
in the lower denomination makes twelve in that next above it, and they form a series of 
fractions, whereof the denominations are understood, but not expressed. This method is 
chiefly in use among measurers of artificers’ works, for computing the contents of work. 
The dimensions are taken in feet, inches, and twelfths of an inch, but not nearer, except in 
works of the greatest nicety. Feet and inches are marked with their initial letters, but 
twelfths or seconds by a double accent, thus 2", and thirds by a triple accent, thus 5 '". 

869. To multiply duodecimals together, write down the two dimensions so to be multi- 
plied in such way that the place of feet may stand under the last place of the multi- 
plicand ; begin with the right hand denomination of the multiplier, and multiply it by 
every denomination of the multiplicand, throwing the twelve out of every product, and 
carrying as many units as there are twelves to the next. Placing the remainders, if any, 
under the multiplier, so that the like parts in the product may be under like parts of the 
multiplicand, proceed with every successive figure of the multiplier towards the left, in the 
same manner, always placing the first figure of the product under the multiplier. Then 
the sum of these partial products will be the whole product. In duodecimals there will be 
as many denominations below feet as in both the factors taken together. 

Example 1 Multiply 7 ft. 5 in. by 3 ft. 4 in. 

7 : 5 
3 : 4 


2:5:8 

22 : 3 

24 : 8 : 8 

■ Example 2. — Multiply 24 ft. 8 in. 8" by 3 ft. 7 in. 

24 : 8 : 8 

3 : 7 

14:5:0:8 

74 : 2 : O 

88 : 7 : O . 8 

870. In the first example there is only one place of duodecimals in each factor ; there 
are therefore two places in the product. In the second example there are two places of 
duodecimals in the multiplicand and one in the multiplier, which make, together, three ; 
there are therefore three denominations in the product. This method of placing the 
denominations of the factors gives the correct places of the product at once ; since like 
parts of the product stand under like parts of the multiplicand. It also shows the affinity 
between duodecimals, decimals, and every series or scale of denominations whereof any 
number divided by the radix of the scale makes one of the next towards the left hand. 
The consideration is, moreover, useful in discovering readily the kind of product arising 
from the multiplication of any two single denominations together. 

871- When the number of feet runs very high in the factors, it will be much better to 
write down the product of each multiplication, without casting out the twelve, and add 
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together those of each denomination beginning on the right, and divide by 12, to carry to 
the next higher place, then add these, and so on, as often as there are places in the whole 
product. • 

Example Multiply 262ft. 5 in. by 54ft. Sin. 

262 : 5 

54 : 8 

2099 : 4 
1048 : 20 

13100 : 250 


12 

14345 : 5:4 

Thus, under inches, the products being set down and added, they amount to 236^, 
which, divided by twelve, gives 197 to carry to the place of feet, and 5 remainder. Then 
adding the feet together with the quantity carried, it gives the whole number of feet; while 
the operation is extremely simple and free from the troubles of either side operations or 
useless stress on the memory. 

872. The division of the foot into 12 parts renders the application of the rules of practice 
very valuable in the computation of duodecimals. The practical rule is to set down the 
two dimensions one under the other, that is, feet under feet and inc -es under inches, 
and multiply each term in the multiplicand by the feet in the multiplier, beginning at the 
lowest; and, if the numbers be large, put down the inches without carrying 1 for every 12 
from inches to feet. Then, instead of multiplying by the inches, take such aliquot parts of 
the multiplicand as the inches are of a foot ; after which add the lines together, carrying 
1 for every 12 inches. 

Example 1. — Multiply 7ft. Sin. by 3ft. 4 in. 

4in. 7:5 

3 : 4 

22 : 3 
2:5:8 


Example 2 Multiply 262 ft. 5 in. by 54 ft. 8 in. 


8 =§ 


262 

54 

1048 

1310 

87 

87 

23 = 


5 
8 

- 270 

: 5 
: 5 


281 : 4 

Ti 


14345 : 5 : 4 

The same examples have been used to show the relative advantage of the two methods. 


873. The abridgment of the labours of practical men is always a matter of importance — 
being identical with the saving of time which is lost in calculation, and which with the 
architect is of the utmost importance, when it is recollected what multifarious duties he 
has to discharge. Hence we doubt not that the following table of squares, cubes, and 
roots of numbers, up to lOCX), will be most acceptable to him. An inspection of the table 
will at once instruct him in the method of using it. The first column shows the number, 
the second the square of such number, the third exhibits its cube. In the fourth column 
is found the square root of the number, and in the fifth its cube root. 

Thus, looking to the number 61 in the first column, we find its square to be 3721, its 
cube 226981, its square root 7-8102497, and its cube root 3-936497. 

Agmn, taking the number 784, we find its square to be 613089, its cube 481890304, its 
square root 28, and its cube root 9-220872. We presume that we need not further enlarge 
on instructions on its use. 
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Na 

Square. 

Cube. 

Square Root. 

CubeRoot. 

No. 

Square. 

Cube. 

Square Root. 

CubeRoot. 

1 

1 

1 

1-0 

1*0 

64 

4096 

262144 

8-0 

4-0 

2 

4 

8 

1-4142136 

1 -259921 

65 

4225 

274625 

8-0622577 

4-020726 

3 

9 

27 

1 -7320508 

1 -442250 

66 

4356 

287496 

8-1240384 

4-041240 

4 

16 

64 

2-0 

1 -587401 

67 

4489 

300763 

8-1853528 

4-061548 

5 

25 

125 

2-2360680 

1 -709976 

68 

4624 

314432 

8-2462113 

4-081656 

6 

36 

216 

2-4494897 

1-817121 

69 

4761 

328509 

8 -3066239 

4-101566 

7 

49 

343 

2-6457513 

1-912933 

70 

4900 

343000 

8-3666003 

4*121285 

8 

64 

512 

2-8284271 

2-0 

71 

5041 

357911 

8-4261498 

4*140818 

9 

81 

729 

3-0 

2*080084 

72 

5184 

373248 

8-4852814 

4-160168 

10 

100 

1000 

3-1622777 

2-154435 

73 

5329 

389017 

8-5440037 

4-179339 

11 

121 

1331 

3-3166248 

2-223980 

74 

5476 

405224 

8-6023253 

4-198336 

12 

144 

1728 

3-4641016 2-289428 

75 

5625 

421875 

8-6602.540 

4-217163 

•13 

169 

2197 

3-6Q5SS13j2-351335 

76 

5776 

438976 

8-7177979 

4-235824 

14 

196 

2744 

3‘7416574i2-410l42 

77 

5929 

456533 

8-7749644 

4-254321 

15 

225 

3375 

3-8729833:2-466212 

78 

6084 

474552 

8-8317609 

4-272659 

16 

256 

4096 

4 0 

2-519842 

79 

6241 

493039 

8-8881944 

4-290841 

17 

289 

4913 

4-1231056 2-571282 

80 

6400 

512000 

8-9442719 

4-308870 

18 

324 

5832 

4 *2426407 2-62074 1 

81 

6561 

531441 

9-0 

4*326749 

19 

361 

6859 

4-3S88989j2-668402 

82 

6724 

551368 

9-0553851 

4-344481 

20 

400 

8000 

4-4721360|2-7I4418 

83 

6889 

571787 

9-1104336 

4-362071 

21 

441 

9261 

4'5825757j2-758923 

84 

7056 

592704 

9-1651514 

4-379519 

22 

484 

10648 

4-6904158 2-802039 

85 

7225 

614125 

9-2195445 

4-.396830 

23 

529 

12167 

4-7958315|2-843867 

86 

7396 

636056 

9-2736185 

4-414005 

24 

576 

13824 

4-8989795 2-884499 

87 

7569 

658503 

9-3273791 

4*431047 

25 

625 

15625 

5-0 ■ 

2-924018 

88 

7744 

681472 

9-3808315 

4-447960 

26 

676 

17576 

5-09901 95| 2 *962496 

89 

7921 

704969 

9-4339811 

4-464745 

27 

729 

19683 

S-I961524.30 

90 

8100 

729000 

9 •4868330 

4-481405 

28 

784 

21952 

5-2915026 3-036589 

91 

8281 

753571 

9-5393920 

4-497942 

29 

841 

24389 

5-385 1648'3 -07231 7 

92 

8464 

778688 

9-5916630 

4-514357 

30 

900 

27000 

5-4772256,3-107232 

93 

8649 

804357 

9-6436.508 

4-530655 

31 

961 

29791 

5-5677644 3-141381 

94 

8836 

830584 

9-6953597 

4-546836 

32 

1024 

32768 

5-6568542-3-174802 

95 

9025 

857375 

9-7467943 

4-562903 

33 

1089 

35937 

5-7445626,3-207534 

96 

9216 

884736 

9-7979590 

4-578857 

34 

1156 

39304 

5-8309519 3-239612 

97 

9409 

912673 

9-8488578 

4-594701 

35 

1225 

42875 

5-9160798-3-271066 

98 

9604 

941192 

9-8994949 

4-610436 

36 

1296 

46656 

6-0 

3-301927 

99 

9801 

970299 

9*9498744 

4-626065 

37 

1369 

50653 

6-0827625 3-332222 

loo 

10000 

1000000 

10-0 

4-641589 

38 

1444 

54872 

6-16441403-36I975 

101 

10201 

1030301 

10-0498756 

4-657010 

39 

1521 

59319 

6-2449980l3-39I211 

102 

10404 

1061208 

10-0995049 

4-672330 

40 

1600 

64000 

6-3245553 3-419952 

103 

10609 

1092727 

10*1488916 

4-687548 

41 

1681 

68921 

6-4031242 3*448217 

104 

10816 

1124864 

10-1980390 4-702669 

42 

1764 

74088 

6-4807407 3 -476027 

105 

11025 

1157625 

10-246950814-717694 

43 

1849 

79507 

6-5574385|3-503398 

106 

11236 

1191016 

10-2956301 4-732624 

44 

1936 

85184 

6 -63324 96 3 *5 30348 

107 

11449 

1 225043 

1 0 -3440804 4-747459 

45 

2025 

91125 

6*7082039 3-556893 

108 

11664 

1259712 

10-3923048 4-762203 

46 

2116 

97336 

6*7823300 

3-583048 

109 

11881 

1295029 

10-4403065 

4-776856 

47 

2209 

103823 

6-8556546 

3-608826 

110 

12100 

1331000 

10-4880885 

4-791420 

48 

2304 

110592 

6-9282032 

3-634241 

111 

12321 

1367631 

10*5356538 

4-805896 

49 

2401 

117649 

7-0 

3-659306 

112 

12544 

1404928 

10-58.30052 

4-820284 

SO 

2500 

125000 

7-0710678 

3-684031 

113 

12769 

1442897 

10-6301458 

4-834588 

51 

2601 

132651 

7-1414284 

3-708430 

114 

12996 

1481544 

10-6770783 

4-848808 

52 

2704 

140608 

7-2111026 3-732511 

115 

13225 

1520875 

10-7238053 

4-862944 

53 

2809 

148877 

7-2801099 3-756286 

116 

13456 

1560896 

10-7703296 

4-876999 

54 

2916 

157464 

7-3484692 

3-779763 

117 

13689 

1601613 

10-8166538 

4-890973 

55 

3025 

166375 

7-4161985 

3-802953 

118 

13924 

1643032 

10-8627805 

4-904868 

56 

3136 

175616 

7*4838148 

3-825862 

119 

14161 

1685159 

10-9087121 

4-918685 

57 

3249 

I85I93 

7-5498344 

3-848501 

120 

14400 

1728000 

10-9544512 

4-932424 

58 

3364 

195112 

7-6157731 

3-870877 

121 

14641 

1771561 

11-0 

4-946088 

59 

3481 

205379 

7-6811457j3-8 92996 

122 

14884 

1815848 

11-0453610 

4-959675 

60 

3600 

216000 

7-7459667,3-914867 

123 

15129 

1860867 

11-0905365 

4-973190 

61 

3721 

226981 

7-8102497,3-936497 

124 

15376 

1906624 

11-1355287 

4-986631 

62 

3844 

238328 

7-8740079 3-957892 

125 

15625 

1953125 

11-1803399 

5-0 

63 

3969' 250047 

7-9.372539 3-979057 

126 

15876 

2000376 

111 *2249722:5-013298 
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No. 

Square. 

Cube. 

Square Root. 

Cube Root. 

No. 

Square. 

Cube. 

Square Root. 

CubeRoot. 

127 

16129 

2048383 

11-2694277 

5-026526 

190 

36100 

6859000 

13*7840488 

5-748897 

128 

16384 

2097152 

11-3137085 

5-039684 

191 

36481 

6967871 

13-8202750 

5-758965 

129 

16641 

2146689 

11-3578167 

5-052774 

192 

36864 

7077888 

13-8564065 

5-768998 

130 

16900 

2197000 

11-4017543 

5-065797 

193 

37249 

7189057 

13*8924440 

5-778996 

131 

17161 

2248091 

11-4455231 

5-078753 

194 

37636 

7301384 

13*9283883 

5-788960 

132 

17424 

2299968 

11*4891253 

5-091643 

195 

38025 

7414875 

13*9642400 

5-798890 

133 

17689 

2352637 

11-5325626 

5-104469 

196 

38416 

7529536 

14-0 

5-808786 

134 

17956 

2406104 

11-5758369 

5-117230 

197 

38809 

7645373 

14-0356688 

5-818648 

135 

18225 

2460375 

11*6189500 

5*129928 

198 

39204 

7762392 

14-0712473 

5-828476 

136 

18496 

2515456 

11*6619038 

5-142563 

199 

39601 

7880599 

14-1067360 

5-838272 

137 

18769 

2571353 

1 1 -7046999 

5*155137 

200 

40000 

8000000 

14*1421356 

5-848035 

138 

19044 

26280^ 

11*7473444 

5-167649 

201 

40401 

8120601 

14-1774469 

5-857765 

139 

19321 

2685619 

11-7898261 

5-180101 

202 

40804 

8242408 

14-2126704 

5-867464 

140 

19600 

2744000 

11*8321596 

5-192494 

203 

41209 

8365427 

14-2478068 

5-877130 

141 

19881 

2803221 

11-8743421 

5-204828 

204 

41616 

8489664 

14-2828569 

5-886765 

142 

20164 

2863288 

11*9163753 

5*217103 

205 

42025 

S615125 

14*3178211 

5-896368 

143 

20449 

2924207 

11-9582607 

5*229321 

206 

42436 

8741816 

14-3527001 

5-905941 

144 

20736 

2985984 

12*0 

5-241482 

207 

42849 

8869743 

14-3874946 

5-915481 

145 

21025 

3048625 

12*0415946 

5*253588 

208 

43264 

8998912 

14-4222051 

5-924991 

146 

21316 

3112136 

12*0830460'5 *265637 

209 

43681 

9123329 

14-4568323 

5-934473 

147 

21609 

3176523'l2-1243557 

5-277632 

210 

44100 

9261000 

14-4913767 

5-943911 

148 

21904 

3241792112-1655251 

5-289572 

211 

44521 

9393931 

14 -5258390 

5-953341 

149 

22201 

3307949 12-2065556 

5*301459 

212 

44944 

9528128 

14*5602198 

5*962731 

150 

22500 

3375000 

12*2474487 

5-313293 

213 

45369 

9663597 

14-5945195 

5-972091 

151 

22801 

3442951 

12-2882057 

5-325074 

214 

45796 

9800344 

14-6287388 

5-981426 

152 

23104 

3511808 

12-3288280:5-336803 

215 

46225 

9938375 

14-6628783 

5-990727 

153 

23 <109 

3581577 

12-3693169 5-348481 

216 

46656 

10077696 

14-6969385 

6-0 

154 

23716 

3652264 

12-4096736 

5-360108 

217 

47089 

10218313 

14*7309199 

6-009244 

155 

24025 

3723875 

1 2-4498996 

5-371685 

218 

47524 

10S602S2 

14*7648231 

6-018363 

156 

24336 

3796416 

12-4899960 

5-383213 

-219 

47961 

10503459 

14-7986486 

6-027650 

157 

24649 

3869893 

12-5299641 

5-394690 

220 

48400 

10648000 

14-8323970 

6-036811 

258 

24964 

3944312 

12-5698051 

5-406120 

221 

48841 

10793861 

14-8660687 

6-045943 

159 

25281 

4019679 

12-6095202 

5-417501 

222 

49284 

10941048 

14-8996644 

6-055048 

160 

25600 

4096000 

12-6491106 5-428835 

223 

49729 

11089567 

14-9331845 

6-064126 

161 

25921 

4173281 

12-688577515-440122 

224 

50176 

11239424 

14-9666295 

6-073177 

162 

26244 

4251528 

1 2-7279221 i5 -451 362 

225 

50625 

11390625 

15*0 

6-082201 

163 

26569 

4330747 

12-7671453'5-462556 

226 

51076 

11543176 

15*0332964 

6-091199 

164 

26896 

4410944 

12-8062485:5-473703 

227 

51529 

11697083 

15*0665192 

6*100170 

165 

27225 

4492125 

12-8452326'5-484806 

228 

51984 

1 1 8523.')2 

15*0996689 

6-109115 

166 

27556 

4574296 

12-8840987'5-495865 

229 

52441 

12008989 

15-1327460 

6-118032 

167 

27889 

4657463 

12-92284805-506879 

230 

52900 

12167000 

fS -1657509 

6-126925 

168 

28224 

4741632 

12-9614814:5-517848 

231 

53361 

12326391 

15*1986842 

6-135792 

169 

28561 

4826809 

13*0 

5*528775 

232 

53824 

12487168 

15-2315462 

6-114634 

170 

28900 

4913000 

1 3 038404815 *539658 

233 

54289 

1 2649337 

15*26^3375 

6-153449 

171 

29241 

5000211 

13*0766968 5*550499 

234 

54756 

12812904 

15-2970585 

6-162239 

172 

29584 

5088448 

13*1148770 5*561298 

235 

55225 

12977875 

15-3297097 

6-171005 

173 

29929 

5177717 

13-1529464;5-572054 

236 

55696 

13144256 

15-3622915 

6-179747 

174 

30276 

5268024 

13-1 909060 5-582770 

237 

56169 

13312053 

15*3948043 

6-188463 

175 

30625 

5359375 

13-2287566 5 -59.S445 

238 

56644 

13481272 

15-4272486 

6*197154 

176 

30976 

5451776 

13-26649925 -604079 

239 

57121 

13651919 

15-4596248 

6*205821 

177 

31329 

5545233 

13-30413475-614673 

240 

57600 

13824000 

15-4919334 

6*214464 

17S 

31684 

5639752 

13-34166415-625226 

241 

58081 

13997521 

15-5241747 

6*223083 

179 

32041 

5735339 

13*3790882'5*635741 

242 

58564 

14172488 

15*5563492 

6*231678 

180 

32400 

5832000 

13-4164079 5-646216 

243 

59049 

14348907 15-5884573 

6*240251 

181 

32761 

5929741 

13-4536240 5-656652 

244 

59536 

14526784(15-6204994 

6*248800 

182 

33124 

6028568 

13-4907376^5-667051 

245 

60025 

147061 25|l5-6524758 

6-257324 

183 

33489 

6128487 

13-5277493 5-677411 

246 

60516 

14886936,15-6843871 

6*265826 

184 

33856 

6229504 

13-56466005-687734 

247 

61009 

15069223 15-7162336 

6-274304 

185 

34225 

6331625 13-6014705 5-698019 

248 

61504 

1 5252992 1 5 -74801 57 

6-282760 

186 

34596 

6434856^13-6381817 5-708267 

249 

62001 

15438249 157797338 

6-291194 

187 

34969 

6539203 1 1 3 -6747943,5 -7 1 8479 

250 

62500 

15625000'l5*81l3883 

6*299604 

188 

35344 

6644672113-71 13092 5 -728654 

251 

63001 

15813251jl5-8429795 

6-307992 

189 

35721 

6751269'l3*747727r5*73S794 

252 

63504 

16003008 15-8745079 

6*316359 
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No. 

Square. 

Cube. 

Square Root. 

Cube Root. 

No. 

Square. 

Cube. 

Square Root. 

Cube Root. 

253 

64009 

16194277 

15-9059737 

6*324704 

316 

99856 

31554496 

17-7763888 

6-811284 

254 

64516 

16387064 

15-9373775 

6*333025 

317 

100489 

31855013 

17-8044938 

6*818461 

255 

65025 

16581375 

15-9687194 

6-341325 

318 

101124 

32157432 

17-8325.':45 

6-825624 

256 

65536 

16777216 

16-0 

6-349602 

319 

101761 

32461759 

17-8605711 

6-832771 

257 

66049 

16974593 

16-0312195 

6-357859 

320 

102400 

32768000 1 7 *8885438 

6-839903 

258 

66564 

17173512 

16-0623784 

6*366095 

321 

103041 

330761 61 

17-91 64729 

6*847021 

259 

67081 

17373979 

16-0934769 

6*374310 

322 

103684 

33386248 , 1 7 *9443584 

6-854124 

260 

67600 

17576000 

16-1245155 

6*382504 

323 104329 

33698267 J 1 7 -9722008 

6-861211 

261 

68121 

17779581 

16-1554944 

6*390676 

324 104976 

3401 22241 18*0 

6-868284 

262 

68644 

17984728 

16-1864I41 

6*398827 

325 105625 

34328125 18-0277564 

6-875343 

263 

69169 

18191447 

16-2172747 

6-406958 

326 106276 

34645976:18-055470] 

6'882388 

264 

69696 

18399744 

16-2480768 

6*415068 

327; 10692 9 

34965783 18-0831413 

6-889419 

265 

70225 

18609625 

16-2788206 

6*423157 

328,107584 

35287552ll8-1107703 

6-896435 

266 

707.56 

18821096 

16-3095064 

6*431226 

329'l08241 

35611289 18-1383571 

6-903436 

267 

71289 

19034163 

16-3401346 

6-439275 

330l 108900 

35937000 1 8 -1 659021 

6*910423 

268 

71824 

19248832 

16-3707055 

6-447305 

331 

109561 

36264691 

18*1934054 

6-917396 

269 

72361 

19465109 

16-4012195 

6*455314 

332 

110224 

36594368, 1 8 *2208672 

6-924355 

270 

72900 

19683000 

16-4316767 

6*463304 

333 

110889 

36926037 18-2482876 

6*931300 

271 

73441 

19902511 

16-4620776 

6*471274 

334 

111556 

37259704| 1 8 -2756669 

6*938232 

272 

73984 

^123648 

16-4924225 

6*479224 

335 1 12225 

37595375| 1 8 -3030052 

6-945149 

273 

74529 

20346417 

16-5227116 

6-487153 

336,112896 

37933056 18-3303028 

6-952053 

274 

75076 

20570824 

16-5529454 

6*495064 

337j 113569 

38272753 18*3575598 

6-958943 

275 

75625 

20796875 

16 -583 1240'6 *502956 

338jll4244 

38614472 18-3847763 

6-965819 

276 

76176 

21024576 

16-6132477 

6-510829 

339 114921 

38958219 18-4119526 

6-972682 

277 

76729 

21253933 

16-6433170 

6-518684 

340 

115600 

39304000 

18-4390889 

6-979532 

278 

77284 

21484952 

16-6733320 

6-526519 

341 

116281 

39651821 

18-4661853 

6-986369 

279 

77841 

21717639 

16-7032931 

6-534335 

342 

116964 

40001688 

18-49.82420 

6-993191 

280 

78400 

21952000 

16-7332005 

6-542132 

343 

117649 

40353607 

18-5202592 

7-0 

281 

78961 

22188041 

16-7630546 

6-549911 

344 

118336 

40707584 

18-5472370 

7-006796 

282 

79524 

22425768 

16-7928556 6-557672 

345 

119025 

41063625 

18-5741756 

7-013579 

283 

80089 

22665187 

16-8226038 6-565415 

346 

119716 

41421736 

18-6010752 

7-020349 

284 

80656 

22906304 

16-8522995 6-573139 

347 

120409 

41781923 

18-6279360 

7-027106 

285 

81225 

23149125 

16-8819430 6-580844 

348 

121104 

42144192 

18-6547581 

7-033850 

286 

81796 

23393656 

16-9115345 6-588531 

349 

121801 

42508549 

18-6815417 

7-040581 

287 

82.369 

23639903 

16-9410743,6-596202 

350 

122500 

42875000 

18-7082869 

7-047208 

288 

82944 

23887872 

16-9705627 

6-603854 

.351 

1 23201 

43243551 

18-7349940 

7-054003 

289 

83521 

24137569 

17-0 

6*611488 

352 

123904 

43614208 

18-7616630 

7 *060696 

290 

84100 

24389000 

17-0293864 

6*619106 

353 

124609 

43986977 

18-7882942 

7-067376 

291 

84681 

24642171 

17-0587221 

6-626705 

354 

125316 

44361864 

18-8148877 

7-074043 

292 

85264 

24897088 

17-0880075 

6 -634287 

355 

126025 

44738875 

18*8414437 

7*080698 

293 

85849 

251537 S 7 

17-1172428 

6-641851 

356 

126736 

45118016 

18*8679623 

7*087341 

294 

86436 

25412184 

17-1464282 

6*649399 

357 

1 27449 

45499293 

18*8944436 

7-093970 

295 

87025 

25672375 

17-1755640 

6*656930 

358 

128164 

45882712 

18-9208879 

7*100588 

296 

87616 

25934336 

17-2046OO5 

6-664443 

359 

128881 

46268279 

18*9472953 

7-107193 

297 

88209 

26198073 

17-2336879 

6 '67 1940 

360 

129600 

46656000 

18-9736660 

7*113786 

298 

88804 

26463592 

17-2626765[6-679419 

361 

130321 

47045881 

19*0 

7-120367 

299 

89401 

26730899 

17-2916I65|6-686882 

362 

131044 

47437928 

19-0262976 

7-126935 

300 

90000 

27000000 

17*3205081 6-694328 

363 

131769 

47832147 

19-0525589 

7-133492 

301 

90601 

27270901 

17-3493516 6-701758 

364 

132496 

48228544 

19-0787840 

7-140037 

302 

91204 

27543608 

17-3781472'6-709172 

365 

133225 

48627125 

19-1049732 

7-146569 

303 

91809 

27818127 

17-4068952 6-716.569 

366 

133956 

49027896 

19-1311265 

7-153090 

304 

92416 

28094464 

1 7 '4355 958 6 *723950 

367 

134689 

49430863 

19-1572441 

7-159599 

305 

93025 

28372625 

17-4642492'6-731316 

368 

135424 

49836032 

19-1833261 

7-166095 

306 

93636 

28652616 

1 7 -4928.557 16 -7 38665 

369 

136161 

50243409 

19-2093727 

7-172580 

307 

94249 

28934443 

17-5214155 6-745997 

370 

136900 

50653000 

19-2353841 

7-179054 

308 

94864 

29218112 

I7-5499288|6-753313 

371 

137641 

51064811 

19-2613603 

7-185516 

309 

95481 

29503629 

17-5783958,6-760614 

372 

138384 

51478848 

19-2873015 

7-191966 

310 

96100 

29791000 

17-6068169 6-767899 

373 

139129 

51895117 

19*3132079 

7-198405 

311 

96721 

30080231 

17-6351921:6-775168 

374jl39876 

52313624 

19-3390796 

7-204832 

312 

97344 

30371328 

17-6635217,6-782422 

375 j 140625 

52734375 

19-3649167 

7-211247 

313 

97969 

30664297 

17-6918060,6-789661 

376jl41376 

53157376 

19-3907194 

7-217652 

314 

98596 

30959144 

17-7200451 j6-796884 

3771142129 

53582633 

19-4164878 

7-224045 

315 

99225 

31255875 

17-7482393 ;6-804091 

3781 142884 

54010152 

19-4422221 

7-230427 
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No. Square. Cube. Square Root. Cube Root. No. Square. Cube. Square Root. Cube Root. 

379 14364] 54439939 19-4679223 7-236797 442 195364 86350888 21-0237960 7-617411 

380144400 54872000 19-4935887 7-243156 443 196249 86938307 21-0475652 7-623151 

381 145161 55306341 19-5192213 7-249504 444 197136 87528384 21 -0713075 7-628883 

382 145924 55742968 19-5448203 7-255841 445 198025 88121125 21-0950231 7-634606 

383 146689 56181887 19-5703858 7-262167 446 198916 88716536 21-1187121 7-640321 

384147456 56623104 19-5959179 7-268482 447 199809 89314623 21-1423745 7-646027 

385 148225 57066625 19-6214169 7-274786 448 200704 89915392 21 -1660105 7-651725 

386 148996 57512456 19-6468827 7-281079 449 201601 90518849 21-1896201 7-657414 

387 149769 57960603 19-6723156 7-287362 450 202500 91125000 21-2132034 7-663094 

388 150544 58411072 19-6977156 7-293633 451 203401 91733851 121 -2367606 7-668766 

389 151321 58863869 19-7230829 7-299893 452 204304 92345408 21-2602916 7-674430 

390 152100 59319000 19-7484177 7-306143 453 205209 92959677 2 1 -2837967 7 -680085 

391 152881 59776471 19-7737199 7-312383 454 206116 93576664 21 -3072758 7-685732 

392 153664 60236288 19-7989899 7-318611 455 207025 94196375 21-3307290 7-691371 

393 154449 60698457 19-8242276 7-324829 456 207936 94818816 21 -3.'^41565 7-697002 

394 155236 61162984 19-8494332 7-331037 457 208849 95443993 21-3775583 7-702624 

395 156025 61629875 19-8746069 7-337234 458 209764 96071912 21-4009346 7-708238 

396 156816 62099136 19-8997487 7-34,3420 459|210681 96702579,21 -4242853 7-713844 

397 157609 62570773 19-9248588 7-349596 460:211600 97336000 21-4476166 7-719442 

398 158404 6.3044792 19-949937.3 7-355762 461j212521 97972181 [21 4709106 7-725032 

399 159201 63521199 19-9749844 7-361917 462 213444 9861 1 128[2I -4941853 7 -730614 

400 160000 64000000 20-0 7-368063 463 214369 99252847 21-5174348 7-736187 

401 160801 6448120120-0249844 7-374198 464 215296 99897344'21 -5406592 7-741753 

402 131604 64964808 20-0499377 7-380322 465 216225 1 00544625|21 -5638587 7-747310 

403 162409 65450827 20-0748599 7-386437 466 217156 101194696,21-5870331 7-752860 

404 163216 65939264 20-0997512 7-392542 467 218089 101847563[21 -6101828 7-758402 

405 164025 66430125 20-1246118 7-.398636 468 219024 I02503232I21 -6333077 7-763936 

406 164836 6692.3416 20-1494417 7-404720 469|219961 103161709 21-6564078 7-769462 

407 165649 67419143 20-1742410 7-410794 470 220900 103823000 21 -6794834:7 -774980 

408 166464 67917312 20-1990099 7-416859 471 221841 104487 1 1 1 :21 -702534417-780490 

409 167281 68417929 20-2237484 7-422914 472 222784 105154048[21 -7255610'7-785992 

410 168100 68921000 20-2484567 7-428958 473 223729 105823817 21 -7485632|7-791 487 

411 168921 69426531 20-2731349 7-434993 474'224676 106496424:21 -771541117-796974 

412 169744 69934528 20-2977831 7-441018 4751225625 107171875|21 -7944947]7-802453 

413 170569 70444997 20-3224014 7-4470.33 476 226576 107850176 21-8174242 7-807925 

414 171396 70951944 20-3469899 7-453039 477 227529 108531333[21 -8403297 7-813389 

415 172225 71473375 20-3715488 7-459P36 478 228484 109215352 21 -86321 1 1 7 818845 

416 173056 71991296 20-3960781 7-465022 479 229441 109902239 21-8860686 7-824294 

417 173889 72511713 20-4205779 7-470999 480 2S0400 1 10592000 21 -9089023|7 -8297.35 

418 174724 73034632 20-4450483 7-476966 481 231361 1 11284641 21 -931 7122|7-835168 

419 175561 73560059 20-4694895 7-482924 482 232324 1 1 1980168'2 1 -9544984,7 -840594 

420 176400 74088000 20-4939015 7-488872 483 233289 112678587 21-9772610 7-846013 

421 177241 74618461 20-5182845 7-494810 484 234256 1 13379904[22-0 7-851424 

422 178084 75151448 20-5426386 7-500740 485 235225 1 14084125, 22-0227155j7-856828 

423 178929 75686967 20-566963817-506660 486 236196 1 14791256;22-0454077j7-4'62224 

424 179776 76225024 20-591260.3 7-512571 487 237169 1 15501303|22-0680765 7-867613 
425180625 76765625 20-6155281 7-518473 488 238144 1 1 621 4272, 22-090722ol7-872994 

426 181476 77308776 20-6397674 7-524365 489:239121 1169.30169I22-1 133444 7-878S68 

427 182329 77854483 20-6639783 7-530248 490 240100 1 17649000 22-1359436 7 -883734 

428 183184 78402752 20-6881609 7-536121 491241081 118370771 22-1585198 7-889094 

429 184041 78953589 20-7123152 7-541986 492 242064 1 19095488i22-1810730 7-894446 

430 184900 79507000 20-7364414 7-547841 493 243049 1 19823157 22-^36033 7-899791 

431 185761 80062991 20-7605395 7-553688 494 244036 120553784 22-2*261108 7-905129 

432 186624 80621568 20-7846097 7-559525 495 245025 121287375 22-2485955 7-910460 

4.33 187489 81 182737|20-8086S20 7-565353 496 246016 122023936 22-2710575 7-915784 
434 188356 81746504120-8326667 7-571 173 497 247009 122763473 22-2934968i7 -9'21 100 
1435 189225 82312875j20-8Se6536 7-576984 498 248004 123505992 22-3159136 7-926408 
436 190096 8288185620-88061307-582786 4991249001 124251499 22-3383079|7-931710 
:437 190969 8.345.3453 20-9045450 7-588.579 500 250000 12.5000000[22-3606798'7 -937005 
438 191844 84027672 20 9284495,7 -.594363 501 251001 125751501 22-383029317-942293 
[439 192721 84604519 20-9523268|7-600138 502i 252004' 126506008 22-4053565j7-947573 
[440 193600 85184000 20 9761770;7 605905 503' 2.53009 127263527 22 -42766 15 [7 -952847 
1441 194481 85766121 21 -0 7-611662 504 254016 1 28024064 22 4499443 7-958114 
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505 255025 128787625 22-4722051 7-963374 568 322624 183250432 23-8327506 8-2816351 

506 256036 129554216 22-4944438 7-968627 569 323761 184220009 23-8537209 8 -2864931 
507i257049 130323843 22-5166605 7-973873 570 324900 185193000 23-8746728 8-291344 
50s'258064;i31096512 22-5388553 7-979112 571 326041 186169411 23-8956063 8-296190 
509|259081|131872229 22-5610283 7-984344 572 327184 187149248 23-9165215 8-301030 

510 260100,132651000 22-5831796 7-989569 573 328329 188132517 23-9374184 8-305865 

511 261 121;133432831j22-6053091 7-994788 574 329476 189119224 23-9582971 8-310694 

512 262144134217728 22-627417o|8-0 575 330625 190109375 23-9791576 8-315517 

513 2631 69|l35005697 22-6495033i8-005205 576 331776 191 102976 24-0 8-320335 

514 264196il35796744 22-6715681 8-010403 577 332929 192100033 24 0208243 8-325147 

515 2652251136590875 22-69361 14 8 015595 578 334084 193100552 24-0416306 8-329954 

516 266256jl37388096;22-7156334 8-020779 579 .335241 194104539 240624188 8-334755 

517 267289 1 38188413 22-7376340 8-025957 580 336400 1951 12000 240831892 8-339551 

518 268324 138991832'22-7596134‘8 031 129 581 337561 196122941 24-1039416 8-344341 

519 269361 139798.359 22-781571s|8 036293 582|338724 197137368 24-1246762 8-349125 

520 270400 140608000 22-803S085;8 041451 583 339889 198155287 24-1453929 8 -353904 

521 271441 141 42076i;22-8254244 8-046603 584 341056 199176704 24-1660919 8-358678 

522 272484 142236648 22 -8 47.3 193 8 051 748 585|342223 200201625 24-1867732 8-363446 

523 273529 143055667|22 -8691 933 18-056886 586, 343396j201 230056 24-2074369 8-368209 

524 274S76;143877824 22-8910463'8O62018 587|344569 202262003 24-2280829 8-372966 
52S275625;144703125!22-9128785;8 067143 588 345744|203297472|24-24871 13 8-377718 

526 276676jl 45531 576|22-9346899[8 072262 589;346921 1204336469 24-2693222 8-382465 

527 277729 146363183 22-9564806,8 077374 590,348100 205379000 24-2899156 8-387206 

528 278784 147197952 22-9782506 8-082480 591;M9281 206425071 24-3104916 8-391942 

529 279841 |l48035889'23O 8-087579 592 350464 207474688|24-3310501 8-396673 

530 280900 14887700o! 23021 7289 8 092672 593j351 6491208527857,24-351 591 3 8-401398 

531 281961 1149721291 23-0434372 8 097758 594, 352836, 209584584!24-.3721 152 8-406118 

532 283024 150568768 23 0651252:8-102838 595 ,354025 210644875 24-3926218 8-410832 

533 284089|l514194,37:23O867928, 8-107912 596j35521 6 21 1 708736 24 41 31 1 12 8-415541 

534 285156 1 52273304 23 -1 084400 8-11 2980 597j356409 21 27761 73 24-4335834 8 -420245 

535 286225|153130375|23-1300670'8-118041 598j357604l2138471 92|24 -4540385 8-424944 

536 2872961 1 53990656,23 -1 51 673818 -1 2.3096 599j358801 21 4921 799 24 -4744765,8-429638 

537 288369154854153 23-1732605 8-128144 600 360000 21 6000000j24-4948974:8-434327 

538 289444|155720872[23-1948270|8 -133186 601 1361201 21 7081801 124 -51 5301 3 8-439009 

539 290521 [15659081 9, 2S-216.3735;8-1 38223 602i3624O4 21 81 67208 24 -5356883, 8-443687 

540 291600157464000 23-2379001 8-143253 603 '.363609 219256227,24-5560583,8-448360 

541 29268lil5834042lj23-2594067j8-148276 604!364816(220348864 24-5764115 8-453027 

542 293764'l59220088|23-2808935j8-l 5329.3 605:366025 221445125 24-5967478 8-457689 

543 294849|160103007,23-3023604 8-158304 606 367236 222545016|24-61 70673 8-462347 

544 295936|l609891 8423-3238076 8-163309 607 368449 223648543 24-6373700 8-466999 

545 297025;161878625j23-3452351 8-168308 608 369664 224755712 24-6576560 8-471647 

546 2981 16jl 62771 3.36 23-3666429 8 1 73302 609 370881 225866529 24-6779254 8-476289 

547, 299209j 163667323 23-3880311 8-178289 610 372100 226981000 24-6981781 8-480926 
548 3003041164566592 23-4093998 8-183269 611 373321 2280991 31 124-71 841 42 8-485557 
549,30J401 |l 654691 49 23-4307490 8-188244 612 374544 229220928:24-7386338|8-490] 84 
550 302500 166375000 23-4520788 8-1 93212 613 375769 230346397124-7588368 8 494806 
551,303601 167284151 23-4733892 8-198175 614 376996 231475544j24-7790234i8-499423 
552 304704 168196608123-4946802 8-203131 615 378225 232608375 24-799193518-504034 
553|3O58O9|l69112377l23-5159520|8-208O82 61 6|379456 233744896 24-81 93473]8-50864I 
554 30691 61170031464 23 -5372046,8 -21 3027 617 380689|2348851 13 24-8394847,8-513243 
555l308025jl70953875 23-558438oj8-217965 61 8|381 924, 236029032|24 -8596058:8-51 7840 
556,309136,171879616'23-5796522;8-222898 619,383161 ,2371 76659 24-8797106 8-522432 
557 310249117281)8693 23-6008474j8-227825 620 384400 238328000 24-8997992 8-52701 8 
558'311364jl73741 112 23-622023618-232746 621 ;385641 239483061 124-91 98716'8-S31 600 
559'312481|174676879 23-6431808:8-237661 622,386884 240641 848 24-9399278 8-536177 
560 313600 175616000123-6643191:8-242570 623,388129 241804367124-9599679 8-540749 
56lj31472lil76558481 23-6854386 8-247474 624,389376 242970624 24-9799920 8-545317 
562 315844'177504328 23-7065392 8-252371 625 390625 244140625 25-0 18-549879 

563! 31 69691 1 78453547 23 -727621 0 8 -257263 626 391 876 24531 4376 25 -01 99920 8 -554437 
5641318096 179406144 23-7486842 8-262149 627 393129 246491883,25-0399681 8-558990 

565 319225 180362125 23-7697286 8-267029 628 394384 247673152 25 0599282 8 -5635*37 

566 320356 181321496 23-7907545 8-271903 629 395641 248858189 25-0798724 8 568080 
5671.321489 182284263 23-8117618 8-276772 630 396900 250047000 25-0998008 8-572618 


Square Root. Cube Root. I No. Square. 


Square Root. 



Chaf. I. 


ARITHMETIC AND ALGEBRA. 
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No. Square. Cube. Square Root. Cube Root I No.l Square. I Cube. Square Cube Root. 


631 398161 251239591 25 11 971 34 18-5771 52 694 481636 334255384,26-3438797 8 -853598 

632 399424 252435968{25-1396102 8-581680 695 483025 335702375,26-3628527 8-857849 

633 400689 2536361 37 25-1 59491 3 8 -586204 696 48441 6 3371 53536 26-381 81 1 9 8-862095 

634 401956 25484O104|25-1793566 8-590723 697 485809 338608873,26-4007576 8-866337 

635 403225 256047875,25-1992063 8-595238 698 487204 840068392 26-4196896 8-870575 

636 404496 257259456j25-2190404 8-599747 699 488601 341532099:26-4386081 8-874809 

637 405769 258474853 25-2388589 8-604252 700 490000 343000000!26 -45751 31 8-879040 

638 407044 259694072 25-2586619 8-608752 701 491401 344472101 26-4764046 8-883266 

639 408321 260917119 25-2784493 8-613248 702 492804 345948408 26-4952826 8-887488 

640 409600 2621 44000 25-298221 3 8 -61 7738 703 494209 347428927 26-51 41 472 8 -891 706 

641 410881 263374721 25-3179778 8-622224 704 495616 348913664 26-5329983 8-895920 

642 412164 264609288 25-33771 89 8-626706 705 497025 350402625 26-5518361 8-900130 

643 413449 265847707 25-3574447 8 -631183 706 498436 351895816 26-5706605 8-904336 

644 414736 267089984 25-3771551 8 635655 707 499849 353393243 26-5894716 8-908538 

645 416025 268336125 25-3968502 8-640122 708 501264 354894912 26-6082694 8-912736 

646 417316 269586136 25-4165301 8 644585 709 502681 356400829 26-6270539 8-916931 

647 418609 270840023 25-4361947 8 -649043 710 504100 35791 1000 26-6458252 8-121121 

648 419904 272097792 25-4558441 8-653497 711 505521 359425431 26-6645833 8-925307 
649421201 273359449 25-4754784 8-657946 712 506944 360944128 26-6833281 8-929490 

650 422500 274625000 25-4950076 8-662301 713 508369 362467097 26-7020598 8-933668 

651 423801 275894451 25-5147016 8-666831 714 509796 363994344 26-7207784 8-937843 

652 425104 277167808 25-5342907 8-671266 715 511225 365525875 26-7394839 8-942014 

653 426409 278445077 25-5538647 8-675697 716 512656 367061696 26-7581763 8-946180 

654 427716 279726264 25-5734237 8 -680123 717 514089 368601 813 26-7768557 8-950343 

655 429025 281011375 25-5929678 8-684545 718 515524 370146232 26-7955220 8-954502 

656 430336 282300416 25-6124969 8-688963 719 516961 371694959 26-8141754 8-958658 

657 431649 283593393 25-63201 12 8-693376 720 518400 373248000 26-8328157 8-962809 

658 432964 284890312 25-6515107 8-697784 721 519841 374805361 26-8514432 8-966957 

659 434281 286191179 25-6709953 8-702188 722 521284 376367048 26-8700577 8-971 100 

660 435600 287496000 25-6904652 8-706587 723 522729 377933067 26-8886593 8-975240 

661 436921 288804781 25-7099203 8-710982 724 524176 379503424 26-9072481 8-979376 

662 438244 2901 17528 25-7203607 8-715373 725 525625 381078125 26-9258240 8-983508 

663 439569 291434247 25-7487864 8-719759 726 527076 382657176 26-9443872 8-987637 

664 440896 292754944 25-7681975 8.724141 727 528529 384240583 26-9629375 8-991762 

665 442225 294079625 25-7875939 8-728518 728 529984 385828352 26-9814751 8-995883 

666 443556 295408296 25-8069758 8-732891 729 531441 387420489 27-0 90 

667 444889 296740963 25-8263431 8-737260 730 532900 389017000 270185122 9-004113 

668 446224 298077632 25-8456960 8-741624 731 534361 390617891 270370117 9-008222 

669 447561 299418309 25-8650343 8 745984 732 535824 392223168 27-0554985 9 012328 

670 448900 30076.3000 25-8843582 8-750340 733 537289 393832837 27-0739727 9-016430 

671 450241 302111711 25-9036677 8-754691 734 538756 395446904 27 0924344 9 020529 

672 451584 303464448 25-9229628 8-759038 735 540225 397065375 27-1108834 9-024623 

673 452929 304821217 25-9422435 8-763380 736 541 696 398688256 27-12931 99 9-028714 

674 454276 306182024 25-9615100 8-767719 737 543169 400315553 27-1477439 9-032802 

675 455625 .307546875 25-9807621 8-772053 738 544644 401947272 27-1661554 9-036885 

676 456976 308915776 26 0 8-776382 739;546121 403583419 27-1845544 9040965 

677 458329 310288733 260192237 8-780708 740!547600 405224000 27-2029410 9-045041 

678 459684 311665752 26 0384331 8-785029 74li549081 406869021 27-2213152 9-049114 
|679 461041 313046839 260576284 8-789346 742 550564 408518488 27-2396769 9053183 
1680 462400 314432000 26 0768096 8-793659 743 552049 410172407 27-2580263 9-057248 
|681 463761 315821241 260959767 8-797967 7448553536 411830784 27-2763634 9061309 
|682 465124 317214568 26-1151297 8-802272 7451555025 413493625 27-2946881 9065367 

683 466489 318611987 26-1342687 8-806572 746*556516 415160936 27-3130006 9-069422 

684 467856 320013504 26-1533937 8-810868 7471558009 416832723 27-3313007 9 073472 

685 469225 321419125 26-1725047 8-815159 748,559504 418508992 27-3495887 9 077519 

686 470596 322828856 26-1916017 8-819417 749 561001 420189749 27-3678644 9-081563 

687 471969 324242703 26-2106848 8-823730 750*562500 421875000 27-3861279 9 085603 

688 47.3344 325660672 26-2297541 8-828009 75l!504001 423564751 127 -4043792 8-0896391 

689 474721 327082769 26-2488095 8-832285 752;565504 425259008|27-4226184 9-093672 

690 476100 328509000 26-2678511 8-836556 753567009 426957777;27-4408455 9 097701 
1691 477481 329939371 26 2868789 8-840822 754'568516428661064 27-4590604 9-101726 
692 478864 331373888 26-3058929 8-845085 755,570025|430368875;27 -4772633 9-105748 
1693 480249 332812557 26-3248932 8-849344 756 571536 432081216 27-4954542 9-109766 
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Square. 


757!573049j 
7S8i574564; 
7S9I576081 
i760'577600; 

761 

762 


Cube. 


Square Root. 


Cube Root 


433798093 27-51 36330 9-113781 
435519512 27-5317998 9-117793 


763| 

764 

765 
766! 
767l 
768! 
769| 
77o! 
j771 
772 
!773| 

774 

775 

776 

777 

778 

779 

780 

781 
7821 
7831 


784 614656 481890304,28-0 


437245479 27-5499546 
438976000 27-5680975! 
5791211440711081 27-5862284' 
580644 1 442450728 27-60434751 


5821 69|4441 94947 27 -6224546 
5836961445943744 27-64054991 
5852251447697125 27 -65863341 


586756 

588289! 

589824 

591361 

5929001 

594441 

5959841 

597529! 


449455096 27 6767050 
451 21 7663 27-69476481 
452984832 27-7128129! 
454756609 27 7308492 
456533000 27 -7488739 
45831 4011 '27 -7668868 
460099648^27 -78488801 
461 88991 7!27 -8028775 


599076 463684824;27 -8208555 
600625;465484375!27 -83882 1 8 
602176,467288576|27-8567766 
603729!469097433, 27-87471 97 
60528414-7091 0952 27-8926514 
606841 j472729139 27-9105715 
608400 474552000 27-9284801 
609961 1476379541 [27-9463772i 
61 1 52414 7821 1 768; 27 -9642629] 
61 30891480048687!27 -9821 372 


9-121801 

9-125805 

9-129806 

9-133803 

9-137797 

9-141788 

9-145774 

9-149757 

9-153737 

9-157713 

9-161686 

9-165656 

9-169622 

9-173585 

9-177544 

9-181500 

9-185452 

9-189401 

9-193347 

9-197289 

9-201228 

9-205164 

9-209096 

9-213025 

9-216950 

9-220872 


78561 6225, 483736025:28 -01 78515;9-224791 
786 617796 485587656 28-0356915 9-228706 


78761 9369 487443403 28 -0535203 
788j620944!489303872t28 -0713377, 
789.622521 491 1 6906928 0891 438! 
790624100 493039000 28-1069386 
791 1625681 49491 3671 28 -1 247222] 
792 627264 496793088|28-1 424946] 
793,'628849 498677257 28-1602557 
794630436 500566184 28-1 780056 

795 632025^502459875 28-1957444 

796 633616,504358336 28-213472o| 
797}635209]506261573 28-2311884 
798 636804 5081 69592 28-2488938 
799!638401 |51 0082399 28-2665881 
80o!640000,51 2000000 28 -28427 1 2] 


801 641 601 !51 3922401 j 
802]643204| 51 5849608 ! 
803!644 809 517781627 
804l646416!519718464! 


28-3019434 
28-3196045 
28-3372546 
28-3548938|9-298623 
28-372521919-302477 


9-232618 

9-237527 

9-240433 

9-244335 

9-248234 

9-252130 

9-256022 

9-259911 

9-263797 

9267679 

9-271559| 

9275435 

9 279308 

9-283177 

9-287044 

9290907 

,9-294767 


820; 

821 

822] 


823 677329 
824'678976 
825 680625 
826682276 
827683929 
828:685584 

829 687241 

830 688900] 

831 690561 

832 692224] 
833;693889 
834|695556 

697225; 
698896; 
700569; 
702244 
703921 


805 648025 521 6601 25: 

806|649636l52360661 6}28-3901 391 '9-306327 
'807 651249 525557943 28-407745419-310175 
808 652864 '52751 41 1 2 28 -4253408 , 9 -31 401 9| 
8091654481 15294751 29128-4429253:9-31 7859| 
810|656100 531441000 28-4604989 9-321697 

811 65772l]53341173l|28-4780617]9-325532: 

812 659344:535 387328:28 -49561 37j9-.329363 
813l660969S37367797|28-5131549|9-333191 
8141662596 539353144j28-5306852|9-33701 6] 
]81 5 664225 ;541 31 3375 28 -5482048 9-3408.38 

816 665856 543338496 28-5657137 9-344657 

817 667489545338513 28-58321 1 9|9-.348473 

818 669124'547343432i28-6006993 9-352285 

81 9 670761 j549353259l28-61 81 760 9-356095 


Square. 


|672400] 

!674041 

675684 


835 

836] 

837: 

838; 

839 

840, 

841 

842 

843 

844 
8451 
846| 
847 
848] 
849 
850] 
851 

852] 

853] 

854 

855 

856 

857 

858 

859 
860: 
861 
862] 
863, 
864] 

865 

866 
867! 
868 
869 


Cube. 


Square Root. 


5513680001 
553387661 
555412248 
5574417671 
559476224] 
561515625 
563559976; 
565609283] 
567663552 
569722789 
571787000 
573856191 
575930368 
578009537 
580093704 
582182875 
584277056 
586376253] 
588480472 
590589719] 
592704000 
594823321 
596947688 
599077107 
601211584 
603351125] 
6054957361 
607645423 
719104j609800192 
720801] 61 1960049 
722500 614125000] 


705600] 
707281 
708964 
710649 
712336 
714025 
15717 
71 7409] 


724201 
725904 
727609 
72931 6] 
731025 
732736] 
734449] 
736164 
737881 
739600] 
741321 
743044 
744769 
746496 
748225 
749956 
751689] 
753424] 
755161 
8701756900] 

871 758641 

872 760384 


616295051 

618470208 

620650477 

622835864 

625026375 

627222016 

629422793 

631628712 

633839779 

636056000] 

638277381 

640503928 

]642735647 

644972544 

647214625] 


Cube Root.! 


28-6356421 9-359901 
28-6530976 9-363704] 
28-6705424 9-367505 
28-6879766 9-371302 
28-7054002 9-375096 
28-7228132 9-378887 
28-7402157 9-382675 
28-7576077 9-386460 
28-7749891 9-390241 
28-7923601 9-394020] 
28-8097206 9-397796| 
]28-8270706 9-401569 
28-8444102 9-405338 
28-8617394 9-409105 
28-8790582 9-412869 
28-8963666 9-41 6630 
28-9136646 9-420387 
28-9309523 9-424141 
,28-9482297 9-427893 
]28 -9654967 9-431642 

28- 9827535 9-435388 

29- 0 9-439130] 

29-0172363 9-442870] 
29 -0344623 9 -446607 
29 0516781 9-450341 
290688837 9-454071 
290860791 19-457799 
29-1032644]9-461524 
]29-l 204396:9-465247 
29-1376046 9-468966] 
29 -1 547595 9 -472682 
29-1719043 9-476395 
29-1890390J9-480106 
29-2061637]9-483813 
29-2232784 9-487518 
J29 -2403830 9-491219 
29-2574777 9-494918 
29-2745623 9-498614 
29-291 637 o! 9 -502307 
29-3087018j9-505998 


873] 

874j 

875 

876] 

877] 

878] 


762129] 
763876; 
765625 
767376 
769129 
770884 
879-772641 
880,774400] 
881 ,7761 61 
882:777924 


29-3257566 9-509685 
]29 -342801 s! 9-S1 3369] 
29-3598365j9-517051 
;29-3768616|9-520730! 
29-3938769 9-524406 
:29 -4108823 9-528079] 
649461 896 29 -4278779]9 -531 749] 
651714363 29-4448637 9-535417 
653972032 29 -461 8397]9-539081 

656234909 29-4788059 9-542743] 
658503000 29-4957624 9-546402 
66077631 1 29-5127091 ]9-550058 
663054848]29-5296461 19-553712 
66533861 7 [29-5465734 9-557363] 


667627624 
669921875] 
672221376 
674526133 
6768361 52 
679151439 
681472000 
683797841 
686128968 


29-5634910]9-56101o] 
]29-5803989 9-564655 
29-5972972 9-568297 
29-6141858 9-5719.37 
29-6310648 9 575574 
29-6479325 9-579208 
29-6647939 9-582839 
29-6816442 9-586468 
29-6984848 9-59009.3 
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No.| Square. Cube. Square Root.! Cube Root 

jsss' 779689 688465387 29-71 S31S9!9-593716 
884 781456 690807104 29-7321375i9-597337 
885*783225 693154125 29-7489496 9 600954 
886*784996 695506456 29-7657521 19-604569 
887:786769 697864103 29-7825452,9-608181 

888 788544 700227072 29-7993289 9-611791 

889 790321 702595369 29-8161030 9-615397 

890 792100 704969000 29-8328678! 9-61 9001 
1891 793881 707347971 29-8496231 ;9-622603 
892 795664 709732288 29-8663690:9-626201 
1893, 797449' 71 21 21 957 29-8831 056 9 -629797 
|894 799236! 71451 6984 29 -8998328 ! 9-633390 
1895,8010251716917375 29-9165506 9-636981 

896 802816'71 9323136 29-9332591 9-640569 

897 804609! 721 734273 29-9499583|9-644154 
898*806404 724150792 29-9666481 19-647736 

899 808201 : 726572699 29 -9833287 !9 -651 31 6 

900 810000,729000000 30 0 |9-654893 

901 811801 1731432701 30-0166620 9 658468 

902 813604,733870808 30 0333148*9-662040 

903 815409 736314327 30-0499584 9-665609 

904 817216 738763264 30 0665928 9 6691 76 

905 819025 741217625 30 0832179 9 672740 

906 820836 743677416 30-0998339 9-676301 

907 822649 746142643 30-1164407 9-679860 

908 824464,748613312 30-1330383 9-683416 
909,826281 751089429 30-1496269 9-686970 

910 828100'753571000 30-1662063 9-690521 

911 829921 756058031 30-1827765 9-694069 

912 831744 758550528 30-1993377 9-697615 

91 3 833569 , 761 048497 30-21 58899 1 9 -701 1 58 

914 835396 763551944 30-2324329 9-704698 

915 837225,766060875 30-2489669i9-708236 

916 839056 768575296 30-2654919,9-711772 

917 840889 771 095213 30-2820079 9-715305 

918 842724 773620632 30 -29851 48 9 -71 8835 

919 844561 7761 51 559 30-31 50128 9 -722363 

920 846400 778688000 30-3315018 9 725888 

921 848241 781229961 30-3479818 9-729410 

922 850084 783777448 30-3644529 9-732930 

923 851929 786330467 30-3809151 9 736448 

924 853776 788889024 30-3973683 9-739963 

925 855625 791453125 30-4138127 9 743475 

926 857476 794022776 30-4302481 9-746985 

927 859329 796597983 30-4466747 9-750493 

928 861184 799178752 30-4630924 9-753998 

929 863041 '801765089 30-4795013 9-757500 

930 864900 804357000 30-4959014 9-761000 

931 '866761 ;806954491 30-5122926 9-764497 

932 868624*809557568 30-5286750 9-767992 

933 870489 812166237 30-5450487 9-771484 

934 872356 814780504 30-5614136 9-774974 

935 874225 817400375 30-5777697 9-778461 

936 876096 820025856 30-5941 1 71 9-782946 

937 877969 822656953 30-6104557 9-785428 

938 879844*825293672 30-6267857 9-788908 

939 881721 '827P36019 30-6431069 9-792386 

940 883600*830584000 30-65941 94 9-795861 

941 885481 833237621 30-6757233 9-799333 


No. Square. Cube. Square Root.' Cube Root 
1 ! 

942 887364 835896888 30-6920185 9-802803| 

943 889249 838561807 30-7083051 1 9-806271 
944! 891136 841232384*30-7245830' 9-809736! 
945! 893025 843908625|30-74O8523 9-813198 
946: 894916 846590536j30-7571 1 30 9-816659 
947i 896809 849278123,30-7733651 9-820117 
948* 898704 851971392 30-7896086 9-823572 
949 900601 854670349:30-8058436 9-827025 
950* 902500 85737500000-8220700 9-830475 
951: 904401 860085351 130-8382879 9-833923 
952; 906304 862801408 30-8544972 9-837369 
953, 908209 865523177,30-8706981 9-840812! 

954 910116 868250664 30-8868904 9-8442531 

955 912025 870983875 30-9030743 9 847692 

956, 913936 873722816*30-9192497 9-851128 
957* 915849 876467493|30-9354166 9-854561 
958; 917764 879217912 30-9515751 9-857992 
959’ 919684 881974079 30-9677251 9-861421 
960, 921600 884736000 30-9838668 9-864848 
961; 923521 887503681 131 -O 9 868272 

962 925444 890277128 31-0161248 9-871694 
963* 927369 893056347*31-0322413 9-875113 
964! 929296 895841 344j31 -0483494 9-878530j 
965, 931225 898632125 31-0644491 9-8819451 
966! 933156 901 428696;31 -0805405 9-885357i 
967! 935089 904231063 31-0966236 9-888767; 
968i 937024 907039232 31-1126984 9-892174j 
969* 9389611 909853209*31 -1287648 9-895580, 

970 940900j 912673000 31-1448230 9-898983! 

971 942841; 91549861 1 31 -1608729 9-902383| 
972' 944784 91 8330048 '31 -1 769145 9 905781 ! 
973' 9467291 921167317:31-1929479 9-909177! 
974, 948676 ! 924010424 31-2089731 9-9125711 
975 950625 926859375131 -2249900 9-915962| 
976! 952576 929714176*31-2409987 9-919351; 
977| 954529 932574833 312569992 9-922738! 

978, 956484 ] 935441352 31 2729915 9-9261221 

979, 958441 93831 3739|31 2889757 9-929504; 

980 960400 941192001*31-3049517 9 232883* 
981 1 962361 944076141 !31 -32091 95 9 936261 j 
982! 964324! 946966168 31-3368792 9-9396361 
983 966289* 949862087131-3528308 9-943009 
984, 968256! 952763904,31-3687743 9 940379 
985 970225 ' 955671625,31-3847097 9-949747; 
986, 972196 * 958585256131-4006369 9-953113 

987 974169, 961504803,31-4165561 9-956477 

988 * 976144 ' 964430272131-4324673 9-959839 

989, 97812l| 967361669,31-4483704 9-963198; 
990 98OIO0I 970299OO0I3I -4642654 9 9665541 
991 1 982081 973242271 31 -4801525 9-969909’ 

992* 984064! 976191488131-4960315 9-973262! 
993! 986O49I 9791 46657 jsi -5119025 9-976612: 
994' 988036 ! 982107784:31-5277655 9-979959 
995 990025 985074875 31-5436206 9 983304 
996! 992016 988047936 31-5594677 9-986648 
997! 994009 991026973 31-5753068 9-989990 
998* 996004 994011992 31-5911380 9-993328 
999 998001 997002999 31-6069613 9-996665; 

1000 lOOOOOOIlOOOOOOOOOpl -6227767 10-0 I 


X 
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OEOMXT&T. 

874. Geometry is that science which treats of the relations and properties of the boun- 
daries of either body or space. The invention of the science has been referred to a very re- 
mote period : by some, to the Babylonians and Chaldeans ; by others, to the Egyptians, who 
;ire said to have used it for determining the boundaries of their several lands, after the 
inundations of the Nile. Cassiodorus says that the Egyptians either derived the art from 
the Babylonians, or invented it after it was known to them. It is supposed that Thales, 
who died 548 b. c., and Pythagoras of Samos, who flourished about 520 b. c., introduced it 
from Egypt into Greece. We do not, however, consider it useful here to enter into the 
history of the science ; neither is it necessary to enter into the reasons which have induced 
iis to adopt the system of Rossignol, from whom we extract this section, otherwise than to 
state that we hope to conduct the student by a simpler and more intelligible method to 
those results with which he must be acquainted. 

The limits of body or space are surfaces, and the boundaries of surfrces are lines, and the 
terminations of 1iTi<»-a are points. Bounded spac^ are usually called solids, whether occupied 
by body or not ; the subject, therefore, is naturally divided into three parts, — lines, surfaces, 
and solids ; and these have two varieties, dependent on their being straight or curved. 

875. Geometrical inquiry is conducted in the form of propositions, problems, and demon- 
strations, being always the result of comparing equal parts or measures. Now, the parts 
compared may be either lines or angles, or both ; hence, the nature of each method should 
be separately considered, and then the united power of both employed to focilitate the 
demonstration of propositions. But the reader must first understand the following 

DEriNmojfs. 

1. A solid is that which has length, breadth, and thickness. A slab of marble, for 
instance, is a solid, since it is long, broad, and thick. 

2. A surfoce is that which has length and breadth, without thickness. A leaf of paper, 
though not in strictness, inasmuch as it has thickness, may convey the idea of a suH^e. 

3. A line is that which has length, but neither breadth nor thickness. As in the case of 
a surflice, it is difficult to convey the strict notion of a line, yet an infinitely thin line, 
as a hafr, may convey the idea of a line : a thread drawn tight, a straight line. 

4. A point is that which has neither length, breadth, nor thickness, 
sand may give an idea of it. 

5. If a line carried about a point A, so that its other extremity 

passes from B to C, from C to I), &c. 223 . ), the point B, 

in its revolution, will describe a curve BCDFGLB. This 
curve line is called the circumference of a circle. The circle is 
the space enclosed by this circumference. The point A, which, 
in the formation of the circle is at rest, is c^ed the centre. 

The right lines AC, AD, AF, &c, drawn from the centre to the 
circumforence, are called radii. A diameter is a right line which 
passes through the centre, and is terminated both ways by the 
circumforence. The line DAL, for example, is a diameter. An 
arc is a part of a circumforence, as FG. 

6. The circumference of a circle is divided into 360 equal parts, called degrees ; each degree 

is divided into 60 parts, called minutes, and each minute into 60 parts, called seconds. 
Every circle, without relation to its magmtude, is supposed to be equally divided into 
degrees, minutes, and seconds. 

7. Two ri^t lines drawn from the same point, and diverging from each other, form an 
opening which is called an angle. An angle is commonly 
expressed by three letters, and it is usual to place in the 
middle that letter which marks the point whence the 
lines diverge; thus, we say the angle BAG or DAF 
{fig. 224-), and not the angle ABC or ACB. 

8. The magnitude of an angle does not depend on the lines 
by which it is formed, but upon their distance from each 
other. How far soever the lines AB, AC are continued, 
the angle remains the same. One angle is greater than 
another when the lines of equal length by which it is 
formed are more distant. Thus the angle BAL {Jig. 223.) is greater than the angle 
CAB, because the lines AB, AL are more distant from each other or include a greater 
arc than the lines AC, AB. If the legs of a pair of compasses be a little separated, 
an angle is formed ; if they be opened wider, the angle becomes greater ; if they be 

- brought nearer, the angle becomes less. 



Fig. 225. 
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9. If the point of A pair of compasses be applied to the point G (Jig, 225.), and a cir- 
cumference NRB be described, the arc NR contained within the two lines GL, GM 
\Till measure the magnitude of the angle LGM. If the arc NR, for example, be an 
arc of 40 degrees, the angle LGM is an angle of 40 degrees. 

10. There are three kinds of angles (Jig. 226.): a right angle (I), which is an angle of 90 
degrees; an o6^use angle (II), which contains 
more than 90 degrees ; and an acute angle 
(III), which contains less than 90 degrees. j 

1 1 . One line is perpendicular to another when 
the two angles it makes with that other 
line are equal: thus, the line CD (Jig. — 

227.) is perpendicular to the line AB, if FjB. 226 . 

the angles CD A, CDB contain an equal number of degrees. 

1 2. Two lines are parallel when all perpendiculars drawn from one to the other are equal ; 
thus, the lines FG, AB (Jig. 228.) are pa- 
rallel, if all the perpendiculars cd, cd, &c. 
are equal. 

1 3. A triangle is a surface enclosed by three 
right lines, called sides (Jig. 229.). An 
equilateral triangle (I) is that which has 

three sides equal ; an isosceles triangle has ^ 

only two of its sides equal (II) ; a scalene 
triangle (III) has its three sides imequal. 

14. A qtuidrilaieral figure is a surface enclosed by four right lines, which are called its 
sides. 

15. A. parallelogram is a quadrilateral figure, which has its opposite sides parallel; thus. 


F d d dd d d d d Cr 


T 


C C C o C CO 
Fig. 228. 



Fi«. 229, Fig. 230. 

if the side BC (Jig. 230.) is parallel to the side AD, and the side AB to the side 
DC, the quadrilateral figure ABCD is called a parallelogram. 

1 6. A rectangle is a quadrilateral figure all the angles 
whereof are right angles, as ABCD (Jig. 231.). 

17. A square is a quadrilateral figure whose sides are 
all equal and its angles right angles (Jig. 232.). 

18. A trapezium is any quadrilateral figure not a . 

parallelogram. ^ "** 

1 9 . Those figures are eqwl which enclose an equal space ; thus, a circle and a triangle are 
equal, if the space included within the circumference of the 
circle be equal to that contained in the triangle. 

20. Those figures are identical which are equal in all their parts ; 

that is, which have aU their angles equal and their sides equal, 
and enclose equal spaces, as BAC, EDG (^^.233.). It is 
manifest that two figures are identical which, being placed 
one upon the other, perfectly coincide, for in that case 
they must be equal in all their parts. It must be ob- 
served, that a line merely so expressed always denotes a right ^ 

line. ** 

AxioBf. Two right lines cannot enclose a space ; that category requires at least three 

lines. 



RIGHT LINRS AlfD RECTILINEAL FIGURES. 


876. Proposition I. The radii of the same circle are aU equal. 

The revolution of the line AB about the point A (Jig. 234.) 

being necessary (Defin. 5.) to form the circle BCDFGLB, when 
in revolving the point B is upon the point C, the whole line 
AB must be upon the line AC ; otherwise two right lines would 
enclose a space, which is impossible : wherefore the radius AC is 
equal to the radius AB. In like manner it may be proved that 
the radii AB, AF, AG, &c. are all equal to AB, and are there- 
fore equal among themselv^. 

877. Prop. II. On a given line to describe an equilateral tri- 
angle. 
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Fig. 235 



Let AB {jig. 235.) be the given line upon which it is required to describe a triangle 
whose three udes slull be equaL ^ ^ D 

From the point A, with the radius AB, describe the cir- 
cumference BCD, and from the point B, with the radius BA, de- 
scribe the circumference ACF ; and from the point C, where 
these two circumferences cut each other, draw the two right lines 
CA, CB. Then ACB is an equilateral triangle. 

For the line AC is equal to the line AB, because these two 
Imps are radii of the same circle BCD; and the line BC is 
equal to the line AB, because these two lines (Prop. 1.) are radii of the same circle 
ACF. Wherefore the lines AC and BC, being each equal to the line AB, are equal to one 
anotha*, and all the three sides of the triangle ACB are equal; that is, the triangle is 
equilateral. 

878. Paop. III. Triangles tohieh have two sides and the angle subtended or contained by 
them equal are identiccd. 

In the two triangles BAG, FDG (Jig. 235.), if the side DF be equal to the side AB, 
and the side DG equal to the side AC, and aJso the angle at D 
equal to the angle at A, the two triangles are identical. 

Suppose the triangle FDG placed upon the triangle BAC in 
such manner that the side DF fall exactly upon the side equal 
to it, AB. Since the angle D is equal to the angle A, the side 
DG must foil upon the side equal to it, AC; also the point F 
will be found upon the point B, and the point G upon the point 
C : consequently the line F G must foU wholly upon the line B C, 
otherwise two right lines would enclose a space, which is im- 
possible. Wherefore the three sides of the triangle FDG coincide 
in all points with the three sides of the triangle BAC, and the two triangles have their 
sides and angles equal, and enclose an equal space ; that is (Defin. ^ 

20.), they are identical. 

879. Paop. IV. In an isoscdes triangle the angles at the base are 
equal. 

I.et the triangle BAC (Jig. 237.) have its sides AB, AC equal, 
the angles B and C at the base are also equal. Conceive the 
angle A to be bisected by the right line AD. 

In the triangles BAD, DAC the sides AB, AC are, by sup- 
position, equal ; the side AD is common to the two triangles, 
and the angles at A are supposed equal. These two triangles, 
therefore, have two sides, and the angle contained by them equal. Hence, they are identical 
(Prop. .3), or have all ther parts equal : whence the angles B and C must be equal. 

880. Prop. V. Triangles which have 
their three sides equal are identical. 

In the two triangles ACB, FDG (Jig. 

238-), let the side AC be equal to the 
side FD, the side CB equal to the side 
DG, and the side AB to the side FG ; 
these two triangles are identical. 

Let the two triangles be so joined 
that the side FG shall coincide with the 
side AB (Jig. 239.), and draw the right 
line CD. Since in the triangle CAD 
the side AC is equal to the side AD, 
the triangle is isoceles; whence (Defin. 13.) the angles m and n at the base are equal. 

Since in the triangle CBD the side BC is equal to the side BD, the triangle is iso- 
sceles; whence (Defin. IS.) the angles r and s at the base are 
equal. 

JSecause the angle m is equal to the angle n, and the angle r 
equal to the angle «, the whole angle C is equal to the whole 
angle D. 

Lastly, because in the two triangles ACB, ADB the side AC 
is equal to the side AD and the side CB equal to the side DB, 
also the ai^le C equal to the angle D, these two triangles have two 
sides, and the contained angle equal, and are therefore (Prop. 3.) 
identicaL 

881. Prop. VI. To divide a right line into two equal parts. 

Let the right line which it is required to divide into two equal 

parts be AB(^. 240.). Upon AB draw (Prop. 2.) the equi- 
lateral triangle ADB, and cm the other ride of the same line 
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AB draw the equilateral toiangle AFB, draw also the right line DF ; AC is equal to 
CB. 

In the two larger triangles OAF, DBF the sides DA, DB are equal, because they 
are the sides of an equilateral triangle; the sides AF, BF ai^ equal for the same reason ; 
and the side OF is common to the two triangles. These two tria^les, then, haye their sides 
equal, and consequently (Prop. 5.) are identical, or have all their parts equal; where* 
fore the two angles at D are equal. 

Again, in the two smaller triangles ADC, COB the side DA is made equal to the 
side DB, and the side DC is common to the two triangles; also the two angles at D are 
equal. Thus these two triangles have two sides and the contained angle equal ; they are 
therefore (Prop. 3.) identical, and AC is equal to CB ; that is, AB is bisected. 

882. Prof. VII. From a given point out of a right line to draw a perpendicular to that 
line. 

Let C ifig. 241.) be the point from which it is required to draw a perpendicular to the 
rght line AB. ^ 

From the point C describe an arc of a circle which shall cut 
the line AB in two points F and G. Then bisect the line FG, 
and to D, the point of division, draw the line CD : this line is 
perpendicular to the line AB. Draw the lines CF, CG. 

In the triangles FCD, DCG the sides CF, CG are equal, be- ^ 
cause (Prop. 1.) they are radii of the same circle; the sides FD 
DG are equal, because FG is bisected ; and the side CD is com- 

mon. These two triangles, then, haying the three sides equal, are identical (Prop. 5.). 
Whence (Defin. 20.) the angle CD A is equal to the angle CDB, and consequently (Defin. 
11.) the line CD is perpendicular to the line AB. 

883. Prop. VIII. From a given point in a right line to raise a perpendictdar upon that 
Hne. 

From the point C (fg. 242. ), let it be required to raise a perpendicular upon the right 
line AB. 

In AB take at pleasure CF equal to CG ; upon the line FG 
describe an equilateral triangle FDG,and draw the line CD; this 
line will be perpendicular to AB. 

In the triangles FDC, CDG the sides DF, DG are equal, be- 
cause they are the sides of an equilateral triangle ; the sides FC, 

CG are equal by construction; and the side DC is common. 

These two triangles, then, having the three sides equal, are (Prop. 

5.) identical. Therefore (Defin. 20.) the angle DCA is equal to the angle DCB, and 
consequently (Defin. 11.) the line CD is perpendicular to the line AB. 

884. Prop. IX. The dtajneter of a circle divides the circumference into two eqtud 
parts. 

Let ADBLA {,Jig- 243.) be a circle; the diameter ACB bisects the circumference, that 
is, the arc ALB is equal to the arc ADB. q 

Conceive the circle to be divided, and the lower segment 
ACBLA to be placed upon the upper ACBDA; all the points 
of the arc ALB wUl fall exactly upon the are ADB; and conse- 
quently these two arcs will be equal. 

For if the point L, for instance, does not fall upon the arc ADB, 
it must fell either above this arc, as at G, or below it, as at F. 

If it fall on G, the radius CL will be greater than the radius 
CD ; if it fells on F, the radius CL will be less than the radius CD, 
which is (Prop. 1.) impossible. The point L, then, must fell upon Fjg.s43. 

the arc ADB. In like manner it may be proved that all the other points of the arc ALB 
must fell upon the arc ADB ; those two arcs are therefore equal. 

885. Prop. X. A right line which meets another right line forms wiikit ttvo angles, which, 
together, are equal to two right angles. 

The line AC (^5r.244.) meeting the line DF, and forming with 
it the two angles ACD, ACF, these two angles are together equal 
to two right angles. 

From the point C as a centre describe at pleasure a circum- 
ference.. N GLMN, 

The line N CL, being a diameter, divides the circumference 
(Prop. 9.) into two equal parts. The arc NGL U therefore 
half the circumference, which contains (Defin. 6.) 180, or twice 90 degrees. TTherefore 
the angles ACD, ACF, which, taken together, are measured by the arc NGL, are twice 
90 degrees, that is (Defin. 10.), are equal to two right angles. 

886. Prop. XI. A line drawn perpendicrdarlg to ano^r right line makes right angles 
with it. 





Fig. 244. 
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If the line CO (jfiff. 245.) be perpendicular to the line AB> the angle CDA is a right 
angle, and also the angle COB. 

For the line CD, meeting the line AB, forms 
with it two angles, which are together (Prop. 

10.) equal to two right angles; and these two 
angles are equal, because CO is perpendicular 
to AB. Wherefore each angle is a right angle. 

887. pBor. XII. iwo tines cut eocA other, 
the vertical or opposite angles are equal. 

Let the lines AB, OF (Jig. 246.) cut each 
other at the point C; the angles ACIX FCB, which are called vertical or opposite 
angles, are equal. 

From the point C, as a centre, describe at pleasure a circumference NGLMN. 

Since the line NCL is a diameter, the arc NGL is (Prop. 9.) half the circumferMice ; 
therefore the arcs NGL, GLM are equal. From these two arcs take away the common 
part GL, there will remain the arc NG equal to the arc LM. Consequently the angles 
ACD, FCB, which are measured by these two arcs, are also equal. 

888. Paor. XIII. If a line he perpendicular to one of two parallel lines, it is also per^ 
pendicvlar to the other. 

Let AB, CO (Jig. 247.) be two parallel lines! if the line FG makes right angles with 
CD, it will also make right angles with AB. A f r 

Take at pleasure GC equal to GO; at the points C and O 
raise the perpendicular CA, OB, and draw the lines GA, GB. 

In the two triangles ACG, BOG, because the line AB is pa- 
rallel to the line CD, the perpendiculars CA, OB are necessarily 
equal, as appears from the definition of parallel lines (Oefin. 12.) ; 
the lines CG, OG are equal by construction; and the angles 
C and O are right angles. The two triangles ACG, BOG have 
then two sides and the contained angle equal, they are therefore 
(Prop. 3.) identical. Whence the side GA is equal to the side 
GB, and the angle m equal to the angle n. 

Again, in the triangles AGF, FGB the side GA is equal to the side GB, as has been 
proved, and the side GF is common. Moreover, the angle r is equal to the angle s; for 
if from the two right angles FGC, FGO be taken away the equal angles m and n, there 
will remain the equal angles r and s. The triangles AGF, FGB have then two sides and 
the contained angle equal; they are therefore (ftxjp. 3.) identical. ^ 

Wherefore the angles GFA, GFB are equ^, and consequently 
are right angles. 

889. Prop. XIV. If one line he perpendicular to two other lines, 
these two lines are parallel. 

Let the line FG (Jig. 248.) make right angles with the lines 
AB and CO ; these two lines are parallel. 

If the line AB be not parallel to the line CO, another line, 
as NH, may be drawn through the point F, parallel to the line 
CO. But this is impossible; for if the line NH were parallel to the line CO, the line 
FG making right angles with CD would also (Prop. 13.) make right angles with NH; 
which cannot be, because, by supposition, it makes right angl^ with AB. 

890. Prop. XV. The opposite sides of a rectangle are parallel. 

In the rectangle ABCO (Jig. 249.) the side BC is parallel to 

the side AD, and the side AB parallel to the side DC. Produce 
each of the sides both ways. 

Ibe hue AB is perpemUcular to the two lines BC, AD; the 
two lines BC, AO are therefore (Prop. 14.) parallel. In like 
manner, the line AO is perpendicular to the two lin^ AB, DC ; 
the two lines AB, DC are therefore (Prop. 14.) parallel. 

891. Prop. XVI. 7%e opposite sides of a rectangle are equal. 

In the rectangle ABCO (see fig. 249.) the side AB is equal 

to the side DC, and the side BC equal to the side AD. For, since the side BC is parallel 
to the side AD, the perpendiculars AB, DC are (Oefin. 12.) equal; and since the side 
AB is parallel to the side DC, the perpendiculars BC, AD are equal. 

892. Prop. XVII. A right tins falling upon parallel lines mahes the aUemate angles 
equal. 

Ijet the line FG (fig. 250.) cut the parallels AB, GO ; the angles AFG, FGD, which 
are called oitemate angles, are equal. From Bie point G draw GL perpendicular to the 
line AB, and from the point F draw FM perpendicular to the line GO. 

iSnce the line GL is perpendicular to AB, it is also (Prop. 13.) perpendicular to the 


A 

f H 


H 

C 

o 

4^ 


Fig. 248. 



Pig. 249. 



Chaf. I. 


GEOMBTRY. 


311 




parallel line AB. Whence tiie quadrilateral figure GLFM is a rectangle, its four angles 
being right angles. 

In the triangles GLF, FMG the sides LF, GM are equal, because they are opposite 
sides of the same rectangle; the sides LG, 

FM are equal for the same reason ; and the 
side FG is common. The two triangles 
GLF, FMG have then the three sides equal, 
and consequently (Prop. 5.) are identical 
Wherefore the angle LFG opposite to the 
side LG is equal to the angle FGM oppo> 
site to the side FM. 

Remark. In identical triangles the equal Fig. sso. Fig.isi. 

angles are always opposite to equal sides, as by this proposition appears. 

893. Prof. XVIII. ^ one right line fatting upon two Uhers makes Ae aUemate cables 
equal, these two lines are parallel. 

ILet the alternate angles AFG, FGD (^Jig. 251.) be equal; the lines AB, GD are 
parallel. 

If the line AB is not parallel to the line GD, another line, as NH, may be drawn 
through the point F parallel to GD. But this is impossible; for if the line NH were 
parallel to the line GD, the angle FGD would be (Prop. 17.) equal to the angles NFG, 
since these two angles would be alternate angles between two 
parallel lines ; which cannot be, because, by supposition, the angle 
FGD is equal to the angle AFG. 

894. Prop. XIX. If one right line falls upon two parallel right 

lines, it makes the interior angle equal to the exterior. 

Let the line FG 252.) meet the parallel lines BA, DC, 
the interior angle r b equal to the exterior angle z. Produce 
the lines BA, DC. 

The angle r (Prop. 17.) is equal to the angle s, because these 
are alternate angles, made by a right line fidling upon two 
parallel lines, and the angles s and z are (Prop. 12.) equal, be* 
cause they are rertical or opposite angles ; therefore the angle r is equal to the angle x, 

895. Prop. XX. If one right line falling upon two other right lines makes the internal 
angle equal to the external, those two lines are parallel. 

Let the internal angle r (^y. 253.) be equal to the external 
angle z, the lines BA, DC are parallel. 

The angle r is equal to the angle z by supposition, and the 
angle z (Prop. 12.) is equal to the angle s, because they are 
opposite angles. The alternate angles r, s are therefore equal, 
and consequently (Prop. 18.) the lines BA, DC are parallel. 

896. Prop. XXI. Through a given point to draw a line parallel 

to a given line. / 

L^ G be the point through which it is required to draw a line 
parallel to the given line MF. 

From any point G {fg^ 254.) describe, at pleasure, the arc FN ; from the point F, in 
which the arc FN cuts the line MF, with the distance GF describe the arc GM meeting 

the line MF in M ; then make FL 

equal to GM, and draw the line GL ; M f / 

this line is parallel to the line MF. 

Draw the line GF. 

The arcs GM, FL are equal by 
construction ; therefore the alternate 
angles r, s, which are measured by 
these arcs (Defin. 9.), are equal; and 
consequently (Prop. 18.) the lines 
GL, MF are parallel. 

897. Prop. XXII. The three angles of a triangle taken together are equal to two right 


Rff. 852. 



Fig. 253. 



Fig. 254. 


angles. 

In the triangle B AC {fig. 255.), the three angles B, A, C are together equal to two right 
angles. 

Produce the side BC both ways ; through the point A draw a line FG parallel to BC ; 
and from the point A, as a centre, describe any circumference LMN. 

The angle B (Prop. 17.) is equal to the angle x, because these are alternate angles made 
by a right line falling upon two paiallel lines. For the same reason the angle C is equal 
to the angle y. 

Because LAN is a diameter, the arc LMN is half the circumference; therefore the 
thr^ angles x. A, y, which are measured by this arc, are together equal to two ri^ht angles. 
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Triangles which have two angles and the side which lies between them 


But the nngU ^ is equal to the alternate angle B, and the angle y to the alternate 
angle C. 

. Therefore, substituting B for x, and C for y, the three angles B, A, C are together equal 
to two right angles. 

Corollary. Hence, if two angles of any triangle be known, the third is also found ; 
since the third angle is that which the other two taken together wants of two right 
angles. 

898. Prop. XXIII. If two triangles have two angles equal, they haxe also the third angle 
equaL 

In the two triangles BAC, FOG 256.), if the angle B is 
equal to the ^gle F, and the angle A equal to the angle D, the 
angle C viH also be equal to the angle G. 

Since the angle C (CoroL to Prop. 22.) is that which the angles 
B and A together want of two right angles ; and since the angle 
G is that which F and D together want of two right angles ; the 
angles R and A being equal to the angles F and D, the angle C 
must be equal to the angle G. 

899. Prop. XXIV. The exterior angle of any triangle is equal to the two interior and 
opposite angles taken together. 

In the triangle BAC (,fig. 257.) produce one of the sides BC ; 
the angle ACD, which is called exterior, is equal to the two 
interior and opposite angles B and A taken together. 

The line AC meeting the line BD forms with it two angles, 
which are together (Prop. 10.) equal to two right angles; the 
angle ACB is therefore that which the angle ACD wants of 
two right angles. But the angle ACB is (Corel, to Prop. 22.) 
also that which the angles B and A together want of two right 
angles. Wherefore the angle ACD is equal to the two angles 
B and A taken together. 

900. Prop. XXV, “ 
equal are identical. 

In the two triangles BAC, FDG {Jig> 258.), if the angle F is equal to the angle B, the 
angle G equal to the angle C, and the side FG equal to the side ^ q 

6C, these two triangles arc identical. 

Conceive the triangle FDG placed upon the triangle BAC in 
such a manner that the side FG shall fall exactly upon the equal 
side BC. Since the angle F is equal to the angle B, the side FD 
must fall upon the side BA ; and since the angle G is equal to 
the angle C, the side GD must fall upon the side CA. Thus the 
three sides of the triangle FDG will be exactly placed upon the 
three sides of the triangle BAC; and consequently the two tri- 
angles (Prop. 5.) are identical. 

901. Prop. XXVI. If two angles of a triangle are equal, the sides opposite to those 
angles are also equal. 

Conceive the angle A (^y. 259. ) to be bisected by the line 
AD. 

In the triangles BAD, DAC the angle B is equal to the 
angle C by supposition, and the angles at A are also equal. 

Tbese two triangles have their two angles equal ; the third angle 
will therefore (P^p. 23.) be equal ; whence the angles at D are 
equal. Moreover, the side AD is common to the two triangles. 

These two triangles, therefore, having two angles and the side 
which lies between them equal, are (Prop. 25.) identical, 
to the side AC. 

902. Propt XXVII. The opposite sides of a paralfitogram are equal. 

In the parallelogram ABCD {_fig. 260.), the side AB is equal 

to the side DC, and the side BC equal to the side AD. 

Draw the line BD, which is called the diagonal. 

Because BC is parallel to AD, the alternate angles m and n 
are equal. In like manner, because AB is parallel to DC, the 
^ternate angles r and s are equal. Also, the side BD is common 
to the two triangles BAD, BCD. These two triangles have then 
^wo angles and the side which lies between them equal, and 
are therefore (Prop. 3.) identical. Wherefore the side AB op- 
posite to the angle n is (Prop. 26.) equal to the side DC opporite to the angle m ; 
and the side BC opposite to the angle s is equal to the side AD opposite to the etpial 
angle r. 




D 
Fig. 
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CoKOLLART. Hencc, the diagonal bisects the parallelogram; for the triangles BAD, 
BCD, having the three sides equal, are identical. 

903. Prop. XXVIII. ParaUelograma which are between the same parallels, and have the 
same base, are equal. 

Let the two parallelograms ABCD, AFGD 261.), be between the same parallels 
BG, AM, and upon the same base AD; the space enclosed 
within the parallelogram ABCD is equal to the space en- 
closed within the parallelogram AFGD. 

In the two triangles BAF, CDG the side BA of the former 
triangle is equal to the side CD of the latter, because they are 
opposite sides of the same parallelogram. For the same reason, 
the side FA is equal to the side GD. Moreover, BC is equal to 
AD, because they are opposite sides of the same parallelogram. 

For the same reason, AD is equal to FG. BC is therefore 
equal to FG. If to both these CF be added, BF will be equal to CG. Whence the 
two triangles BAF, CDG, having the three sides equal, are (Prop. 5.) identical, and con- 
sequently have equal sur&ces. 

If from these two equal surfaces be taken the small triangle CLF, which is common, 
there will remain the trapezium ABCL, equal to the trapezium LFGD. To th^e two 
trapezia add the triangle ALD, and the parallelogram ABCD will be equal to. the paral- 
lelogram AFGD. 

904. Prop. XXIX. If a triangle and a parallelogram are upon the same base, and 
between the same parallels, the triangle is equal to half the paraU 
lelogram. 

Let the parallelogram ABCD (iJig. 262.) and the triangle 
AFD be upon the same base AD, and between the same pa- 
rallels BG, AL; the triangle AFD is half the parallelogram 
ABCD. Draw DG parallel to AF. 

Because the parallelogram A F G D is bisected by the diagonal 
FD (Prop. 27. Corol,), the triangle AFD is half the paral- 
lelogram AFGD. But the parallelogram AFGD is equal to 
the parallelogram ABCD, because these two parallelograms are upon the same base, and 
between the same parallels; therefore the triangle AFD is equal to half the parallelogram 
ABCD. 

905. Prop. XXX. Parallelograms which are between the same parallels, and have equal 
bases, are equal. 

Let the two parallelograms ABCD, LFGM (^fg. 263.) be 
between the same parallels BG, AM, and have the equal bases 
AD, LM ; these two parallelograms are equal. 

Draw the lines AF, DG. 

Because AD is equal to LM, and LM to FG, AD is equal 
to FG; and they are parallel by construction. Also AF and 
DG are parallel; for if DG be not parallel to AF, another 
line may be drawn parallel to it; whence FG will become 
greater or less than AD. AF and AG are therefore parallel, and AFGD a parallelo- 
gram. 

Now the parallelogram ABCD is (Prop. 28.) equal to the parallelogram AFGD, 
because these two parallelograms are between the same parallels, and have the same base 
AD. And the parallelogram AFGD is equal to the parallelogram LFGM, because these 
two parallelograms are between the same parallels, and have the same base FG. The 
parallelogram ABCD is therefore equal to the parallelogram LFGM. 

906. Prop. XXXI. Triangles which are between the same parallels, and have equal bases, 
are equal. 

Let the two triangles ABD, LFM (see Jig. to preceding Proposition) be between the same 
parallels BG, AM, and upon the equal bases AD, LM ; these two triangles are equal. 

Draw DC parallel to AB, and MG parallel to LF. 

The two parallelograms ABCD, LFGM are equal (Prop. 30.), because they are between 
the same parallels, and have equal bases. But the triangle ABD is (Prop. 29.) one half of 
the parallelogram ABCD, and the triangle LFM is one half of the parallelogram LFGM ; 
these two triangles are therefore equal. 

907. *Prop. XXXII. In a right-angled triangle, the square of the hypothenuse, or side 
subtending the right angle, is equal to the squares of the sides which contain the right 
angle. 

In the triangle BAG {fig. 264.), let the angle A be a right angle. Upon the hypo- 
thenuse BC describe the square BDFC; upon the side AB describe the square ALMB, 
and upon the side AC the square ARNC; Uie square BDFC is equal to the two squares 
ALMB. ARNC taken together. 


B C PC. 
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Draw the right lines MC, AD, and draw AG parallel 
to BD. 

Because the square or parallelogram MLAB and the 
triangle MCB are between the same parallels LC, MB, and 
hare the s^ne base MB, the triangle MCB is (Prop. 29.) 
equal to half the square ALMB. 

Again, because the rectangle or parallelogram DGPB 
and the triangle DAB are between the same parallels GA 
and DB, and have the same base DB, the triangle DAB is 
(Prop. 29.) equal to half the rectangle DGBP. 

Further, since the side MB of the triangle MBC and the 
side AB of the triangle ABD are sides of the same square, 
they are (Defin. 17.) equal. Also, since the side BC of the 
first triangle and the side BD of the second triangle are sides of the same square, they are 
equal. And because the angle MBC of the first triangle is composed of a right angle and 
the angle x, and the angle ABD of the second triangle is composed of a right angle and 
the same angle x, therefore these two angles, contained between the equal sides MB, BC 
and AB, BD, are equal. Wherefore the two triangles MBC, ABD, having two sides and 
the contained angle equal, are (Prop. 3.) identical, and consequently equal. 

But the triangle MBC is half the square MLAB, and the triangle ABD is half the 
rectangle BDGP ; the square and the rectangle are therefore equal. 

In the same manner it may be demonstrated that the square ARNC and the rectangle 
CFGP are equal. Wherefore it follows that the whole square BDFC is equal to the two 
squares MLAB, ARNC taken together. 


L 



908. DEFiKiTioys. — 1. A right line Prop. 33. AB) terminated both ways by the 
circumference of a circle is called a chord. 

2. A line Prop. 39. AB) which meets the circumference in one point only is called 

a tangent ; and the point T is called the paint of contact 

3. An angle {fg. Prop. 33. ABD) which has its vertex in the circumference of a circle 

is called an angle in the circle. 

4. A part of a circle confined between two radii ( fig. Prop. 34. A CBF A) is called a eector. 

5. A part of a circle {Jig, Prop. 35. AGBDA) terminated by a chord is called a icpmcnt 

of a circle. 

909. Prop, XXXIII. To draw the circumference of a circle through three given points. 
Let there be three given points, A, B, D {Jig. 265.), through which it 

is required to draw the circumference of a circle. Draw the right 
lines AB, BD, and bisect them : from the points of the division F, G, 
raise the perpendiculars BC, GC ; and at the point C with the radius 
CA describe the circumference of a circle ; this circumference will pass 
through the points B and D. Draw the lines CA, CB, CD. 

In the triangles CFA, CFB the side FA is equal to the side FB 
by construction, the side FC is common, and the two angles at F are 
right angles. These two triangles, then, have two sides and the angle 



Consequently the side 
Wherefore the side 


contained by them equal ; they are therefore (Prop, 3.) identical. 

CB is equal to the side CA. 

For the same reason, the triangles CGB, CGD are also identical 
CD is equal to the side CB, and consequently equal to CA. 

And since the right lines CB, CD are equal to the right line CA, it is manifest (Prop 1 ) 
that the circumference which passes through the point A must also pass through the 
point D. ® 

910. Prop. XXXIV. If a radius Insect a chord, it is perpendicular to that chord. 

If the radius CF {fg. 266.) bisect the chord AB, the angles 
CD A, CDB are right angles. Ih^w the radii CA, CB. 

In the triangles CDA, CDB the sides CA, CB, being radii, are equal 
(Prop. 1.), the sides AD, DB are equal by supposition, and the side 
CD is common. These two triangles, having the three sides equal, are 
therefore (Prop. 5.) identical. Wherefore the angles CDA, CDB are 
equal, and consequently (Prop. 1 0.) are right angles. 

Corollary. The two angles at C are also (Prop. 5.) equal. 

Hence it appears, that any angle ACB may be bisected by describing 
from its vertex C as the centre with any radius A C an arc AFB ; b^ect* 
ing the chord of that arc AB ; and then drawing from the point of division D the right line 
CD ; for it may then be shown, as in the proposition, that the triangles ACD, DCB are 
identical, and consequently the angles at C equal. 
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911. Prop. XXXV. To Jirnd tke centre of a circle. 

Let the circle of which it is required to find the centre he AGBF. 
(j^^. 267.) ; bisect it, and firom the point of dipi-* g 


sion D raise a perpendicular F G : this line will 
pass through the centre, and con^quently, if it 
be bisected, the point of division will be the 
centre. 

If the centre of the circle be not in the line 
FG, it must be somewhere out of it; for in> 
stance, at the point L. But this is impossible, 
for if the point L were the centre, the right line 
LM would be a radius ; and since this line bisects 



rig. 267. 


Draw any chord AB 



B D 
Fig. 268. 


the chord AB, it is (Prop. 34.) perpendicular to AB ; which cannot be, since CD is pcr> 


pendicula^to AB. 


912. Prop. XXXVI. To find the centre of an arc of a circle. 

Let ABDF be the arc of which it is required to find the centre. Draw any two chords 
AB, DF 268) ; bisect them, and from the points of divisi<Mi raise the perpendiculars 
MC, LC ; the point C, in which these two perpendiculars cut each other, is the centre 


of the arc. 


For (Prop. 35.) the perpendicular MC and the perpendicular LC both pass through 
the centre of the same circle ; this centre must therefore be the point C, which is the cmly 
point common to the two perpendiculars. 

913. Prop. XXXVII. If three equal lines meetin the same point within a circle, and core 
terminated, they are radii of that circle. 

The lines CA, CB, CD 269.), drawn from the same point 
C within a circle, and terminated by it, being equal, the point C 
is the centre of the circle. Draw the lines AB, BD ; bisect them, 
and let the points of division be F, G; and draw the lines CF, 

CG. 

In the triangles CFA, CFB, the sides CA, CB are equal by 
supposition, the sides FA, FB are equal by construction, and 
the side CF is common. These two triangles, then, have the pig.sss. 

three sides equal ; they are therefore (Prop. 5.) identical. Wherefore the two angles at 
F are equal, and the line FC (Defin. 11.) is perpendicular to the chord AB. And since 
this perpendicular bisects the chord AB, it must (Prop. 35.) pass through the centre c^the 
circle. In like manner, it may be demonstrated that the line GC also passes through the 
centre. Wherefore the point C is the centre of the circle, and CA, CB, CD are radii. 

914. Prop. XXXVIII. If the radius of a circle be perpendicular to a chord, the radius 
bisects both the chord and the arc of the chord. 

Let the radius CF be perpendicular to the chord AB {fig. 270.); the right line AD is 
equal to the right line DB, and the arc AF equal to the arc FB. 

Draw the right lines CA, CB. 

In the large triangle ACB, the side CA (Prop. 1.) is equal to 
the side CB, because they are radii of the same circle. The angle 
A is (Prop. 4.) therefore equal to the angle B. The angles at D are 
right angles, and therefore equal ; and the angles at C are conse> 
quently (Prop. 23.) equal. Also the side CA is equal to the side 
CB, and the side CD is common. These two triangles, then, having 
two sides and the angle contained by them equal, are (Prop. 3 .) Fig. 270. 

identical, whence the side AD is equal to the side DB. Again, since the angles ACF, 
BCF are equal, the arcs AB, BF, which measure these angles, are also equal. The chord 
AB and the arc AFB are therefore bisected by the radius CF. 

915. Prop. XXXIX. A right line perpendicular to tke extremity of a radius is a tangent 
to the circle. 

Let the line AB {fig. 271.) pass through the extremity of the 
radius CT in such a manner that the angles CTA, CTB shall be 
right angles ; this line AB touches the circumference in only one 
point T. If AB touch the circumference in any other point, let 
it be D, and draw the line CD. 

In the right-angled triangle CTD the square of the hypothe- 
nuse CD is equal to the two squares of CT and TD taken together. 

The square of CD is therefore greater than the square of CT, and 
consequently the line CD is greater than the line CT, which is a 
radius. Therefore the point D is out of the circumference. And in like manner it may be 
shown that every point in the line AB is out of the circumference, except T ; AB is there- 
fore a tangent to the circle. 

C 0 R 01 . 1 .ARY. It follows, therefore, that a perpendicular is the shortest line that can be 
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Fig. 273. 


drawn firom any point to a given line ; since the perpendicular CT is shorter than any other 
line which can be drawn from the point C to the line AB. 

916. Pkop. XL. If a right line he drawn touching a circumference^ a radius drawn to the 
point of contact wiU be perpendictdar to the tangent. 

Let the line AB (^fg. 272.) touch the circumference of a circle 
in a point T, the radius CT is perpendicular to the tangent AB. 

For all other lines drawn from the point C to the line A B must 
pass out of the circle to arrive at this line. The line CT is there- 
fore the shortest which can be drawn from the point C to the line 
AB, and consequently (Corol. to Prop. 39.) is perpendicular to the 
line AB. 

91 7. Prop. XLI. The angle formed by a tangent and chord is 
measured by half the arc of that chord. 

Let BTA (^fig. 273.) be a tangent and TD a chord drawn from the point of cpntact T; 
the angle ATD is measured by half the arc TFD, and the angle BTD is measured by 
half the arc TGD. Draw the radius CT to the point of contact, ” 
and the radius CF perpendicular to the chord TD. 

The radius CF being perpendicular to the chord TD (Prop. 38.) 
bisects the arc TFD. TF is therefore half the arc TFD. 

In the triangle CML the angle M being a right angle, the two 
remaining angl^are (Prop- 22.) equal to a right angle. Where- 
fore the angle C is that which the angle L wants of a right angle. 

On the other side, since the radius CT is perpendicular to the tan- 
gent BA, the angle ATD is also that which the angle L wants 
of a right angle. The angle ATD is therefore equal to the angle C. But the angle C is 
measured by the arc TF, consequently the angle ATD is also measured by the arc TF, 
which is half of TFD. The angle BTD must therefore be measured by half the arc TGD, 
since these two halves of arcs make up half the circumference. b 

918. Prop. XLII. An angle at the circumference of a circle is 
measured by half the arc by which it is subtended. 

Let CTD {fig. 274.) be the angle at the circumference; it 
has for its measure hdf the arc CFD by which it is sub- 
tended. 

Suppose a tangent passing through the point T. 

The three angles at T are measured by half the circumference 
(Prop. 22.), but the angle ATD is measured (Prop. 41.) by half 
the arc TD, and the angle BTC by half the arc TC ; conse- 
quently the angle CTD must be measured by half the arc CFD, since these three halves of 
arcs make up half the circumference. 

919. Prop. XLIII. The angle at the centre of a circle is double of the angle at the cir- 

cumference. D 

Let the angle at the circumference ADB {fig. 275.) and the 
angle at the centre ACB be both subtended by the same arc AB, 
the angle ACB is double of the angle ADB. 

For the angle ACB is measured by the arc AB, and the angle 
ADB is (Prop. 42.) measured by half the same arc AB ; the angle 
ACB is therefore double of the angle ADB. 

920. Prop. XLIV. Upon a given liney to describe a segment tf 
a circle containing a given angle, 

AB {fig. 276.) be the given line and G the given angle, it is required to draw such 
a circumference of a circle through the points A and B that the angle D shall be eq\ial to 
the angle G. 

For this purpose draw the lines AL, BL in such manner 
tfoat the angles A and B shall be equal to the angle G ; at the 
extremities of LA, LB raise the perpendiculars AB, BC; 
and from the point C in which these two perpendiculars cut 
each other, with the radius CA or CB describe the circum- 
ference ADB ; the angle D will be equal to the angle G. 

The angle LAB, formed by the tangent AL and the chord 
AB, is (Prop. 41.) measured by half the arc AFB ; and the 
angle D at the circumference is also measured (Prop. 42.) by 
half the arc AFB ; the angle D is therefore equal to the angle 
LAB. But the angle LAB is made equal to the angle G ; the angle D is therefore equal 
to the angle G. 

921. Prop. XLV. In every triangle the greater side is opposite to the greater angky and 
the greater angle to the greater side. 

In the triangle ABC {fig. 277.), if the side AB be greater than the side AC, the angle 
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Draw 



Draw the right line TA. 


C opposite to the side AB will be greater than the angle B opposite to the ride AC. 
Draw the circumference of a circle through the three points A, 

C. B. 

Since the chord AB is greater than the chord AC, it is manifest 
that the arc ADB is greater than the arc AFC; and consequently 
the angle at the circumference C, which is measured (Prop. 42.) 
by half the arc ADB, is greater than the angle at the circumference 
B, which is measured by half the arc AFC. 

Again, if the angle C is greater than the angle B, the side AB 
opposite to the angle C will be greater than the side AC opposite 
to the angle B. 

The angle C is measured (Prop. 42.) by half the arc ADB, and the angle B by half the 
arc AFC. But the angle C is greater than the angle B ; the arc ADB is therefore greater 
than the arc AFC, and consequently the chord AB is greater than the chord AC. 

922. Prop. XLVI. Two parallel chords intercept equal arcs. 

If the two chords AB, CD (^Jig. 278.) are parallel, the arcs AC, BD are equal, 
the right line BC. 

Because the lines AB, CD are parallel, the 
alternate angles ABC, BCD are (Prop. 17.) 
equal. But the angle at the circumference 
BCD is measured (Prop. 42.) by half the 
arc AC ; and the angle at the circumference 
BCD is measured by half the arc BD ; the 
arcs AC, BD are therefore equal. 

923- Prop. XLVII. If a tangent and chord 
he parcjlel to each other, they intercept equal arcs. 

Let the tangent FG (Jig. 279.) be parallel 
to the chord AB ; the arc TA wUl be equal to the arc TB. ^ 

Because the lines FG, AB are parallel, the alternate angles FTA, TAB are (Prop. 17.) 
equal. But the angle FTA, formed by a tangent and a chord, is measured (Prop. 41.) by 
half the arc TA, and the angle at the circumference TAB is measured (Prop. 42.) by half 
the arc TB. The halves of the arcs TA, TB, and consequently the arcs themselves, are 
therefore equal. 

924. Prop. XLVIII. The angle formed by the intersection of two chords is measured by 
half the two arcs intercepted by the two chords. 

Let the two chords AB, DF (Jig. 280.) cut each other at the point C, the angle FCB 
or ACD is measured by half the two arcs FB, AD. Draw AG 
parallel to DF. 

Because the lines AG, DF are parallel, the interior and exterior 
angles GAB, FCB are (Prop. 19.) equal. But the angle at the 
circumference GAB is measured (Prop. 42.) by half the arc 
GFB. The angle FCB is therefore also measured by half the arc 
GFB. 

Because the chords AG, DF are parallel, the arcs GF, AD are 
(Prop. 46.) equal: AD may therefore be substituted in the room 
of GF; wherefore the angle FCB is measured by half the arcs AD, FB. 

925. Prop. XLIX. The angle formed by two secants is measured by half the difference of 
the two intercepted arcs. 

Let the angle CAB (fig. 281.) be formed by the two secants AC, AB, this angle is 
measured by half the difference of the two arcs GD, CB, inter- 
cepted by the two secants. Draw DF parallel to AC. 

Because the lines AC, DF are parallel, the interior and exterior 
angles CAB, FDB are (Prop. 1 9.) equal. But the angle FDB is 
measured (Prop. 42.) by half the arc FB ; the angle GAB is 
therefore also measur^ by half the arc FB. 

Because the chords GC, DF are parallel, the arcs GD, CF are 
(Prop. 46.) equal; the arc FB is therefore the difference of the 
arc GD and the arc CFB. Where the angle A has for its mea- 
sure half the difference of the arcs GD, CFB. 

926. Prop. L. The angle formed by two tangents is measured by half the difference of thi 
two intercepted arcs. 

Let the angle CAB (fig. 282.) be formed by the two tangents AC, AB ; this angle is 
measured by half the difference of the two arcs GLD, GFD. Draw DF parallel to AC. 

Because the lines AC, DF are parallel, the interior and exterior angles CAB, FDB are 
(Prop. 19.) equal. But the angle FDB, formed by the tangent DB and the chord DF, is 
measured (Prop. 41.) by half the arc FD. Therefore the angle CAB is also measured by 
half the axe FD 
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Because the tfuigest AC and the 
chord DF are pa^lel, the inter- 
cepted arcs GF GD are (Prop. 

47.) equal. The arc FD is there- 
fore the difference between the arc 
GLIIandtbe arc GFD. There- 
fore the angle CAB, which is mea- 
sured by half the arc FD, is also 
measured by half the difference of 
the arcs GLD, GFD. 

Corollary. In the same way it may be demonstrated that the angle formed by a tangent 
ATC 283.) and a secant ADB is measured by half the difference of the two inter- 
cepted arcs. 

927. Prop. LI. To raise a perpendicular at the extremity of a given line. 

At the extremity A 284.) of the given line AB let it be required to raise a per- 
pendicular. 

From any point C taken above the line AB describe a circum- 
ference passing through the point A and cutting the line A B in any j 
other point, as G. Draw the diameter DG and the right line AD ; 
this line AD will be perpendicular to the line AB. \ 

The angle DAG at the circumference is measured (Prop. 42.) by 
half the arc DFG, which is half the circumforence, because DCG is 
a diameter. The angle DAG is therefore measured by one fourth vig.284. 

part of the circximference, and consequently (Defin. 10.) is a right angle, whence the line 
AD is (Prop. 1 1.) perpendicular to the line AB. 

CoROLKART. Hence it follows that the angle at the circumference which is subtended 
by a diameter must be a right angle. 

928. Prop. LII. From any point without a eirdt to draw 
a tangent to that eirde. 

From the point A {Jig. 285.) let it be required to draw a 
tangent to the circle DTB. 

Draw from the centre C any right line CA ; bisect this 
right line, and from the point of division B, as a centre, de- 
scribe the arc CTA. L^tly, from the point A, and through 
the point T, in which the two arcs cut each other, draw the 
right line AT ; this right line AT will be a tangent to the 
circle DTB. Draw the radius CT, 

The angle CTA at the circumference, being subtended by 
the diameter CA, is (Corol. to Prop. 51.) a right angle; therefore the line TA is perpendi- 
cular to the extremity of the radius and consequently (Prop. 40.) is a tangent to the 
circle DTB. 




SURFACES. 


929. Definitions. — 1. A mathemeitical point has neither length, breadth, nor thickness. 
Tike physical point, now for consideration, has a supposed length and breadth exceed- 
ingly small. 

2. A physieal line is a series of physical points, and consequently its br^dth is equal to 

that of the phyrical points whereof it is composed. 

3. I%n<% physical lines are composed of points, as numbers are composed of units, points 

may be called the units of lines. 

4. As to multiply one number by another is to take or repeat the first number as many 

times as there are units in the second ; so to multiply one line hy another is to take or 
repeat the first line as many times as there are units, that is, physical points, in the 


^ f* b b b h h b h C 


second. 

930. Prof. LIII. The eurfaee of a rectangle is equal to the 
product of its two sides. 

Let the rectangle be ABCD (fig. 286.). If the physical 
line AB be multiplied by the physical line AD, the pro- 
duct will be the surfiice ABCD. 

If as many physical lines equal to AB as there are 
physical points in the line AD be raised perpendicularly 
upon AD, these lines AB, ah, &e. will fill up the whole 
surfoce of the rectangle ABCD- Wherefore the surface 
ABCD is equal to the line A B taken as many times as there are physical points in the line 
AD ; that is, (Defin. 4.) equal to the line AB multiplied by the line AD. 

931. Prop. LIV. The surface of a triangle is equal to half the product of its altitude and hose. 

If from the vertex of any angle A {fig» 287.) of the triangle BAG be drawn AD, per- 
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peo^cuiar to the opposite side BC, this perpendicular is called the luighty and the side BC 
the haie of the triangle. Now the surface of the triangle is 
equal to half the product of the height AD and the base BC. 

Produce BC both ways; through the point A draw FG 
parallel to BC, and raise the two perpendiculars BF, CG. 

B^^ause the rectangle BFGC and the triangle BAC are 
between the same parallels, and have the same bases, the tri- 
angle is (Prop. 29.) half the rectangle. But the surface of 
the rectangle is equal (Prop. 53.) to the product of BF and 
BC. Wherefore the surface of the triangle is equal to half the 
product of BF and BC, that is, of DA and CC. 

932. Paop. LV. To measure the surface of any rectilineal figure. 

Let ABCDFA (^.288.) be the rectilineal figure, whereof it is required to find the 
sur&ce. c. 

Divide the whole figure into triangles by drawing the lines 
CA, CF. Then, drawing a perpendicular from the point B 
to the side CA, multiply these two lines ; the half of their pro- 
duct will (Prop. 54.) give the surface of the triangle ABC. 

In the same manner let the surfaces of the remaining triangles 
ACF, FCD be found. These three surfaces added together 
will give the whole surface of the figure ABCDFA. 

933. Prop, L VI. The area of a circle is equal to half the pro^ 
duct of its radius and circumference. 

If the radius of the circle C (^p. 289.) be multiplied by 
its circumference, the half of the product will give the surface of the circle. 

Two physical points being manifestly not sufficient to make a curve line, this must re- 
quire at least three. If, therefore, all the physical points of a circumference be taken two 
by two, these will compose a great number of small right lines. From 
the extremities L, M of one of these small right lines if two radii LC 
MC be drawn, a small triangle LCM will be formed, the surface of 
which will be equal to half the product of its height ; that is, the radius 
and its base. 

To find the surfiice of all the small triangles whereof the circle is com- 
posed, multiply the height, that is, the radius, by all the bases, that is, by 
the circumference, and take the half of the product ; whence the area or 
surface of the circle will be equal to half the product of the radius and 
circumference. 

934. Prop. LVII. To draw a triangle equal to a given circle, 

X<et it be required to form a triangle the surface of which shall be equal to that of the 
circle AGFDA (^fig, 290.). 

At the extremity of any ra- 
dius CA of the circle, raise a 
perpendicular AB equal to the 
circumferem^e AGFr),aDd draw 
the right line CB. The sur- 
face of the triangle BCA will 
be equal to that of the circle 
AGFDA. Fig. 890. 

The sur&ce of the circle is equal (Prop. 56.) to half the product of the radius CA and 
the circumference, or the line AB. The surface of the triangle is also equal (Prop. 54.) 
to half the product of its height CA, or radius, and its base BA, or circumference. There- 
fijre the surface of the triangle is equal to that of the circle. 




PROPORTION. 

935. Dxfinitions. — 1. The ratio of one quantity to another is the number of times which 
the first contains the second ; thus the ratio of 12 to 3 is four, because 12 <N>ntains 
3 four times ; or, more universally, ratio is the comparative magnitude of one quan- 
tity with respect to another. 

2. Four quantities are proportional^ or in geometrical proportion., or two quantities are said 
to have the same ratio with two others, when the first contains or is contained in the 
second, exactly the same number of times which the third contains or is contained in 
the fourth ; thus, the four numbers 6, 3, 8, 4 are proportionals, because 6 contains 3 as 
many times as 8 contains 4, and S is contained in 6 as many times as 4 is contained in 
8, that is, twice ; which is thus expressed : 6 is to 3 as 8 to 4 ; or 3 is to 6 as 4 to 8. 

936. Prop. LVIII. Parallelograms which are between the same parallels are to one an* 
other as their bases. 
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Xiet tibe two parallelc^rams ABCD, FGLM 291.) be between the same parallels 
Bli, AM, the surface of the parallelogram ABCD contains 
the surface of the parallelogram FGLM as many times 
exactly as the base AD contains the base FM. Sup« 
pose, for example, that the base AD is triple of the base 
FM ; in this case the surface ABCD will also be triple 
of the surface FGLM. 

IMvide the base AD into three parts, each of which is 
equal to the base FM, and draw from the points of divi- 
sion the lines NP, KS parallel to the side AB. 

The parallelograms ABPN, FGLM being between the same parallels and having equal 
bases, the parallelogram ABPN is (Prop. 30.) equal to the parallelogram FGLM. For 
the same reason, the parallelograms NPSR, RSCD are also equal to the parallelogram 
FGLM. The parallelogram ABCD is therefore composed of three parallelograms, each 
of which is equal to the parallelogram FGLM. Consequently the parallelogram ABCD 
is triple of the parallelogram FGLM. 

937. Prop. LIX. TViangles which are between the same parallels are to one another as 
their bases. 

Let the two tiiangles ABC, DFG {Jig. 292.) be between the same parallels LF, AG, the 
surfoce of the t riang le ABC contains the surfoce of the 
triangle DFG as many times as the base AC contains the 
base DG. Suppose, for example, that the base AC is triple 
of the base DG, in this case the surfiice ABC will be triple 
of the surfoce DFG, 

Divide the base AC into three equal parts, AN, NR, 

RC, each of which is equal to the base DG, and draw the 
right linra BN, BR, 

The triangles ABN, DFG being between the same parallels and having equal bases, the 
triangle ABN is (Prop. 31.) equal to the triangle DFG. For the same reason, the 
triangles NBR, RBC are each equal to the triangle DFG. The triangle ABC is there- 
fore composed of three triangles, each of which is equal to the triangle DFG. Wherefore 
the triangle ABC is triple of the triangle DFG. 

938. Prop. LX. If a line be drawn in a triangle parallel to one of its sides, it wiU cut the 
other two sides proportionally. 

In the triangle BAC {Jig. 293.), if the line DF be parallel to the side BC, it will cut the 
other two sides in such manner that the segment AD will be to the 
segment DB as the segment A F is to the segment FC. Suppose, for 
instance, the segment AD to be triple of the segment DB, the seg- 
ment AF will be triple of the segment FC. Draw the diagonals 
DC, FB. 

The triangles AFD, DFB are between the same parallels, as will 
be easily conceived by supposing a line drawn through the point F 
parallel to the side AB. These two triangles are therefore to one 
another (Prop. 59.) as their bases; and since the base AD is triple 
of the base DB, the triangle AFD will be triple of the triangle 
DFB. 

A gain, the triangles BFD, FDC are between the same parallels DF, BC, and upon the 
same base DF. 'Ihese two triangles are therefore (Prop. 31.) equal; and since the 
trian^e AFD is triple of the triangle DFB, it will also be triple of the triangle FDC. 

Lastly, the triangles ADF, FDC are between the same parallels, as will be easily con- 
ceived by supposing a line drawn through the point D parallel to the side AC. These 
two triangle are therefore to one another (Prop. 59.) as their bases ; and since the triangle 
ADF is triple of the triangle FDC, the base AF will be triple of the base FC. 

939. Prop. LXI. Equiangvlar triangles have their homologous sides proportionaL 

In the two triangles ABC, CDF {fig. 294.), if the angle A be ^ 

equal to the angle C, the angle B equal to the angle D, and 
the angle C equal to the angle F ; the side AC, for example, 
opporite to the angle B is to the side CF <q>pc»ite to the angle D 
as the side AB opposite to the angle C is to the side CD opposite 
^to the angle F. Place the two triangles so that the sides AC, CF 
shall form one right line, and produce the sides AB, FD till they 
meet in G. 

The interior and exterior angles GAF, DCF being equal, the 
lines GA, DC are (Prop. 20.) parallel. In like manner, the ^ter- 
nate angles GFA, BCA on the same sides being equal, the lines GF, BC are (Prop 20 'J 
parallel. Wherefore the quadrilateral figure BGDC is a parallelogram, and consequently 
its opporite sides are equal. In the triangle GAF the line BC, being parallel to the sid^ 
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FG, cuts (Prop. 60.) the other two sides proportionally; that is, AC is to CP as AB is 
to BG, or its equal CD. 

940. Prop. LXII. Triangles the sides of which are proportional are equiangular. 

In the two triangles BAG, FDG {fg. 295.), if the a 

side AB is to the side DF as the side BC is to the side 
FG and as the side AC to the side DG, these two tri- 
angles have their angles equal. 

Eet the side AB be supposed triple of the side DF; 
the side AC must be triple of the side DG, and the side 
BC triple of the side FG. 

If the triangle FDG be not equiangular with the tri- 
angle BAC, another triangle may be formed equiangular 
with it; for example, FLG. But this is impossible; 
for if the two triangles BAC, FLG were equiangular, their sides would be (Prop. 61.) 
proportional; and BC being triple of FG, AB would be triple of LF. But AB is triple 
of DF; whence LF would be equal to DF. For the same reason, LG would be equal 
to DG. Thus, the two triangles FLG, FDG, having their three sides equal, would be 
(Prop. 5.) identical; which is absurd, since their angles are unequal. 

941. Prop. LXIII. Triangles which have an angle in one equal to an angle in the othevy 
and the sides about these angles proportionaly are equiangidar. 

If in the two triangles BAC, NMP (^fig. 296.) the angle A be equal to the angle M, 
and the side AB be to the side MN as the side AC is 
to the side MP, the two triangles are equiangular. a 

If AB be triple of MN, AC must be triple of MP. 

Now, if the angle MNP, for example, is not equal to 
the angle ABC, another angle may be made, as MNU, 
which shall be equal to it. But this is impossible ; for 
the two triangles BAC, NMR, having two angles equal, 
would be equiangular, and consequently (Prop. 61.) 
would have their sides proportional ; wherefore, A B 
being triple of MN, AC would be triple of MR, which 
cannot be, since AC is triple of MP. 

942. Prop. LXIV. A right line which bisects any angle of a triangle divides the side 
opposite to the bisected angle into two segmentSy which are proportional to the two other sides. 

In the triangle BAC, let the angle BAC be bisected by the right line AD, making the 
angle r equal to the angle s. The segment BD is to the. segment P 

DC as the side BA to the side AC. a 

Produce the side BA, and draw CF parallel to DA. / 

The lines DA, CF being parallel, the interior and exterior angles / ' 

r, F are (Prop. 19.) equal, and the alternate angles Sy C are (Prop. 17.) 
also equal. And since the angle r is equal to the angle s, the angle F 
will also be equal to the angle C; and consequently the side AF is 
equal to the side AC. 

In the triangle BFC, the line AD being p^allel to the side FC; 

BD (Prop, 60.) will be to DC as BA is to AF, or its equal AC. B 

943. Prop. LX V. To find a fourth proportional to three given lines. yik. 2‘j7. 

Let the three lines be A, B, C {fig, 298.), it is required to find a fourth line D, such 

that the line A shall be to the line B as the line C is to 

the line D. ® ' 

Form any angle RFG, make F3r equal to the line 
A, MG equal to the line B, and FN equal to the line 
C; draw the right line MN, and through the point G 
draw GL parallel to MN ; NL will be the fourth pro- 
portional required. 

In the triangle FLG the line NM, being parallel to 
the side LG, cuts the other two sides (Prop. 60.) propor- 
tionally. Wherefore FM is to MG as FN is to NL ; that is, A is to B as C is to D 

944. Prop. LXVI. To find a third proportional to two given lines. 

Let the two lines be A, B {fig. 299.), it is required to a - - 

find a third line C, such that the line A shall be to the 
line B as the line B is to the line C. 

Form any angle LFG, make FM equal to the line A, 

MG equal to the line B, and FN equal to the line B ; 
draw the right line MN, and through the point G draw 
GL parallel to MN ; NL will be the third proportional 
required. 

In the triangle FLG the line NM, being parallel to the side LG, cuts the other two 
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ades (Prop. 60.) proportionally. Wherefore FM is to MG as FN is to NL; that is, A 
is to B as B is to C. 

945 . Prop. LXVII. If four lirtes he proportionctl, the rectangle or product of the extremes 
is equal to the rectangle or product of the means. 

Let the line A be to the line B as the line C is to the line D (^fig- 300.) ; the rectangle 
formed by the lines A and D is equal to the rectangles formed 
by the lines B and C 

Let the four lines meet in a common point, forming at that 
point four right angles ; and draw the lines parallel to them to 
complete the rectangles ar, y, z. 

If the line A be triple of the line B, the line C will be triple 
of the line D. 

The rectangles or parallelograms Xy z being between the same 
parallels, are to one another as their bases. Since the base A is triple of the base B, the 
rectangle x is triple of the rectangle z. In like manner, the rectangles or parallelograms 
•y, Zy being between the same parallels, are to one another as their bases ; since the base 
C is triple of the base D, the rectangle y is therefore triple of the rectangle z. Where- 
fore, the rectangle x being triple of the rectangle z, and the rectangle y being triple of the 
same rectangle z, these two rectangles x and y are equal to one another. 

946. Prop. LXVIII. Four lines which have the rectangle or product of the extremes equal 
to the rectangle or product of the means are proportional. 

Let the four lines A, B, C, D (^fig. 301.) be such that the rectangle of A and D is equal 

to the rectangle of B and C, the line A will be to the line B as f 

the line C to the line D. 

Let the four lines meet in a common point, forming at that 
point four right angles, and complete the rectangles x, y, 2 . 

If the line A be triple of the line B, the line C will be triple 
of the line D. 

The rectangles x and 2 , being between the same parallels, 
are to one another as their bases : since the base A is triple of 
the base B, the rectangle x will be therefore triple of the rectangle z. And the rectangle 
y is, by supposition, equal to the rectangle x ; the rectangle y is therefore also triple of 
the rectangle z. 

But the rectangles y, z, being between the same parallels, are to one another as their 
bases. Hence, since the rectangle y is triple of the rectangle 2 , the base C is also triple of 
the base D. 

947 . Prop. LXIX. If four lines he proportional, they are also proportional alternately. 

If the line A is to the line B as the line C to the line D (^jig. 302.), ^ 

they will be in proportion alternately; that is, the line A will be to the ' ” ‘ 

line C as the line B to the line D. ® 

Because the line A is to the line B as the line C is to the line D, ^ 

the rectangle of the extremes A and D is equal to the rectangle of the d 

means B and C j whence it follows (Prop. 68.) that the line A is to the Pig.soa 
line C as the line B is to the line D. 

Otherwise, — Suppose the line A to be triple of the line B, the line C will be triple of 
the line D. Hence, instead of saying A is to B as C to D, we may say three times B is to 
B as three times 0 is to H. Now it is manifest that three times B is to three times D as 
B is to D. Therefore the line A (which is equal to three times B) is to the line C (which 
is equal to three times D) as the line B is to the line D. 

948. Prop. LXX. If four lines he proportional, they will be proportional by compost- 
tion. 
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Let the line A be to the line B as the line C is to the line D (fg. 303.), they will be 
proportional by composition ; that is, the line A joined to the line B will 

be to the line B as the line C joined to the line L) is to the line D. 

If the line A contain the line B, for example, three times, and the line ^ 

C contain the line D three times ; the line A joined to the line B w ill c. 

contain the line B four times, and the line C joined to the line D will d 

contain the line D four times. Therefore the line A joined to the line Fi~ 3 o- 
B is to the line B as the line C joined to the line D is to the line D. 


949. Pkop. LXX I. If four lines be proportional, they wiU be also proportional by 

division. A " 

If the line A is to the line B as the line C is to the line D {Jig. 304.), b 

they will be proportional by division ; that is, the line A wanting the c 
line B is to the line B as the line C wanting the line D is to the line D. 

If the line A contain the line B, for example, three times, and the line ^ 

C contain the line D three times, the line A wanting the line B will con- Fig. 304 . 

tain the line B only twiee ; and the line C wanting the line D will also contain the line D 
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twice. Therefore the line A wanting the line B is to the line B as the line C wanting the 
line D is to the line D, 

950. Prop. LXX II. Jf three lines be proportionaly the Jirst is to the thirdas the square of 
the first is to the square of the second. 

If the line CD is to the line cd as the line cd is to a third line x {fig. 305.), the line CD 
is to the line x as’ the square of the line CD is to the square of the 
line cd. Take CF equal to the line x, and draw the perpendicular 
FB. 

Since the line CD is to the line cd as the line cd is to the line CF, 
the rectangle of the extremes CF, CD, or CL is equal (Prop. 67.) 
to the rectangle of the means, that is, to the square of cd. 

Again, the square of CD and the rectangle of the lines CF, CL, 
being between the same parallels, are to one another (Prop. 58.) as 
their bases. Therefore CD is to CF, or a:, as the square of CD is 
to the rectangle of CF and CL, or to its equal the square of cd. 

951. Prop. LXXIII. If two chords in a circle cut each others the rectangle of the seg- 
ments of one is eqiuil to the rectangle of the segments of the other 

Let the two chords AB, CD (^^. 306.) in the circle cut each other in the point F, the 
rectangle of AF, FB is equal to the rectangle of CF, FD. Draw 
the two right lines AC, DB. Because in the triangles CAF, BDF 
the angles at the circumference A and D are both measured (Prop. 

42.) by half the arc CB, they are equal. Because the angles C and 
B are both measured (Prop. 42.) by half the arc AD, these angles 
are also equal. And the angles at F are equal, because they are 
vertical. 'Fhese two triangles are therefore equiangular, and conse- 
quently (Prop. 61.) their sides are proportional. Wherefore the 
side AF opposite to the angle C is to the side FD opposite to the 
angle B as the side CF opposite to the angle A is to the side FB opposite to the 
angle D, Therefore (Prop. 69.) the rectangle of the extremes AF, FB is equal to the 
rectangle of the means CF, FD. 

952. Prop. LXXIV. To find a mean proportional between two given lines. 

Let there be two lines A, C 307.), it is required to find a third line B, such that 
the line A shall be to the line B as the line B is to the ^ 
line C. 

Place the lines A and C in such manner that they shall 
form one right line DGL, and bisect this right line in the 
point F. From the point F, as a centre, describe the cir- 
cumference of a circle DMLN ; then, at the point G, where 
the two lines are joined, raise the perpendicular GM ; GM is 
the mean proportional sought between the lines A and C. 

Produce MG to N. 

Because the chords DL, 3IN cut each other at the point G, the rectangle of the seg- 
ments DG, GL is (Prop. 73.) equal to the rectangle of the segments MG, GN. 

Because the radius FL is perpendicular to the chord MN, FL (Prop. 38.) bisects MN ; 
therefore GN is equal to GM. 

Lastly, because the rectangle of the extremes DG, GL is equal to the rectangle of the 
means GM, GN, or its equal GM, DG is to GM as GM is to GL. Therefore GM is a 
mean proportional between DG and GL, that is, between the lines A and C. 

953. Prop. LX XV. The bases and altitudes of equal triangles are in reciprocal or inverse 

ratio. 

Let the two triangles ABC, DFG {Jig. 308.) be equal ; the base AC will be to the base 
DG, as the perpendicular FM to the perpendicular BL ; that 
is, the bases and altitudes are in reciprocal or inverse ratio. ® 

The triangle ABC (Prop. 54.) is half the product or rect- 
angle of the base AC and the altitude BL. Again, the tri- 
angle DFG is (Prop. 54.) half the product or rectangle of the 
base DG and the altitude FM. The two triangles being 
equal, the two rectangles, which are double of the triangles, 
w’ill therefore also be equal. 

Again, because the rectangle of the extremes AC, BL is 
equal to the rectangle of the means DG, FM ; AC (Prop. 

68.) is to DG as FM is to BL. 

954. Prop. LXXVI. Triangles the bases and altitudes whereof arei 
ratio are equal. 

In the two triangles ABC, DFG {Jiff- 309.), if the base AC be to the base DG as the 
perpendicular FM to the perpendicular BIj, the surfaces of the two triangles are equal, 
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Because AC is to DG as FM is to BL, the product or rectangle of the extremes AC, 
BE is (Prop. 67.) equal to the product or rectangle of the means DG, FM. The halves 
(Corol. to Prop. 27.) of these two rectangles, 
namely, triangles ABC, DFG, are therefore 
equal. 

955. Prof. LXXVII. Two secants drawn 
from the same point to a circle are in the inverse 
ratio of the parts which lie out of the circle. 

Let the two secants be CA,’CB (^y.310.); 

CA is to CB as CD is to CF. Draw the 
right lines FB, DA. 

In the triangles CDA, CFB the angles 
at the circumference A and B, being both 
measured (Prop. 42.) by half the arc FD, are 
equal, and the angle C is common to the two triangles. These two triangles are there- 
fore (Prop. 23.) equiangular and (Prop. 61.) have their sides proportional. Wherefore 
the side CA of the first triangle is to the side CB of the second triangle as the side CD 
of the first triangle is to the side C F of the second triangle. 

956. Prop. LXXVIII. The tangent to a circle is a mean proportioned between the secant 
and the part of the secant which lies out of the circle. 

In the circle ABD, CB {fig. 311.) being secant, and CA tangent, CB is to CA as CA 
is to CD. Draw the right lines AB, AD. q 

The triangles CAB, CDA have the angle C common to both. Also 
the angle B is measured (Prop. 42.) by half the arc AFD ; and the 
angle CAD formed by the tangent AC and the chord AD is measured 
(Prop. 41.) by half the same arc AFD. The two triangles CAB, CDA, 
having their two angles equal, are (Prop. 23.), equiangular, and con- 
sequently (Prop. 61.) have their sides proportional. Hence the side 
CB of the greater triangle opposite to the angle CAB is to the side 
CA of the smaller triangle opposite to the angle D as the side CA of 
the greater triangle opposite to the angle B is to the side CD of the 
smaller triangle opposite to the angle A. 

CoROLLART. From this proposition is suggested a new method of 
finding a mean proportional between two given lines. 

Take CB equal to one of the given lines, and CD equal to the other ; bisect DB ; from 
the point of division, as a centre, describe the circumference DAB ; and draw the tangent 
CA. This tangent is a mean proportional between CB and CD, as appears from the 
proposition. c 

957. Prop. LXXIX. To cut a given line in extreme and mean 
ratio. 

Let it be required to divide the line CA {fig. 312.) in extreme and 
mean ratio ; that is, to divide it in such a manner that the whole line 
shall be to the greater part as the greater part is to the less. 

At the extremity A of the line CA raise a perpendicular AG equal 
to half the linp C A ; from the point G, as a centre, with the radius GA, 
describe the circumference ADB ; draw the line CB through the centre, 
and take CF equal to CD ; the line C A will be divided at the point F 
in extreme and mean ratio. 

Because (Prop. 78.) CB is to CA as CA is to CD, by division, 

(Prop. 71.) CB wanting CA or its equal DB is to CA, as CA wanting 
CD or its equal CF is to CD ; that is, CD or CF is to CA, as FA is to CD or CF ; 
or, inversely, CA is to CF as CF is to FA, or the line AC is cut in extreme and 
mean ratio. 




Fig. 312. 


St3IlLAB FIGURES. 


958. Definitions. — 1. Figures are similar which are composed of an equal 
physical points disposed in the same manner. Thus, c 
the figures ABCDF, ahedf {fig. 313.) are similar, if ^ 
every point of the first figure has its corresponding 
point placed in the same manner in the second. 

Hence it follows, that if the first figure is, for example, 
three times greater than the second, the points of 
which it is composed are three times greater than 
those of the second figure. ^ ' 

2. In similar figures, those lines are said to be homologous 

which are composed of an equal number of corresponding points. 


number of 
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959. Prop. LXXX. In similar figures the homologous sides are proportional. 

Let the similar figures be ABCDF, ahcdf (^Jig- 314.), and the homologous lines CA, ca, 
CF, cf ; CA is to CF as ca to cf, c 

Since the lines CA, ca are homologous, they are composed 
of an equal number of corresponding points ; as are also the 
homologous lines CF, cf. If, for instance, the line CA is 
composed of 40 equal points, and the line CF of 30, the 
line ca will necessarily be composed of 40 points, and the line 
cf of 30 ; and it is manifest that 40 is to 30 as 40 to 30. 

Therefore C A is to C F as ca to 

960. Prop. LXXXI. The circumferences of circles are as their radii. 

The circumferepce DCB (^fig. 315.) is to the radius AB as the circumference dch is to 
the radius ab. c 

All circles are similar figures, that is, are composed of an 
equal number of points disposed in the same manner. They 
have therefore (Prop. 80.) their homologous lines propor- 
tional. Therefore the circumference DCB is to the radius | 

AB as the circumference deb is to the radius ab. 

961. Prop. LXXXII. Similar figures are to each other as 
the squares of their homologous sides. 

Let the two similar figures be A, a(^fig. 316.) Upon the 
homologous sides CD, cd form the squares B, b. The surface A is to the surface a as the 
square B is to the square b. 

Since the figures A, a are similar, they are composed of an equal number of cor- 
responding points ; and since the homologous sides CD, cd are com- 
posed of an equal number of points, the squares drawn upon these lines 
B, b are also composed of an equal number of points. 

If it be supposed that the surface A is composed of KXX) points 
and the square B of 400 points, the surface A will be also composed of 
1000 points and the square b of 400. Now it is manifest that 1000 
is to 400 as 1000 to 400. Wherefore the surface A is to the square B 
as the surface a is to the square b ; and, alternately (Prop. 69.), the sur- 
face A is to the surface a as the square B to the square b. 

Corollary. It follows that if any three similar figures be formed upon the three sides 
of a right-angled triangle, the figure upon the hypothenuse will be equal to the other two 
taken together j for these three figures will be as the squares of their sides ; therefore, since 
the square of the hypothenuse is equal to the two squares of the other sides, the figure 
formed upon the hypothenuse will also be equal to the two other similar figures formed 
upon the other sides, 

962. Prop. LXXXIII. Circles are to each other as the squares of their radii. 

Let two circles DCB, dch {fig. 317.) be drawn. 

The surface contained within the circumference DCB is to 

the surface contained within the circumference dch as the 
square formed upon the radius AB to the square formed upon 
the radius ab. 

The two circles, being similar figures, are composed of an 
equal number of corresponding points, and the radii AB, a6 
being composed of an equal number of points, the squares of 
these radii will also be composed of an equal number of points. 

Suppose, for example, that the greater circle DCB is composed of 8CX) points, and the 
square of the greater radius AB of 300 points, the smaller circle dch will also be composed 
of 800 points, and the square of the smaller radius of 300- Now it is manifest that 800 is 
to 300 as 800 to 300. Therefore the greater circle DCB is to the square of its radius AB 
as the smaller circle deb is to the square of its radius ah\ and, alternately, the greater circle is 
to the lesser circle as the greater square is to the le^r square. 

963. Prop. LXXXIV. Similar triangles are equiangular. 

If the two triangles ABC, a6c {fig. 318.) be composed of an equal number of points 
disposed in the same manner, they are equiangular. 

For, since the triangles ABC, aic are similar figures, they 
have their sides (Prop. 80.) proportional ; they are therefore 
(Prop. 62.) equiangular. 

964. Prop. LXXXV. Equiangular triangles are similar 

If the triangles ABC, ahe are equiangular, they are also 

similar. See fig. 318. 

If the triangle ABC were not similar to the triangle a5c, 
another triangle might be formed upon the line AC ; for example, ADC, which should be 
similar to the triangle abc. Now, the triangle ADC, being similar to the triangle ahr. 
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will also (Prop. 84.) be equiangular to ahc ; which is impossible, since the triangle ABC 
is supposed equiangular to ahc. 

965. Prop. LXXXVI. If four lines are proportional, their squares are also proportional. 

If the line AB be to the line AC as the line AD is to the line AF 31 9,), the square 

of the line AB will be to the square of the line AC A- 
as the square of the line AD is to the square of the 
line AF. 

With the lines AB and AD form an angle BAD; 
with the lines AC and AF form another angle CAF 
equal to the angle BAD, and draw the right lines 
BD,CF. 

Because A B is to AC as AD to AF, and the con- 
tained angles are equal, the two triangles BAD, CAF 

have their sides about equal angles proportional ; they are therefore (Prop. 63.) equiangular, 
and consequently (Prop. 85.) similar : whence they are to one another (Prop. 82.) as 
the squares of their homologous sides. If, then, the triangle BAD be a third part of 
the triangle CAF, the square of the side AB will be a third part of the square of the side 
AC, and the square of the side AD will be a third part of the square of the side AF. 
Wherefore these four squares will be proportional. 

966. Prop. LXXXVII. Similar rectilineal figures may be divided hito an equal number of 
similar. 

Let the similar figures be ABCDF,a5crf/i and draw the homologous lines CA, ca, CY,cf\ 
these two figures will be divided into an equal number of 
similar triangles. 

The triangles BCA, hca {fig. 320- ), being composed of an 
equal number of corresponding points, are similar. The 
triangles AC F, ac/ and the triangles FCD,^d are also, for 
the same reason, similar. Wherefore the similar figures 
ABCDF, afted/* are divided into an equal number of similar 
triangles. 

967. Prop. LXXXVIII. Similar figures are equiangular. 

The similar figures ABCDF, (see preced. Prop.) have their angles equal. 

Draw the homologous lines CA, ca, CF, cf. The triangles BCA, hca are similar, and con- 
sequently equiangular. Therefore the angle B is equal to the angle b, the angle BAG to 
the angle bac, and the angle BCA to the angle hca. The triangles ACF,ac/ FCD, fed 
are also equiangular, because they are similar. Therefore all the angles of the similar 
figures ABCDF, abedf are equal. 

968. Prop. LXXXIX. Equiangular figures the sides of which are proportional are 
similar. 

If the figures ABCDF,a6c((/' {fig. 321.) have their angles equal and their sides propor- 
tional, they are similar. Draw the right lines CA, ca, 

CF,c/. 

The triangles CBA, cfca, have two sides proportional and 
the contained angle equal; they are therefore (Prop. 63.) 
equiangular, and consequently (Prop. 85.) similar. The 
lines CA, ca are therefore (Prop, 80.) proportional. 

The triangles CAY, caf have two sides proportional and 
the contained angle equal ; for if from the equal angles 
BAF, 6a/ be taken the equal angles BAC,6ac, there will remain the equal angles CAF, 
caf. These two triangles are therefore equiangular, and consequently similar. In the 
same manner it may be proved that the triangles CFD, cfd are similar. 

The two figures ABCDF, abedf are then composed of an equal number of similar triangles* 
that is, they are composed of an equal number of points disposed in the same manner, or 
are similar. 




Fig. 321. 


PLANES. 


969. Definitions. — 1. A plane is a surface, such that if a right 
touches it in two points it will touch it in every other point. 
The surface of a fluid at rest, or of a well-polished table, may 
be considered as a plane. 

2. A right line is perpendicular to a plane if it make right 

angles with all lines which can be drawn from any point in 
that plane. Thus BA {fig. 322.) is perpendicular to the plane 
MLGFPN, because it makes right angles with the lines AM, m 
AL, AG, &c. drawn from the point A. 

3. Let AB (Jig. 323.) be the common intersection of two planes. 


line applied to it 
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If two right lines LM, FG be drawn, in these two planes, perpendicular to the line 
AB, these will form four an- 
gles at the point C, which are 
called the inclinations of the ' 
two planes, or the angles 
formed by the two planes. 

4. If the line AB 324.) 

revolves about itself, with- 
out changing its place, the 
line AC, which makes an 
acute angle with AB, will 
describe in the revolution a concave surface LAC; and the line AD, which makes 
an obtuse angle with AB, will describe in the revolution a convex surface MAD. 

5. But the line AF Defin. 2 .), which makes a right angle with AB, will de- 

scribe in the revolution a surface which will be neither con- 
cave nor convex, but plane : and the line AB will be perpendi- .. 

cular to the plane ML GFPN, because it will make right angles 
with the lines AM, AL, AG, Sec. drawn from the point A in 
that plane. 

6 . Two planes are parallel when all perpendiculars drawn from 

one to the other are equal. See Jig. 325., wherein AB, CD 
are equal between the surfaces LM, FG. 

970. Prop. XC. A perpendicular is the shortest line which can he 
drawn from any point to a plane. 

From the point B (^Jig. 326.), let the right line BA be drawn 

perpendicular to the plane DF ; any other line, as BC, will be longer than the line BA. 

Upon the plane draw the right line AC. 

Because the line BA is perpendicular to the plane DF, the angle BAC is a right angle. 
The square of BC is therefore (Prop. 32.) equal to the squares « 

of BA and AC taken together. Consequently the square of BC 

is greater than the square of BA, and the line BC longer than 
the line BA. 

971. Prop. XCI. A perpendicxdar measures the distance of any 
point from a plane. 

The distance of one point from another is measured by a right 
line, because it is the shortest line which can be drawn from one 
point to another. So the distance from a point to a line is measured 
by a perpendicular, because this line is the shortest which can be drawn from the point 
to the line. In like manner, the distance from a point to a plane must be measured by 
a perpendicular drawn from that point to the plane, because this is the shortest line which 
can be drawn from the point to the plane. 

972. Prop. XCII. The common intersection of two planes is a right line. 

Let the two planes ALBMA, AFBGA 327.) intersect each other; the line which 
is common to both is a right line. Draw a right line from the point 
A to the point B. 

Because the right line AB touches the two planes in the points 
A and B, it will touch them (Defin. 1 .) in all other points ; this line 
therefore, is common to the two planes. Wherefore the common 
intersection of the two planes is a right line. 

973. Prop. XCIII. If three points, not in a right line, are com- 
mon to two planes, these two planes are one and the same plane. 

Let two planes be supposed to be placed upon one another, in such Fig *327 

m a nn er that the three points A, B, C shall be common to the two 

planes ; all their other points will also be common, and the two planes will be one and 
the same plane. The point D, for example, is common to both planes. Draw the right 
lines AB, CD. 

Because the right line AB touches the two planes in the points A and B, it will touch 
them (Defin. 1.) in every other point; it will therefore touch them 

in the point F. The point F is therefore common to the two i, 

planes. 3 ^ 

Again, because the right line CD touches the two planes in the 1 ^ 

points C and F, it will touch them in the point D; therefore the 
point D is common to the two planes. The same may be shown 
concerning every other point. Wlierefore the two planes coincide Fig. 82 s. 

in all points, or are one and the same plane. 

974 . Prop. XCIV. If a right line he perpendicular to two right lines which cut each other, 
it will be perpendicular to the plane of these right lines, 
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Let the line AB 329.) make right angles with the lines AC, AD, it will be perpen- 
dicular to the plane which passes through th^e lines. 

If the line AB were not perpendicular to the FDCG, another plane 
might be made to pass through the point A, to which the AB would 
be perpendicular. But this is impossible ; for, since the angles BAC, 

BAD are right angles, this other plane (Defin. 2.) must pass through 
the points C, D; it would therefore (Prop. 93.) be the same with the 
plane FDCG, since these two plan^ would have three common points 
A, C, D. 

975. Pkop. XCV. From a given point in a plane to raise aperpen^ Fig^sag. 

dicidar to that plane. 

Let it be required to raise a perpendicular from the point A (^jig. 330.) in the plane LM. 

Form a rectangle CDFG, divide it into two 
rectangles, having a common section AB, and 
place these rectangles upon the plane LM in 
such a manner that the bases of the two rect- 
angles AC, AG shall be in the plane LM, and 
form any angle with each other; the line AB 
shall be perpendicular to the plane LM. The 
line AB makes right angles with the two lines 
AC, AG, which, by supposition, are in the plane 
LM; it is therefore (Prop. 94.) perpendicular 

to the plane LM. Fig. 330. 

976. Pkop. XCVI. Two planes cutting 

each other at right angles, if a right line be drawn in one of the planes perpendicular to their 
common intersection, it will he perpendictdar to the other plane. 

Let the two planes AFBG, ALBM (^fg. 331.), cut each other at right angles; if the 
line LC be perpendicular to their common intersection, it is also per- 
pendicular to the plane AFBG. Draw CG perpendicular to AB. 

Because tlie lines CL, CG are perpendicular to the common in- 
tersection AB, the angle LCG (Dedn. 3.) is the angle of inclination 
of the two planes. Since the two planes cut each other perpendi- 
cularly, the angle of inclination LCG is therefore a right angle. 

And because the line LC is perpendicular to the two lines CA, CG 
in the plane ABFG, it is (Prop. 94.) perpendicular to the plane 
AFBG. 

977. Prop. XCVII. If one plane meet another plane, it makes 
angles udth that other plane, which are together equal to two right angles. 

Let the plane ALBM {fig. 332.) meet the plane AFBG ; these planes will make with each 
other two angles, which will together be equal to two right angles. » 

Through any point C draw the lines FG, LM perpendicular to the line 
AB. The line CL makes with the line FG two angles together equal 
to two right angles. But these two angles are (Defin. 3.) the angles 
of inclination of the two planes. Therefore the two planes make 
angles with each other, which are together equal to two right angles. 

CoaoLLART. It may be demonstrated in the same manner that 
planes which intersect each other have their vertical angles equal, that 
parallel planes have their alternate angles equal, &c. ^ 

978 . Prop. XCVIII. ^ two planes be parallel to each other. Fig. 332. 

a right line, which is perpendicular to one of the planes, will be also perpendicular to the 
other. 


M 

Fig. 331. 


Let the two planes LM, FG {jig. 333.) be parallel. If the line BA 




-iC 'iM 


be perpendicular to the plane FG, it will also be perpendicular to the 
plane LM. From any point C in the plane LM draw CD perpen- 
dicular to the plane FG, and draw BC, AD. 

Because the lines BA, CD are perpendicular to the plane FG, the 
angles A, D are right angles. ^ 

Because the planes LM, FG are parallel, the perpendiculars AB, F*' 

DC (Defin. 6.) are equal ; whence it follows that the lines BC, AD “ — ' 

are parallel. 

The line BA, being at right angl^ to the line AD, will also (Prop. 13.) be at right 
angles to the parallel line BC. The line BA is therefore perpendicular to the line BC. 

In the same manner it may be demonstrated that the line BA is at right angles to all 
other lines which can be drawn from the point B in the plane LM. Wherefore (Defin ^ ^ 
the line BA is perpendicular to the plane LM. 
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979. Definitions. — 1 . A solid, as we have before observed, is that which has length, 

breadth, and thickness. p 

2. A polyJtedron is a solid terminated by plane surfaces. 

3. A prism is a solid terminated by two identical plane bases 

parallel to each other, and by surfaces which are parallelo- 
grams. (^Fig. 334. ) 

4. A paraUelopiped is a prism the bases of which are parallelo- 

grams. (,Fig, 335.) 

5. A evbe is a solid terminated by six square sur&ces : a die, 

for example, is a cube. (^Fig. 336.) G 

6. If right lines be raised from every point in the perimeter of Fig. 354. Fig. 335. 

any rectilineal figure, and meet in one common point, these lines together with the 
rectilineal figure inclose a solid which 
is called a pyramid. (^Fig. 337.) 

7. A cylinder is a solid terminated by two 

bases, which are equal and parallel cir- 
cles, and by a convex surface ; or it is a 
solid formed by the revolution of a pa- 
rallelogram about one of its sides. 

{Fig. 338.) 

S. If right lines be raised from every point 

in the circumference of a circle, and meet in one common point, these lines together 
with the circle inclose a solid, which 
is called a cone. (^Fig. 339.) 

9. A semicircle revolving about its diame- 
ter forms a solid, which is called a 
sphere. (^Fig. 340.) 

10. If from the vertex of a solid a perpen- 

dicular be let fall upon the opposite 
plane, this perpendicular is called the 
altitude of the solid. In the pyramids 
ACD, Acd 341.), AB, ab are 
their respective altitudes. 

1 1 . Solids are said to be equal, if they inclose an equal space : thus a cone and a pyramid 

are equal solids if the space inclosed within the cone be equal to the space inclosed 
within the pyramid. 

12. Similar solids are such as consist of an equal number of physical points disposed in 

the same manner. 

Thus (in the fig. Defin. 10.) the larger pyramid ACD and the smaller pyramid Acd are 
similar solids if every point in the larger pyramid has a point corresponing to it in the 
smaller pyramid. A hundred musket balls and the same number of cannon balls, disposed 
in the same manner, form two similar solids 

980. Prop. XCIX. The solid content of a cube is equal to the product of one of its sides 
twice multiplied by itself. 

Let the lines AB, AD {fig. 342.) be equal. Let the line AD, drawn perpendicular to 
AB, be supposed to move through the whole length of AB ; when it ^ 

arrives at BC, and coincides with it, it will have formed the square DABC, 
and will have been multiplied by the line AB. 

Next let the line AF be drawn equal to AD, and perpendicular to the 
plane DABC ; suppose the plane DABC to move perpendicularly through 
the whole length of the line AF; when it arrives at the plane MFGL, 
and coincides with it, it will have formed the cube AFLC, and will have 
been multiplied by the line AF. 

Hence it appears, that to form the cube AFLC, it is necessary, first, to multiply the side 
AD by the side AB equal to AD ; and then to multiply the product, that is, tlie square 
of AC, by the side AF equal to AD; that is, it is 
necessary to multiply AD by AD, and to multiply the pro- 
duct again by AD. 

981. Prop. C. Similar solids have their homologous lines pro- 
portional. 

Let the two solids A, a {fig^ 343.) be similar ; and let their 
homologous lines be AB, ab, BG, bg i AB will be to BG at 
ah to bg. 

Because the solids A, a are similar, every point in the solid p-,g^ 543 , 

A has a point corresponding to it, and disposed in the same 
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nmnner. In tbe solid a. Thus, if the line AB is composed of 20 physical points, and the 
line BG of 10, the line ab wiU be composed of 20 corresponding points, and the line bg 
of 10. Now it is evident that 20 is to 10 as 20 is to 10 : therefore AB is to BG as o& to bg, 

982. Prop. CI. Similar solids are equiangular. 

Let the solids (see fig. to preced. Prop.) A, a be similar ; their corresponding angl^ are 
equal. 

Because the solids A, a are similar, the surfaces BAF, 2>a/are composed of an equal 
number of points disposed in the same manner. These surfaces are therefore similar 
figures, and consequently (Prop. 88.) equiangular. The angles B, A, F are therefore equal 
to the angles 6, a, f In the same manner it may be demonstrated that the other cor- 
respondent angles are equal. 

983. Prop. CII. Solids which have their angles equal and their sides proportional are 
similar. 

If the solids A, a {Jig. 344.) have their angles equal and their sides proportional, they 
are similar. 

For if the solids A, a were not similar, another solid might be 
formed upon the line BF similar to the solid a. But this is im- 
possible ; for, in order to form this other solid, some angle or 
some side of the solid A must be increased or diminished ; 
and then this new solid would not have all its angles equal and 
all its sides proportional to those of the solid a, that is (Prop. 

100, 101.), would not be similar- 

984. Prop. CIII. Similar solids are to one aru^heras ike cubes 
of their homologous sides. 

Let A, a (see fig. to preced. Prop.) be two similar solids, the solid A contains the solid a 
as many times as the cube formed upon the side BF contains the cube formed upon the 
side bf. 

Because the solid A is similar to the solid a, every point in the solid A has its cor- 
responding point in the solid a. From whence it follows, that if the side BF is composed, 
for example, of 50 points, the side 6/ will also be composed of 50 points : and conse- 
quently the cubes formed upon the sides BF, will be composed of an equal number 
of points. 

Let it then be supposed that the solid A is composed of 4000 points, and the cube of 
the side BF of 5000 points ; the solid A must be composed of 4000 points, and the cube 
of the side bf of 5000 points. Now it is evident that 4000 is to 5000 as 4000 to 5000. 
Wherefore the solid A is to the cube of BF as the solid a to the cube of 6/; and, alter- 
nately, the solid A is to the solid a as the cube of BF to the cube of bf. 

Corollary. It may be demonstrated in the same manner that the spheres A, a 
{Jig. 345.), which are similar solids, are to 


one another as the cubes of their radii AB, 
ab. 

985. Prop. CIV. The solid content of 
a perpendicular prism is equal to the product \ 
of its base and height. 

The solid content of tbe perpendicular 
prism ABCD {Jig. 346.) is equal to the 
product of its base AD, and height AD. 

If the lower base AD be supposed to move perpendicularly along the height AB till it 
coincides with the upper base BC, it will have formed the prism ABCD. Now the base 
AD will have been repeated as many times as there are physical points in the height AB. 
Therefore tbe solid content of the prism ABCD is equal to the product of the base mul- 
tiplied by the height. 

Corollary. In the same manner it may be demonstrated that the solid content of the 
perpendicular cylinder ABCD is equal to the product of its base AD and height AB. 

986. Prop. CV. The solid content of an inclined prism is equal to the product of its base 
and height. 

Let the inclined prism be CP {fig. 347.), it is equal to the product of its base RP 
and its height CD. ' 

Conceive the base NB of the perpendicular prism NA, and 
the base RP of the inclined prism PC, to move on in the same 
time parallel to themselves ; when they have reached the points 
A and C, each of them will have been taken over again the 
same number of times. But the base NB will have been taken 
over again (Prop. 104.) as many times as there are physical points 
in the height CD. The base RP will therefore have been taken 
over agmn as many times as there are physical points in CD. 

Consequently the solid content of the inclined prism CP is equal to the product of its 
base RP and the height CD. 
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987. Prop. CVI. In a pyramid^ a section parallel to the hose is similar to the hose. 

Let the section cd be parallel to the base CD 348.) ; this section is a figure similar 
to the base. Draw^ AB perpendicular to the base CD ; draw also 
BC, 6c, BE, he. 

Because the planes cd CD are parallel ; AB, being perpendicular to 
the plane CD, will also (Prop. 98.) be perpendicular to the plane cd-. 
whence the triangles A6c, ABC, having the angles 6, B right angles, 
and the angle A common, are equiangular. Therefore (Prop. 61.) A6 
is to AB as 6c to BC, and as Ac to AC. 

In like manner it may be proved that A6 is to AB as he to 
BE, and as Ac to AE. Consequently if A6 be one third part of AB, 

6c will be one third part of BC, 6c the same of BE, Ac of AC, and Ac 
of AE. 

Again, in the two triangles cAc, CAE, there are about the angle A, common to both, 
two sides proportional; they are therefore (Prop. 63.) equiangular, and consequently 
(Prop. 61.) have their other sides proportional. Therefore ce will be one third part of 
CE. 

The two triangles c6e CBE, having their sides proportional, are therefore (Prop. 89.) 
similar. The same may be demonstrated concerning all the other triangles which form the 
planes cd, CD. Therefore the section cd is similar to the base CD. 

Remark. If the perpendicular AB fall out of the base; by drawing lines from the 
points 6, B, it may be demonstrated in the same manner that the section is similar to the 
base. 

988. Prop. CVII. In a pyramid, sections parallel to the base are to one another as the 




Fig. 549. 


squares of their heights. 

Let CD cd {fg‘ 349.) be parallel sections. From the vertex A draw a perpendicular 
AB to the plane CD : the plane cd is to the plane CD as the square of 
the height A6 is to the square of the height AB. Draw BC, 6c. 

The line AB, being perpendicular to the plane CD, will also (Prop. 

98.) be perpendicular to the parallel plane cd: whence the angle A6c 
is a right angle, and also the angle ABC. Moreover, the angle at A 
is common to the two triangles A6c, ABC ; these two triangles, there- 
fore, are equiangular. Therefore (Prop. 61.) the side c6 is to the side 
CB as the side A6 is to the side AB ; and consequently the square of 
c6 is to the square of CB as the square of A6 to the square of AB. 

The planes cd, CD, being (Prop. 106.) similar figures, are to one 
another (Prop. 82.) as the squares of the homologous lines c6, CB ; 
they are therefore also as the squares of the heights A6, AB. 

CoROLEART. In the same manner it may be demonstrated that in a cone the sections 
parallel to the base are to one another as the squares of the heights or perpendicular dis- 
tances from the vertex. 

989. Prof. CVIII. Pyramids of the same height are to one another as their bases. 

Let A, F (^fig- 350.) be two pyramids. If the perpendicular AB be equal to the perpen- 
dicular FG, the pyramid A is to the pyramid F 
as the base CD to the base LM. Supposing, 
for example, the base CD to be triple of the base 
LM, the pyramid A will be triple of the py- 
ramid F. 

Two sections cd, Im, being taken at equal 
heights A6, F^, the section cd is (Prop. 107.) 
to the base CD as the square of the height A6 
to the square of the height AB ; and the section 
Im is to the base LM as the square of the 
height Pg to the square of the height FG. 

And because the heights are equal, AB to FG, and Ah to F^f, the section cd is to the base 
CD as the section Im to the base LM ; and, alternately, the section cd is to the section Im as 
the base CD is to the base LM. But the base CD is triple of the base LM, therefore 
the section cd is also triple of the section Im. 

Because the heights AF, FG are equal, it is manifest that the two pyramids are com- 
posed of an equal number of physical surfaces placed one upon another. J**ow it may be 
demonstrated in the same manner that every surface or section of the pyramid A is triple 
of the corresponding surface or section of the pyramid F. Therefore the whole pyramid 
A is triple of the whole pyramid F. 

Coroelary. Pyramids of the same height and equal bases are equal, since they are to 
one another as their bases. 

990. Prop. CIX. A pyramid whose base is that of a cube and whose vertex is at the centre 
of the cube is equal to a third part of the product of its height and base. 
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Let the cube A M and the pyramid C ( 351.) have the same base A D, and let the ver- 
tex of the pyramid be at the centre of the cube C ; this pyramid 
is equal to a third part of the product of its height and base. 

Conceive right lines drawn from the centre of the cube to its 
eight angles A, B, D, F, N, G, L, M, the cube will be divided into 
six equal pyramids, each of which has one surface of the cube for 
its base, and half the height of the cube for its height; for i 
example, the pyramid CABDF. 

Three of these pyramids will therefore be equal to half the 
cube. Now the solid content of half the cube is (Prop. 99.) 
equal to the product of the base and half the height. Each pyramid, therefore, will be 
equal to one third part of the product of the base, and half the height of the cube ; that is, 
the whole height of the pyramid. 

991 . Prop. CX. The solid content of a pyramid is equal to a third part of the product of 
its height end base. * 

Let RPS {fig. 352.) be a pyramid, its solid content is equal to a third part of the pro- 
duct of its height and its base RS. 

Form a cube the height of which BL is double of the height 
of the pyramid RPS. A pyramid the base of which is that of 
this cube and the vertex of which is C, the centre of the cube, 
will be equal to a third part of the product of its base and 
height. 

The pyramids C and P have the same height ; they are there- ' 
fore (Corol. to Prop. 108.) to one another as their bases. If the 
base AFDBis double of the base RS, the pyramid C will there- 
fore be double of the pyramid P. 

But the pyramid C is equal to a third part of the product of its height and base. The 
pyramid P will therefore be equal to a third part of the product of the same height, and 
half the base AFDB, or, which is the same thing, the whole base RS. 

992. Prop. CXI. The solid content of a cone is equal to the third part of the product of 
its height and base. 

For the base of a cone may be considered as a polygon composed of exceedingly small 
sides, and consequently the cone may be considered as a pyramid having a great number 
of exceedingly small surfaces; whence its solid contents will be equal (Prop. 110.) to one 
third part of the product of its height and base. 

993. Prop. CXII. The solid content of a cone is a third part of the solid content of a 
cylinder described about it. 

Let the cone BAC and the cylinder BDFC {fig. 353.) have the same height and 
base, the cone is a third part of the cylinder. 

For the cylinder is equal to the product of its height and base, and the 
cone is equal to a third part of this product. Therefore the cone is a third 
part of the cylinder. 

994. Prop. CXIII. The solid content of a sphere is equal to a third part 
of the product of Us radius and surface. 

Two points not being sufficient to make a curve line, three points will 
not be sufficient to m^e a curve surface. If, therefore, all the physical 
points which compose the surface of the sphere C {fig- 354.) be taken three ^ 
by three, the whole surface will be divided into exceedingly small plane surfaces ; and radii 
being drawn to each of these points, the sphere will be divided into small 
pyramids, which have their vertex at the centre, and have plane bases. 

The solid contents of all these small pyramids will be equal (Prop. 110.) 
to a third part of the product of the height and bases. Therefore the solid 
content of the whole sphere will be equal to a third part of the product of 
the height and all tlie bases, that is, of its radius and surface. 

995. Prof. CXIV. The surface of a sphere is equal to four of its great 
circles. 

If a plane bisect a sphere, the section will pass through the centre, and it is called a great 
circle of the sphere. 

Let A BCD {fig. 355.) be a square ; describe the fourth part of the circumference of a 
circle BLD; draw the ffiagonal AC, the right line FiM, parallel to AD, 
and the right line AL. 

In the triangle ABC, on account of the equal sides AB, BC, the angles 
A and C are (Prop. 4.) equal ; therefore, since the angle B is a right angle, 
the angles A and C are each half a right angle. Again, in the triangle 
AFG, because the angle F is a right angle, and the angle A half a right 
angle, the angle G is also half a right angle ; therefore (Prop. 26.) AF is 
equal to FG. 
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The radius AL is equal to the radius AD : but AD is equal to FM ; therefore AL is 
equal to FM. 

In the rectangular triangle AFL the square of the hypothenuse AL is equal (Prop. 32.) 
to the two squares of AF and FL taken together. Instead of ALput its equal FM, and 
instead of AF put its equal FG ; and the square of FM will be equal to the two squares 
of FG and FL taken together. 

Conceive the square ABCD to revolve about the line AB. In the revolution the square 
will describe a cylinder, the quadrant a hemisphere, and the triangle ABC an inverted 
cone the vertex whereof will be in A. Also the line FM will form a circular section of a 
cylinder, the line FL will form a circular section of a hemisphere, and the line FG a cir- 
cular section of a cone. 

These circular sections, or circles, are to each other (Prop. 83.) as the squares of their 
radii ; therefore, since the square of the radius FM is equal to the squares of the radii FL 
and FG, the circular section of the cylinder will be equal to the circular sections of the 
hemisphere and cone. « 

In the same manner it may be demonstrated that all the other sections or circular sur- 
faces whereof the cylinder is composed are equal to the corresponding sections or surfaces 
of the hemisphere and cone. Therefore the cylinder is equal to the 
hemisphere and cone taken together: but the cone (Prop. 112.) is 
equal to a third part of the cylinder ; the hemisphere is therefore 
equal to the remaining two thirds of the cylinder ; and consequently 
the hemisphere is double of the cone. The cone BSC {Jig. 356.) is 
(Prop. 111.) equal to a third part of the product of the radius and 
base BC, which is a great circle of the sphere : the hemisphere ALD 
is therefore equal to a third part of the product of the radius and 
two of its great circles ; and consequently the whole sphere is equal 
to a third part of the product of the radius and four of its great circles. 

Lastly, since the sphere is equal (Prop. 113.) to a third part of 
the product of the radius and surface of the sphere, and also to a third part of the pro- 
duct of the radius and four of its great circles, the surface of the sphere is equal to four 
of its great circles. 
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Sect. III. 

PRACTICAL GEOMETRY. 

996. Practical Geometry is the art of accurately delineating on a plane surface any 
plane figure. It is the most simple species of geometrical drawing, and the most generally 
useful ; for the surfaces of buildings and other objects are more frequently plane than 
curved, and they must be drawn with truth, and of the required proportions, before they can 
be properly executed, unless in cases where the extreme simplicity of the form renders 
it improbable that mistakes should arise. It has been defined as the art which directs 
the mechanical processes for finding the position of points, lines, surfaces, and planes, 
with the description of such figures on diagrams as can be intelligibly understood by de- 
finition, according to given dimensions and positions of lines, points, &c. 

No part of a building or drawing can be laid down or understood without the assistance 
of practical geometry, nor can any mechanical employment in the building department be 
conducted without some assistance from this branch of the science. Cases frequently occur 
requiring a knowledge of very complex problems, as in masonry, carpentry, and joinery ; 
but these will be given in other parts of this work. 

The demonstration of most of the following problems will be found in the preceding 
section ; we therefore refer tlie reader back to it for definitions, and for the proof of 
those enunciations which will follow. 


PROBLEMS. 

997. Problem I. To bisect a line AB ; that is, to divide if into two equal parts. 

From the two centres A and B 357.) with any equal radii describe arcs of circles 
intersecting each other in C and D, and draw the line CD. This will bisect the given 
line in the point E. 

998. Prob. II. To bisect an angle S.Q. 

From the centre A (^jig. 358.) with any radius describe an arc cutting off the equal 
Imes AD, AE ; and from the two centres D, E, with the same radius describe arcs in- 
tersecting in F, then draw AF, and it will hLsect the angle A, as required. 

999. Prob. III. At a given point C in a line AB to erect a perpendietdar. 
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From the given point C 359.) with any radius cut off any equal parts CD, CE 
of the given line ; and from the two c 
centres D and E with any one radius de- y ^ ^ 

scribe arcs intersecting«in F. Then join A 

CF, and it will be the perpendicular re- / \ E 

quired. / \ 

Otherwise — When the given point C ^ ^ dZ /\ 

is near the end of the line. / \ / \ 

From any point D {,fig~ 360.) assumed / \ / \ 

above the line as a centre, through the />c\ / \ 

given point C describe a circle cutting ^ p c aU c 

the given line at E, and through E and pig.357. FJg.sss. Fig. 359. 

the centre D draw the diameter EDF ; 

then join CF, and it will be the perpendicular required. 

1000. pROB. IV. From a given point A to let faU a perpendicular on a line BC. 

From the given point A 361.) as a 
centre with any convenient radius describe an . 

arc cutting the given line at two points D ! 

and E ; and from the two centres D and E f 

with any radius describe two arcs intersecting y \ 

at F; then draw AGF, and it will be the \ 

perpendicular to BC required. \ ^ 

Otherwise — When the given point is y/ j 

nearly opposite the end of the line. J 

From any point D in the given line BC b 

(Jig. 362.) as a centre, describe the arc of 'v 

a circle through the given point A cutting L. 

BC in E ; and from the centre E with the 

radius EA describe another arc cutting the former in F ; then draw AGF, which will be 


the perpendicular to BC required. 


1001, Prob, V, At a given point A, %n a 
line AB, to make an angle equal to a given 
angle C. 

From the centres A and C {Jig. 363.) 
with any radius describe the arcs DE, FG ; 
then with F as a centre, and radius DE, de- 
scribe an arc cutting FG in G ; through 
G draw the line AG, which will form the 
angle required. 

1002. Pros. VI. Through a given point 
C to draw a line parallel to a given line AB. 



Fjg. 36‘J. Fig. 363. 


Case 

Take any point d in AB {Jig. 364.) ; 
upon d and C, with the distance Cd, describe 
two arcs, eC and dj, cutting AB in e and d. 

Make df equal to eC ; and through Cf draw 
C/, and it will be the line required. 

Case II. 

When the par^lel is to be drawn at a given distance from AB- 

From any two points c and d in the line AB, with a radius equal to the given distance 
describe the arcs e and/,* draw the line CB to touch those arcs without cutting them, and 
it will be parallel to AB, as required. 

1003. Prob. VII. To divide a line AB into any proposed number of equal parts. 

Draw any other line AC {Jig. 365.). forming any angle with 

the given line AB ; on the latter set off as many of any equal 
parts AD, DE, EF, FC as those into which the line AB 
is to be (Uvided; join BC, and parallel thereto draw the other 
lines FG, EH, DI ; then these will divide AB, as required. 

1004. Prob. VIII. To Jind a third proportional to two other 

lines AB, AC. Fig. 365. 

liCt the two given lines be placed to form any angle at A {Jig. 366.), and in AB take 
AD equal to AC ; join BC, and draw DE parallel to it ; then AE will be the third 
proportional sought. 
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10Q5. Prob. IX. 

Let two of the 
AC 367.), be so placed 
as to form any angle at A, 
and set out AD or AB ; join 
BC, and parallel to it draw 
DE ; then AE will be the 
fourth proportional required. 

1006. Prob. X. To find a 
mean proportional between two 
lines AB, BC. 

Place AB, BC (Jig. 368.) 


Tofinda fomih proportioned to three lines AB, AC, AD« 
lines AB, 




Pig. 567. 
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/ 
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s 

« 
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Fig. 568. 
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Fig. 570. 


joined together in one straight line AC, which bisect in the point O; then with the 
centre O and radius 
OA or OC describe 
the semicircle ADC, 
to meet which erect 
the perpendicular BD, 
which will be the 
mean proportional be- 
tween AB and BC 
sought. 

1007. Pbob. XI. To 
find the centre of a 
circle. 

Draw any chord A B 

(fig. 369.), and bisect perpendicularly with the line CD, which bisected in O will be the 
centre required. 

1008. Pros. XII. To describe the circumference of a circle through three points A, B, C. 

From the middle point B (fig.SIO.') draw the chords BA, BC to the two other points, 

and bisect these chords perpendicularly by lines meeting in O, which will be the centre ; 
from the centre O, with the distance of any one of the points, as OA, describe a circle, 
and it will pass through the two other points ^ 

B, C, as required. 

1009. Prob. XIII. To draw a tangent to a 
circle through a given point A. 

When the given point A (fig. 371.) is in the 
circumference of the circle, join A and the 
centre O, and perpendicular thereto draw 
BAC, which will be the tangent required. 

If the given point A (fig. 372.) be out of 
the circle, draw AO to the centre O, on 
which, as a diameter, describe a semicircle cutting the given circumference in D, through 
which draw BADC, which will be the tangent required. 

1010. Pros. XIV. To draw an equilateral 
triangle on a given line AB. 

From the centres A and B (fig- 373.) 
with the distance AB describe arcs inter- 
secting in C ; draw AC, BC, and ABC will 
be the equilateral triangle. 

1011. pROB, XV. 7b make a triangle with 
three given lines AB, AC, BC. 

With the centre A and distance AC (fig- 



Fig. 572. 




Fig. 373. 


c 

Fig. 374. 


374.) describe an arc; with the centre B and distance BC describe another arc cutting 
the former in C; draw AC, BC, and ABC will be the triangle required. 

1012. Prob. XVI. To make a square on a o c 

given line AB. 

Raise AD, BC (fig. 375.) each perpendi- 
cul^ and equal to AB, and join DC; then 
ABCD will be the square sought. 

1013. Prob, XVII. To inscribe a circle in 

a given triangle ABC. a b a B 

Bisect the angles at A and B with the two 375. Fig. 376. 

lines AD, BD (fig. 376.) ; from the intersection D, which will be the centre of the 
circle, draw the perpendiculars DE, DF, DG, and they will be the radii of the circle re- 
qmred. 

1014. Prob. XVIII. To describe a circle about a given triangle ABC. 
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Bisect any two sides with two of the perpendiculars DE, OF, DG (^Jig. 377.), and D 
will be the centre of the circle. 

1015. Pros. XIX. To inscribe an equilateral 
triangle in a given circle. 

Through the centre C draw any diameter AB 
(^Jig. 378.) ; from the point B as a centre, with 
the radius BC of the given circle, describe an 
are DCE ; join AD, AE, DE, and ADE is the 
equilateral triangle sought. 

1016. Prob. XX. To inscribe a square in a 
given circle. 

Draw two diameters AC, BD 379.) crossing at right angles in the centre E ; then 
join the four extremities A, B, C, D with right 
lines, and these will form the inscribed square 
ABCD. 

1017. Prob. XXL To describe a square about 
a given circle. 

Draw two diameters AC, BD crossing at right 
angles in the centre E (Jig> 380.) ; then through 
the four extremities of these draw EG, IH pa- 
rallel to AC, and FI, GH parallel to BD, and 
they will form the square FGHI. 

1018. Prob. XXII. To inscribe a circle in a given square. 

Bisect the two sides FG, FI in the points A and B (see ^^.380.); then through 
these two points draw AC parallel to FG or IH, and BD parallel to FI or GH. Then 
the point of intersection E will be the centre, and the four lines EA, EB, EC, ED radii 
of the inscribed circle. 

1019. Prob. XXIII. To cut a given line in extreme and mean ratio. 

Let AB be the given line to be divided in extreme and mean ratio {Jig. 381.) ; that is, 
so that the whole line may be to the greater part 
as the greater part is to the less part. 

Draw BC perpendicular to AB, and equal to 
half AB; join AC, and with the centre C and 
distance CB describe the circle BD; then with 
the centre A and distance AD describe the arc 
DE. Then AB will be divided in E in extreme 
and mean ratio, or so that AB is to A£ as A£ is 
to EB. 

1020. Prob. XXIV. To inscribe an isosceles 
triangle in a given circle that shall have each of the 
angles at the base double the angle at the vertex. 

Draw any diameter AB of the given circle (Jig^ 382.), and divide the radius CB in the 
point D in extreme and mean ratio (by the last problem) ; from the point B apply the 
chords BE, BF, each equal to the greater part 
. CD ; then join AE, AF, EE ; and AEF will be 
triangle required. 

1021. Prob. XXV. To inscribe a regular jten- 
tagon in a given circle. 

Inscribe the isosceles triangle AB {fg^ 383.) 
having each of the angles ABC, ACB double 
the angle BAC (Prob. 24.) ; then bisect the 
two arcs ADB, AEC, in the points D, E ; 
and draw the chords AD, DB, AE, EC; then Fig. 383. 

ADBCE will be the inscribed equilateral triangle required. 

1022. Prob. XXVI. To inscribe a regular hexagon in a circle. 

Apply the radius of the given circle AO as a chord {Jig. 384.) quite round the circum* 
ference, and it will form the points thereon 
of the regular hexagon ABCDEF. 

1023. Prob. XXVII To describe a re- 
gular pentagon or hexagon about a circle. 

In the giv^ circle inscribe a regular 
polygon of the same name or number of 
sides as ABCDE {Jig. 385.) by one of the 
forgoing problems ; then to adl its angu- 
lar points draw (Prob. 13.) tangents, and 
these will by their intersections form the 
circumscribing polygon required. 
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1024. Pros. XXVIII. To inscrihe a circle in a regular polygon. 

Bisect any two sides of the polygon by the perpendiculars GO, FO 386.), and their 
intersection O will be the centre of the inscribed circle, and OG or OF will be the 
radius. 

1025. Prob. XXIX. To describe a circle about a regular polygon. 

Bisect any two of the angles C and D with the lines CO, DO (^Jig. 387.), then their 
intersection O will be the centre of the cir- 
cumscribing circle; and OC or OD will be 
the radius. 

1026. Prob. XXX. To make a triangle 
equal to a given quadrilateral ABCD. 

Draw the diagonal AC {Jig. .388.), and 
parallel to it DE, meeting BA produced at 
E, and join CE; then will the triangle CEB 
be equal to the given quadrilateral ABCD. 

1027. Prob. XXXI. To make a triangle egual to a given pentagon ABCDE. 

Draw DA and DB, and also EF, CG paraUel to them {jig. 389.), meeting AB pro- 
duced at F and G ; then draw DF and 
DG, so shall the triangle DFG be equal to 
the given pentagon ABCDE, 

1028. Prob. XXXII. To make a rect- 
angle equal to a given triangle ABC. 

Bisect the base AB in D {Jig 390.), then 
raise DE and BF perpendicular to AB, and 
meeting CF parallel to AB at E and F. 

Then DF will be the rectangle equal to 
the given triangle ABC. 

1029. pKOB. XXXIII. To make a square eqiad to a given rectangle ABCD, 

Produce one side AB till BE be equal to the other side BC {Jig. 391.). 

diameter describe a circle meeting BC pro- 
duced at F, then will BF be the side of 
the square BFGH equal to the gi\en rect- 
angle BD, as required. 

1030. Prob. XXXIV. To diaw a cate- 
nary. 

A catenary being a curve into which a 
perfectly flexible cord or chain will arrange 
itself when suspended by its two extremities, it may thus be described. F.et AB (Jig. 392.) 
be a given line from two points c, d, whereof the curve is to fall, and let C be the lowest point 
in the curve. From two pins inserted at the points c and d suspend a fine cord or chain, 
lengthening it till the lowest point of the crown touclies C, tlien a pencil tracing its line 
on the paper ; the curve thus formed will be the catenary required. 

1031. Prob. XXXV. To draw a cycloid. 

If the circumference of a circle be rolled along a right line AB {Jig. 393.) until any 
point h, b in the circumference which was in contact with the 
line come again in contact with it, the point h will describe a 
curve called a cycloid. Let the circle be BC, and the semi- 
base be AB, which must be equal to the semi-circumference of 
the circle. Draw any chords C5, C5, and parallel to AB draw 
the horizontal lines ab, ah, making them respectively equal L 
to the length of the arcs cut off by the chords. Then through L 
the points a, a, so obtained, draw a curve line, and it will be 
the cycloid required. 

1032. Prob. XXXVI. To draw a diagonal scale. 

Let it be of feet, tenths and hundredth parts of a foot. 

many times as necessary, the number of feet by equal 
distances. Divide AG into ten equal parts- On AB 
raise the perpendiculars BD, GG, and AC, and set off 
on AC ten equal divisions of any convenient length, 
through which draw horizontal lines. Then, from the 
point G in DC to the first tenth part from G to A in 
BA draw a diagonal, and parallel thereto the other 
diagonals required. The intersections of these diago- 
nals with the horizontal lines give hundredth parts of g 
a foot, inasmuch as each tenth is divided by the dia- 
gonals into ten equal parts in descending. 
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PLANE THIGONOMETRr. 

103.S. Plane Trigonometry is that branch of mathematics whose object is the investigation 
and calculation of the sides and angles of plane triangles. It is of the greatest importance 
to the architect in almost every part of his practice ; but the elements will be sufficient for 
his use, without pursuing it into those more abstruse subdivisions which are essential in 
the more abstract relations which connect it with geodisic operations. 

1034. We have already observed that every circle is supposed to be divided into 360 
equal parts, called degrees, and that each degree is subdivided into 60 minutes, these 
minutes each into 60 seconds, and so on. Hence a semicircle contains 180 degrees, and a 
quadrant 90 degrees. 

1035. The measure of an angle is that arc of a circle contained between those two lines 
which form the angle, the angular point being the centre, and such angle is estimated by 
the number of degrees contained in the arc. Thus, a right angle whose measure is a 
quadrant or quarter of the circle is one of 90 degrees (Prop. 22. Geometry) ; and the sum 
of the three angles of every triangle, or two right angles, is equal to 1 80 degrees. Hence 
in a right-angled triangle, one of the acute angles being taken from 90 degrees, the other 
acute angle is known; and the sum of two angles in a triangle taken from 180 degrees 
leaves the third angle ; or either angle taken from 180 degrees leaves the sum of the other 
two angles. 

1036. It is usual to mark the figure which denotes degrees with a small ® : thus, 60° 
means 60 degrees ; minutes are marked thus ' : hence, 45' means 45 minutes ; seconds are 
marked thus ", 49" meaning 49 seconds ; and an additional comma is superadded for thirds, 
and so on. Ilius, 58° 14' 25" is read 58 degrees, 14 minutes, 25 seconds. 

1037. The complement of an arc is the quantity it wants of 90 
degrees. Thus, AD {jig. 395.) being a quadrant, BD is the com- 
plement of the arc AB, and, reciprocally, AB is the complement 
of BD. Hence, if an arc AB contain 50 degrees, its complement 
BD will be 40. 

1038. The supplement of an arc is that which it wants of 180 
degrees. Thus, ADE being a semicircle, BDE is the supplement 
of the arc AB, which arc, reciprocally, is the supplement of BDE. 

'Thus, if AB be an arc of 50 degrees, then its supplement BDE 
will be 130 degrees. 

1039. The line drawn from one extremity of an arc perpendicu- 
lar to a diameter passing through its other extremity is called a 
sine or right sine. Thus, BF is the sine of the arc AB, or of the 
arc BDE. Hence the sine (BF) is half the chord (BG) of the double arc (BAG). 

1040. That part of the diameter intercepted between the arc and its sine is called the 
versed sine of an arc. Thus, A F is the versed sine of the arc A B, and E F the versed sine 
of the arc EDB. 

1041. The tangent of an arc is a line which touches one end of the arc, continued from 
thence to meet a line drawn from the centre, through the other extremity, which last line is 
called the secant of the arc. Thus, AH is the tangent and CH the secant of the arc 
AB. So El is the tangent and Cl the secant of the supplemental arc BDE. The latter 
tangent and secant are equal to the former ; but, from being drawn in a direction opposite 
or contrary to the former, they are denominated negative. 

1042. 'Ilie cosine of an arc is the right sine of the complement of that arc. Thus BF, 
the sine of AB, is the cosine of BD. 

1043. 'The cotangent of an arc is the tangent of that arc’s complement. Thus AH, which 
is the tangent of AB, is the cotangent of BD. 

1044. The cosecant of an arc is the secant of its complement. 'Thus CH, which is the 
secant of AB, is the cosecant of BD. 

1045. From the above definitions follow some remarkable properties. 

I. That an arc and its supplement have the same' sine, tangent, and secant ; but the two 
latter, that is, the tangent and the secant, are accounted negative when the arc exceeds a qiia- 
arant, or 90 degrees. II. When the arc isO, or nothing ; but the secant then becomes the 
radius CA, which is the least it can be. As the arc increases from 0, the sines, tangents, and 
secants all increase, till the arc becomes a whole quadrant AD, and then the sine is the 
greatest it can be, being equal to the radius of the circle ; under which circumstance the 
tangent and secant are infinite. III. In every arc AB, the versed sine AF, and the 
cosine BK or CF, are together equal to the radius of the circle, llie radius CA, the 
tangent AH, and the secant CH, form a right-angled triangle CAH. Again, the radius, 
sine, and cosine form another right-angled triangle CBF or CBK. So also the radius. 
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cotangent, and cosecant form a right-angled triangle CDL. All these right-angled triangles 
are similar to each other. 

1046. The sine, tangent, or secant of an angle is the 
sine, tangent, or secant of the arc by which the angle is 
measured, or of the degrees, &c. in the same arc or angle. 

The method of constructing the scales of chords, sines, 
tangents, and secants engraved on mathematical instru- 
ments is shown in the annexed figure. 

1047. A trigonometrical canon {Jig. 396.) is a table 
wherein is given the length of the sine, tangent, and 
secant to every degree and minute of the quadrant, 
compared with the radius, which is expressed by unity 
or 1 with any number of ciphers. Tlie logarithms, more- 
over, of these sines, tangents, and secants, are tabulated, so 
that trigonometrial calculations are performed by only 
addition and subtraction. (See 632. et seq.) Tables of 
this sort are published separately, and we suppose the 
reader to be provided with such. 

1 048. Problem I. To compute the natural sine and cosine 
of a given arc. 

The semiperiphery of a circle whose radius is 1 is 
known to be 3 '141592653589793, &c. : we have then the 
following proportion ; — 

As the number of degrees or minutes in the semicircle 

Is to the degrees or minutes in the proposed arc, 

So is 3 '14159265, &c. to the length of the said arc. 

Now the length of the arc being denoted by the letter a, and its sine and cosine by s and c, 
these two wUl be expressed by the two following series, viz. — 

. a* a’ « 

* ~ “ 2-3 2.3.4.S ~ 2 A4.5.6.7 

^ <1^ , a' « 

— “ 6 120‘"5040''' 

C = 1 i — - .S-r 

^ ^ 2 ^ 2.3.4 2.3 4.5.#> + 

2 24 720 

Example 1. Let it be required to find the sine and cosine of one minute. The number 
of minutes in 180 degrees being 10800, it will be, first, as 10800 : 1 ::3'14159265, &c. : 
'000290888208665 »= the length of an arc of one minute. Hence, in this case, — 

a= -0002908882 
and ^3 = -000000000004 

The difference is s = -0(X)2908882, the sine of one minute. 

Also from 1 . 

take ^‘=0 0000000423079, &c. 
leaves c= '9999999577, the cosine of one minute. 

Example 2. For the sine and cosine of 5 degrees ; — 

Here 180° ; 5°;. 3-14159265, &c. : -08726646 = 0 , the length of 5 degrees. 

Hence a =*08726646 
— ^3= -0001 1076 
+ -00000004 

These collected give *08715574, the sine of 5 degrees. 

And for the cosine 1=1* 

-00.380771 
+ -00000241 

Tliese collected give c — -9961 9470, the cosine of 5 degrees. 

In the same way we find the sines and cosines of other arcs may be computed. The 
greater the arc the slower the series will converge ; so that more terms must be taken to 
make the calculation exact. Having, however, the sine, the cosine may be found from it 

by the property of the right-angled triangle CBF, viz, the cosine CF= VCB-— BF-, 
or c= '>/l — 5*^. There are other methods of constructing tables, but we think it unnecessary 
to mention them ; our sole object being here merely to give a notion of the mode by 
which such tables are formed. 

Z 2 
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1049. Pros. II. To compute the tangents and secants. 

Having, by the foregoing problem, found the sines and cosines, the tangents and secants 
are easily found from the principles of similar triangles. In the arc AB 395.), where 
BF is the sine, CF or BK the cosine, AH the tangent, CH the secant, DL the cotangent, 
and CL the cosecant, the radius being CA or CB or CD ; the three similar triangles CFB, 
CAH, CDL, give the following proportions: — 

I. CF : FB;:CA : AH, by which we find that the tangent is a fourth proportional 
to the cosine, sine, and radius. 

II. CF : CB:: CA : CH, by which we find that the secant is a third proportional to 
the cosine and radius. 

III. BF : FC::CD : DL, by which we find that the cotangent is a fourth proportional 
to the sine, cosine, and radius. 

IV. BF : BC::CD : CL, by which we find that the cosecant is a third proportional 
to the sine and radius. 

Observation 1. There are therefore three methods of resolving triangles, or the cases of 
trigonometry; viz. geometrical construction, arithmetical computation, and instrumental 
operation. The method of carrying out the first and the last does not need explanation ; 
the method is obvious. The second method, from its superior accuracy in practice, is that 
whereof we propose to treat in this place. 

Observation 2. Every triangle has six parts, viz. three sides and three angles. And in alt 
cases of trigonometry, three parts must be given to find the other three. And of the three 
parts so given, one at least must be a side ; because, with the same angles, the sides may be 
greater or less in any proportion. 

Observation 3. All the cases in trigonometry are comprised in three varieties only ; 
viz. 

1st. When a side and its opposite angle are given. 2d. When two sides and the con- 
tained angle are given. 3d. When the three sides are given. 

More than these three varieties there cannot possibly be ; and for each of them we shall 
give a separate theorem. 

1050. Theorem I. When a side and its opposite angle are two of the given parts. 

Then — the sides of the triangle have the same proportion to each other as the sines of 
tlieir opposite angles have. That is, 

As any one side 

Is to the sine of its opposite angle, 

So is any other side 

To the sine of its opposite angle. 

For let ABC (fg. 397.) be the proposed triangle, having AB the greatest side, and BC 
the least. Take AD as a radius equal to BC, and let 
fall the perpendiculars DE, CF, which will evidently be 
the sines of the angles A and B, to the radius AD or 
BC. Now the triangles A DE, ACF arc equiangular ; 
they therefore have their like sides proportional, namely, 

AC : CF;: AD or BC ; DE, that is, the sine AC is to 
the sine of its opposite angle B as the side BC is to the 
sine of its opposite angle A. 

Note 1. In practice, when an angle is sought, the proportion is to be begun with a side 
opposite a given angle ; and to find a side, we must begin with the angle opposite the 
given side. 

Note 2. By the above rule, an angle, when found, is ambiguous ; that is, it is not certain 
whether it be acute or obtuse, unless it come out a right angle, or its magnitude be such as 
to remove the ambiguity ; inasmuch as the sine answers to two angles, which are supple- 
ments to each other ; and hence the geometrical construction forms two triangles with the 
same parts, as in an example which will follow: and if there be no restriction or limitation 
included in the question, either result may be adopted. The degrees in a table answer- 
ing to the sine is the acute angle ; but if the angle be obtuse, the degrees must be sub- 
tracted from 1 80 degrees, and the remainder will be the obtuse angle. When a given 
angle is obtuse, or is one of 90 degrees, no Ambiguity can occur, 
because neither of the other angles can then be obtuse, and the 
geometrical construction will only form one triangle. 

Example 1. In the plane triangle ABC, 

Let AB be 345 feet, 

BC 232 feet, 

^A 37^20': 

Required the other parts. 

First, to the angles at C and B {Jig- 398.) 





0 



Fig. 397. 


Fig. 398. 
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As the side BCs=232 
To sine t^p. L A= 37° 20' - 
So side AB ^=345 


Log. 2-335488 
9-782796 
2-537819 


Tosineopp. /lC = n5°36'or64°24' = 9-955127 

Add ZA= 37 20 37 20 

The sum =152 56 101 44 

Taken from 180 00 180 00 

Leaves ZB 27 04 78 16 


It is to be observed here that the second and third logarithms are added (that is, the 
numbers are multiplied), and from the sum the first logarithm is subtracted (that is, divi- 
sion by the first number), which leaves the remainder 9-955127, which, by the table of 
sines, is found to be that of the angle 115° 36', or 64° 24'. 


To find the side AC. 

As sine Z A = 

To opp. side BC = 

So sine ZB = 

To opp. side AC = 
Or 


37° 30' 

- 

- Log. 9-782796 

232 

. 

2-365488 

27 

04 

. 

9-65803? 

78 

16 


- 9-990829 

174 

07 

• 

2-240729 

374 

56 


2-573521 


Example 2. In the plane triangle ABC, 
Let AB=365 yards, 

Z A =57° 12' 

ZB = 24 45 

Herein two angles are given, whose sum is 

As sine Z C= 98° 3' 

Is to AB = 365 

So sine ZB= 24° 45' - 

ToMdeAC=154 33' - 

To find the side BC. 

As sine Z B = 24° 45' 

Is to AC =154 33 
So sin. ZA = 57 12 


° 57'. Therefore 180°-81° 57'= Z , Ac. 

- Log. 9-9956993 
2-5622929 
9-6218612 


=2-1884548 


- Log. 9-6210612 
2-1884548 
9-9245721 


TosideBC=309 86 


= 2-4911657 


1051. Theorem II. WAen two aides and their contained angk are given. 

The given angle is first to be subtracted from 180° or two right angles, and the remainder 
will be the sum of the other two angles. Divide this remainder by 2, which will give the 
half sum of the said unknown angles ; and using the following ratio, we have — 

As the sum of the two given sides 
Is to their difference. 

So is the tangent of half the sum of their opposite angles 
To the tangent of half the difference of the same angles. 

Now the half sum of any two quantities increased by their half difference gives the 
greater, and diminished by it gives the less. If therefore, the half difierence of the angles 
above found be added lo their half sum, it will give the greater angle, and subtracting it will 
leave the lesser angle. All the angles thus become known, and the unknown side is then 
found by the former theorem. 

For let ABC ()iy. 399.) be the proposed triangle, having the two given sides AC, BC, 
including the given angle C. With the centre C and radius £ 

CA, the less of these two sides, describe a semicircle, meeting ^ 
the other side BC produced in D, £, and the unknown side AB / 
in A, G. Join AE, CG, and draw DE parallel to AE. Now ' 

BE is the sum of the given sides AC, CB, or of EC, CB ; and 
BD is the difference of these given sides. The external angle 
ACE is equal to the sum of the two internal or given angles 
CAB, CBA ; but the angle ADE at the circumference is equal 

to h^ the angle ACE at the centre; wherefore the same angle ADE is equal to half 
the sum of the given angles CAB, CBA. Also the external angle AGC of the triangle 
BGC is equal to the sum of the two internal angles GCB, GBC, or the angle GCB is 
equal to the difference of the two angles AGC, GBC; but the angle CAB is equal to 
the said angle AGC, these being opposite to the equal sides AC, CG ; and the angle DAB 
at the circum&rence is equal to hif the angle DCG at the centre. Therefore the angle 
DAB is equal to half the difference of the two given angles CAB, CBA, of which it has 
been shown that ADE or CDA is the half sum. 

Z 3 
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Now tbe angle DAE in a seimcircle> is a right angle, or A£ is perpendicular to AD ; 
and DF, parallel to A£, is also perpendicular to AD : therefore AE is the tangent of 
CDA the half sum; and DF, the tangent of DAB, the half difference of the angles to the 
same radius AD, by the definition of a tangent. But the tangents AK, DF being parallel, 
it will be as BE : BD : : AE : DF ; that is, as the sum of the sides is to the difference of 
the sides, so is the tangent of half the sum of the opposite angles to the tangent of half 
their difference. 

It is to be observed, that in the third term of the proportion tbe cotangent of half the 
given angle may be used instead of the tangent of the half sum of the unknown angles. 

r 

Example. In the plane triangle ABC 400.), 

Let AB==345 ft. 

AC=174-07ft. 

Z A « 37*^ 20'. Fig. 400. 



Now, the side AB being 345 

From 

180° 00' 

The side AC 174*07 

Take LA 

37 

20 

Their sum is .519*07 

Sum of C and B 

142 

40 

Their difference 170*93 

Half sum of do. 

71 

20 


As the sum of their sides AB, AC =519*07 
To difference of sides AB, AC =170*93 
So tang, half sum Ls C and B = 71° 20^ 

I'o tang, half difi*. La C and B = 44 1 6 

These added, give LC =115 36 
And subtracted, ^ve L3 =27 4 


Log. 2*715226 
2*232818 
10-471298 
9*988890 


By the former theorem : 
As sine ^ C 1 15° : 36', or 64° 24' - 
To its opposite side AB 345 
So sine LA 37° 20' - 
To its opposite side BC 232 


Log. 9*955126 
2*537819 
9*782796 
2*365489 


1052. Theoekm III. When the three sides of a triangle are given. 

Let fall a perpendicular from the greatest angle on the opposite side, or base, dividing 
it into two segments, and the whole triangle into two right-angled triangles, tbe propor- 
tion wiU be— . 

As the base or sum of tbe segments 
Is to the sum of the other two sides, 

So is the difference of those sides 

To the difference of tbe segments of tbe base. 

Then take half the difference of these segments, and add it to tbe half sum, or tbe half base, 
for the greater segment ; and for the lesser segment subtract it. 

Thus, in each of the two right-angled triangles there will be known two sides and tbe 
angle opposite to one of them, whence, by the first theorem, the other angles will be found. 

For the rectangle under the sum and difference of the two sides i^ equal to the rectangle 
under the sum and difference of the two segments. Therefore, forming the sides of these 
lectangles into a proportion, their sums and differences will be found proportionaL 


Example. In the plane triangle ABC (Jig. 401.), 

Lot AB=345 ft. 

AC = 232 ft. 

BC = 174*07. 

X^ing fall the perpendicular CP, 

Base BC : AC + BC::AC-BC : AP-BP; 
Thatis,345 ; 406*07:: 57*93 : 68*i8=AP— BP; 

Its half is 34*09 

The half base is 172*50 



The sum of these is 206*59 = AP 
And their difference 138*41 = BP 


Then, in the triangle APC right-angled at P, 

As the side AC =232 

To sine opp. ^ P = 90° 

So is side A P =206*59 

To sine opp. L ACP = 62° 56' 
Which subtracted from = 90 O 

Leaves LA = 27 04 


Log. 2*365488 
10*000000 
2*315109 
9.949621 
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Again, in the triangle BPC, right-angled at P, 

As the side BC =174*07 

To sine opp. t F s= 90 *^ 00' 
So is side BP =138*41 

To sine opp. L BCP = 52® 40' 
Which taken from 90 00 

Leaves the IB = 37 20 

Also the angle ACP = 62 56 

Added to the angle BCP = 52*40 
Gives the whole angle ACB = 115*36 


Log. 2*240724 
10-000000 
2*141168 
0*990444 


So that the three angles are as follow, viz. Z. A 27° 4' ; 4 B 37° 20' ; ^ C 1 15° 36. 

1053. Theorem IV. If the triangle be right-angled, any unknown part may he found by the 
folloioing proportion : — 

As radius 

Is to either leg of the triangle, 

So is tangent of its adjacent angle 
To the other leg ; 

And so is secant of the same angle 
To the hypothenuse. 


For AB being the given leg in the right-angled triangle ABC, from the 
centre A with any assumed radius AD describe an arc DE, and draw 
DF perpendicular to AB, or parallel to BC. Now, from the definitions, 
DF is the tangent and AF the secant of the arc DE, or of the angle A, 
which is measured by that arc to the radius AD. Then, because of the 
parallels BC, DF, we have AD ; AB::DF : BC, and :;AF ; AC, which 
is the same as the theorem expresses in words. 

Note. Radius is equal to the sine of 90^, or the tangent of 45°, and is 
expressed by 1 in a table of natural sines, or by 10 in logarithmic sines. 

Example 1. In the right-angled triangle ABC, 


Let the leg A B =162 
L A =53° r 


As radius 
To leg AB 
So tang. : L A 
To leg BC 
So secant L A 
To hypothenuse AC 


= tang. 45° 
= 162 - 
= 53° 7' 48" 
= 216 - 
= 53° r 48" 
= 270 - 


48" 

- Log. 10-000000 
2*209515 
10-124937 
2-334452 
10.221848 
2-431363 


c 



Fig. 402. 


Note. There is another mode for right-angled triangles, which is as follows: 

ABC being such a triangle, make a leg AB radius; or, in other words, from the centre 
A and distance AB describe an arc BF. It is evident that the other 
leg BC will represent the tangent and the hypothenuse AC the se- 
cant of the arc BF or of the angle A. 

In like manner, if BC be taken for radius, the other leg AB repre- 
sents the tangent, and the hypothenuse AC the secant of the arc BG 
or angle C. 

If the hypothenuse be made radius then each leg will represent 
the sine of its opposite angle ; namely, the leg AB the sine of the 
arc AE or angle C, and the leg BC the sine of the arc CD or 
angle A. 

Then the general rule for all such cases is, that the sides of the triangle bear to each 
other the same proportion as the parts which they represent. This method is called 
making every side radius. 

1054. If two sides of a right-angled triangle are given to find the third side, that may be 
found by the property of the squares of the sides (Geom. Prop. 32. ; viz. That the square 
of the hypothenuse or longest side is equal to both the squares of the two other sides 
together). Thus, if the longest side be sought, it is equal to the square root of the sum of 
the two shorter sides ; and to find one of the shorter sides, subtract one square from the 
other, and extract the square root of the remainder. 

1055. The application of the foregoing theorems in the cases of measuring heights and 
distances will be obvious. It is, however, to be observed, that where we have to find the 
length of inaccessible lines, we must employ a line or base which can be measured, and. by 
means of angles, which will be furnished by the use of instruments, calculate the lengths 
of the other lines. 


c 
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CONIC SECTIONS. 

1056. The conic sectionSf in geometry, are those lines formed by the intersections of a plane 
with the surface of a cone, and which assume different forms and acquire different properties, 
according to the several directions of such plane in respect of the axis of the cone. Their 
species are five in number. 

1057. Definitions. — 1. A plane passing through the vertex of a cone meeting the plane 
of the base or of the base produced is 
called the directing jj^ane. The plane 
VRX (Jig, 404.) is the directing plane, 

2. The line in which the directing plane 
meets the plane of the base or the plane 
of the base produced is called the di^ 
rectrix. The line RX is the directrix. 

3. If a cone be cut by a plane parallel to the 
directing plane, the section is called a 
conic section, as AMB or AHI (Jig» 

405.) 

4. If the plane of a conic section be cut by 
another plane at right angles passing 
along the axis of the cone, me common 
section of the two planes is called the 
line of the axis. 

5. The point or points in which the line of the axis is cut by the conic surface is or are 
called the vertex or vertices of the conic section. Thus the 
points A and B (^Jigs, 404. and 405.) are both vertices, as is the 
point A or vertex (fig. 406.). 

6. If the line of the axis be cut in two points by the conic surface, 
or by the surfaces of the two opposite cones, the portion of 
the Une thus intercepted is called the primary axis. The line 
AB (figs. 404, and 405.) and AH (fig, 406.) is called the 
primary axis. 

7. If a straight line be drawn in a conic section perpendicular to 
the line of the axis so as to meet the curve, such straight line 
is called an ordinate, as PM in the above figures. 

8. The abscissa of an ordinate is that portion of the line of axis 
contained between the vertex and an ordinate to that line of 
axis. Thus in figs, 404, 405, and 406. the parts AP, BP of 
the abscissas AF BP. 

9. If the primary axis be bisected, the bisecting point is called the centre of the conic 
section. 

10. If the directrix fall without the base bf the cone, the section made by the cutting 
plane is called an ellipse. Thus, in fig. 404., the section AMB is an ellipse. It is 
evident that, since the plane of section will cut every straight line drawn from the 
vertex of the cone to any point in the circumference of the base, every straight line 
drawn within the figure will be limited by the conic surface. Hence the axis, the 
ordinates, and abscissas will be terminated by the curve. 

11. If the directrix fall within the base of the cone, the section made by the cutting plane 
IS called an hyperbola. Hence it is evident, that since the directing plane passes 
alike through both cones, the plane of section will cut each of them, and there- 
fore two sections will be formed. And as every straight line on the surface of the 
cone and on the same side of the directing plane cannot meet the cutting plane, 
neither figure can be enclosed. 

12. If the directrix touch the curve forming the base of the cone, the section made by 
the cutting plane is a parabola. 

OF THE ELLIPSIS. 

1058. The primary axis of an ellipsis is called the major axis, as 
AB (Jig. 407.) ; and a straight line DE drawn through its centre 
perpendicular to it, and terminated at each extremity by the curve, 
is called the minor axis. 

1059. A straight line VQ drawn through the centre and ter- 
minated at each extremity by the curve is called a diameter . Hence 
the two axes are also diameters. 
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1060. The extremities of a diameter which terminate in the curve are called the vertices 
of that diameter. Thus the points V and Q, are the vertices of the diameter V Q. 

1061. A straight line drawn from any point of a diameter parallel to a tangent at either 
extremity of the diameter to meet the curves is called an ordinate to the two abscissas. 
Thus PM, being parallel to a tangent at V, is an ordinate to the two abscissas VP, PQ. 

1062. If a diameter be drawn through the centre parallel to a tangent at the extremity 
of another diameter, these two diameters arc called conjugate diameters. Thus VQ, and 
RS are conjugate diameters. 

1063. A third proportional to any diameter and its conjugate is called ihe ‘parameter ex 
lotus rectum. 

1064. The points in the axis where the ordinate is equal to the semi-parameter are 
called the foci. 

1065. Theorem I. In the ellipsis the squares of the ordinates of an axis are to each other 
as the rectangles of their abscissas. 

Let AVB {fig. 408.) be a plane passing through the axis of the cone, and AEB 
another section of the cone perpendicular to the plahe of the former ; 

AB the axis of the elliptic section, and PM, HI ordinates perpen- 
dicular to it ; then it will be 

PMS : Hl2::APx PB : AH x HB. 

For through the ordinates PM, HI draw the circular sections 
KML, MIN parallel to the base of the cone, having KL, MN for 
their diameters, to which PM, HI are ordinates as well as to the 
axis of the ellipse. Now, in the similar triangles APL, AHN, 

AP : PL:: AH : HN, 

And in BPK, BHM, 

BP : PK::BH : HM. 

Taking the rectangles of the corresponding terms, 

APxBP: PLxPK::AHxBH ; HNxHM. 

By the property of the circle, 

PL X PK== PM'i and HN x HM= HI^. Therefore, 

APxBP: PM2::AHx HB : HP, or 
PM2 : HP::APx BP : AHx HB. 

Coroll. 1. If C be the centre of the figure, AP x PB= CA2— CP^, and AH x HBi= 
CA2-CH2. 

Therefore PM^ : HP2::CA2-CP2 : CA^-CH^. For AP=CA-CP, and PB = 
CA+CP: consequently AP x PB = ( CA— CP)(CA + CP)= CA^— CP2 ; and in the 
same manner it is evident that AHx HB = (CA + CH)( CA — CH)= CA^— CH^. 

Coroll. 2. If the point P coincide with the middle point C of the semi-major axis, 
PM will become equal to CE, and CP will vanish ; we shall therefore have 

PM2 : HI3:;CA2-CP2 : CAS-CH^ 

Now CE2 : HI2::CA3 : CA^-CH^, or CA2x HI3=CE2(CA2-CH2). 

1066. Theorem II. In every ellipsis the square of the major axis is to the square of the 
minor axis as the rectangle of the abscissas is to the square of their ordinate. 

Let AB {fig. 409.) be the major axis, DE the minor axis, C the centre, PM and HI 
ordinates to the axis AB ; then will 

CA2 ; CE2:: AP X PB : PM2 

For since by Theor. I., PM^ ; HP;: AP x PB : AH x HB ; and if a 
the point H be in the centre, then AH and HB become each equal 
to CA, and HI becomes equal to CE ; therefore ^ 

PM® : CE2: : AP x PB : CA2 ; ^ig. 409. 

And, alternately, CA® ; CE2;;APx PB::PM2. 

CoroU. 1. Hence, if we divide the two first terms of the analogy by AC, it will be 
CA : AP X PB ; PM2. But by the definition of parameter, AB ; DE;;DE ; pa- 

9CE^ 2CE^ 

rameter, or CA : CE : : 2CE : parameter^ Therefore is the parameter, which 

let us call P ; then 

AB ; P::APx PB : PM2. 

Coroll. 2. Hence CA2 : CE2;:CA2-CP2 : PM®. For CA2- CP2=^(CA- CP) 
CA+CP) = (APxPB). 

Coroll. 3. Hence, also, A : P::CA2— CP® : PM®. 
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1067. TheoreJH I^I.. In every ellipsis^ the square of the minor axis is to the square of the 
major axis as the dij^ence of the squares of half the minor axis and 
the distance of as ordit^ie from the centre on the minor axis to the 
square of that ordinof^' 

Draw MQ parallel to AB, meeting CE in Q; then 

will 

tE2 : CA2::CE2-CQ2 ; qm^; 

For by Cor. 2. Theor. II., CA^ : CAS-CP^rrCE^ : PM2; 

Thert’We. by division, CA® ; CP®;:CE® : CE® — PM®. 

Therefore, since and CP=Q]M ; CA® : QM®:; CE® ; CE^-CQ®. 

Coroll. 1. If a fit’cle be described on each axis as a diameter, one being inscribed within 
the ellipse, and the odi(\r circumscribed about it, then an ordinate 
in the circle will be lo the corresponding ordinate in the ellipsis 
as the axis belonging to this ordinate is to the axis belonging to 
the other ; that is, 

CA : CE;;PG ; PM, 
and CE : CA'.:p^:pM; 
and since CA^ ; CE®: : AP x PB : PM®, 
and because xPB = PG®; CA® : CE®::PG® : PM®, 
or CA ; CE::PG : PM. 

In the same it may be shown that CE : CA::pp : pM, or, alternately, 

CA : CE:;pM ' tlicfefbre, by equality, PG : PM;:pM pg. or PG : Cp:; CP Ipff' 
therefore CpG is a continued straight line. 

Coroll. 2. Hence* also, as the ellipsis and circle are made up of the same number of 
corresponding ordin^l®^, «’Kich are all in the same proportion as the two axes, it follows 
that the area of the "'bol'i circle and of the ellipsis, as also of any like parts of them, are 
in the same ratio, or th'' square of the diameter to the rectangle of the two axes; that is, 
the area of the two circles and of the ellipsis are as the square of each axis and the 
rectangle of the t^'C : therefore the ellipsis is a mean proportional between the two 

circles. 

Coroll. 3. Draw parallel to GC, meeting ED in Q.; then will Q.M==CG = CA ; 
and let R be the pou'^ where Q.IM cuts AB ; then, because RMGC is a parallelogram, 
RM is equal to CG®*Ol. ; and therefore, since QM is equal to CA, half the major axis 
and RM=CE, half the minor axis QR is the difference of the two semi-axes, and hence 
we have a method of dojsiribing the ellipsis. This is the principle of the trammel, so well 
known among workman. 

If we conceive it move in the line DE, and the point R in the line AB, while the 
point M is carried froni towards E, B, D, until it return to A, the point M will in its 
progress describe of an ellipsis. 

1068. Theorebt The square of the distance of the foci from the centre of an dlipsis is 

equal to the difference of t^tsquare of the semi-axes. 

Let AB {Jig. 4l2.) the major axis, C the centre, F the focus, and FG the semi-para- 
meter; then will CA®— CF®. For draw CE perpendicular 

to AB, and join FE Er Cor. 2. Th. IL, CA® : CE®;:CA2- 
CF® : FG®, and the parameter PG is a third proportional to CA, 

CE; therefore C.\® ! Cl-; ; CE® ; FG®, and as in the two ana- 
logies the first, second, afld fourth terms are identical, the third 
terms are equal ; cou^tinsntly 

CE®s= CA®— CF®. F'fi* 412. 

Coro'l. 1 . Hence CF2=CA®-CE®. 

CoroU. 2. The two s^ioi-axes and the distance of the focus from the centre are the sides 
of a right-angled CFE, and the distance FE from the focus to the extremity of 

the minor axis is C A or CB, or to half the major axis. 

Coroll. 3. The axis CE is a mean proportional between the two segments of the 

axis on each side of the fi>cuLS. For CE®=: CA®— CF®=:(CA h- CF) x (CA — CF). 

1069. Theorebi V. h an dUpsis, the sum of the lines drawn from the foci to any point in 

the curve is equal to tht ana. 

Let the points P,/(^’. 413.) be the two foci, and M a point 
in the curve ; join FAl ^tnl then will AB ==2CA = FM 
By Cor. 2. Th. H*., CA^ : CE®::CA2— CP® : PM®, 

But by Th. IVo CE®= CA®-CF®; 

Therefore CA® : CA2-CF®: : CA®- CP® ; PM® ; 

Aiid by taking the rOevangle of the extremes and means, and dividing the equation bv 
CA®, the result is*^ ^ 
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PM2= CAS- CP4_ CFs + — 

And because FPa=(CF-CP)2=CFs-2CF. CP+ CPs, 

And since FMS= PMs + FPs. 

Therefore FM«=CAs_2CF.CP + 5J^2^". 

Extracting the root from each number, FM= CA — 

In the same manner it may be shown that FM=:CA-f ; therefore the sum of 

these is FM+yM=2CA. 

Coroll. 1. A line drawn from a focus to a point in the curve is called a radius vector, and 
the difference between either radius vector and half the major axis is equal to half the 
difference between the radius vectors. For, since 


y‘IVI= CA — ; therefore, by transposition, 

^^=CA-/M. 


CF CP 

Coroll. 2. Because — is a fourth proportional to CA, CF, CP; therefore CA : 
CF::CP ; CA-/M. 

Coroll. 3. Hence the difference between the major axis and one of the radius vectors givc^^ 
the other radius vector. For, since FM + M^=2CA ; 


Therefore F3r = 2CA-M/. 

Coroll. 4. Hence is derived the common method of describing an ellipsis mechanically, 
by a thread or by points, thus : — Find the foci 4H.), and in the axis AB assume 

any point G j then with the radius AG from the point F as a 
centre describe two arcs H, H, one on each side of the axis ; and 
with the same radius from the point / describe two other arcs 
hf one on each side of the major axis. Again, with the distance 
GB from the point/ describe two arcs, one on each side of the axis, 
intersecting the arcs HH in the points HH; and with the same 
radius from the point / describe two other arcs, one on each side of 
the axis, intersecting the arcs described at A, k in the point h. In tliis manner we may 
find as many points as we please ; and a sufficient number being found, the curve will be 
formed by tracing it through all the points so determined. 

1070. Theorem VI. The square of half the major axis is to the square of half the minor 
axis as the difference of the squares of the distances of any two ordinates 
from the centre to the difference of the squares of the ordinates them- 
selves. 

Let PM and HI (/y, 415.) be ordinates to the major axis AB; 
draw MN parallel to AB, meeting HI in the point N ; then will 
PM=HN, and MN=PH, and the property to be demonstrated is 
thus expressed — Fig.4i5. 




CA2 : CE2::CP2~CH2 : hi^-hn^. 


Or by producing HI to meet the curve in the point K, and making CQ= CP, the pro- 


perty to be proved will be 


By Cor. 2. Theor, II. 


CA2 

rcA2 

t CA3 


CE2::PHx HQ ; KN. 
CE2::CA^-CP^ : P3r2, 
CE2::CA'2-CH2 : HP. 


Therefore CA^-CH^ : CA^-CP^rrHP : PM^ or HN^ ; 

But, by division, CA^-CH2 : CP2-CH2::HI2 : HP-HN^. 

Alternately, CA^-CH^ .* Hr2::CP2-CH2 : HP-HN^; 

And, since we have above, CA^— CH2 : HP::CA 2 ; CE2, 

Therefore, by equality, CA^ : CE2:;CP2 — CH2 : HI 2 — HN2; 

But since CP2_CH2=(CP-CH)(CP+ CH) = PH x QH, 

And since HP- HN2=(HI-HN)(HI + HN) = NI x KN, 

Therefore CA2 : CE2;:PH x HQ, : NI x NK. 


Coroll. 1. Hence half the major axis is to half the minor axis, or the major axis is to the 
minor axis, as the difference of the squares of any two ordinates from the centre is to the 
rectangle of the two parts of the doul)le ordinate, which is the greatest made of the sum 
and difference of the two semiordinates. For KN=iHK + HN= III + HN, which is the 
sum of the two ordinates, and NI = HI — HN, which is the difference of the two ordinates. 

Coroll. 2. Hence, because CP2-CH2 = (CP- CH)(CP + CH). and since HI2- HN2i= 
(HI-HN)(HI+HN), and because CP-CH=PH and HI-IIN==NI; therefore 
CA2 ; CE2;:(CP+CH)PH : (III + HN)NI. 
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1071. Theorem VII. In the ellipsis, half the major axis is a mean proportional between 
the distance of the centre and an ordinate, and the distance between 
the centre and the intersection of a tangent to the vertex of that or- 
dinate. 

To the major axis draw the ordinates PM {Jig. 416.) and HI, 
and the minor axis CE. Draw MN perpendicular to HI. 

Through the two points I, M draw MT, IT, meeting the major 
axis produced in T ; then will CT ; CA;:CA : CP. For, 

ByCor.l.Theor.VL, CE2 : CA2::(IH + HN)IN : (PC+CH)HP; 

By Cor. 2. Th. II., CE^ : CA2::PM‘2 : CA^-CP^; 

Therefore, by equality, PM2* • CA^-CP-: :(IH + HN)IN : (PC + CH)HP. 

By similar triangles, INM, MPT ; IN : NM or PH ; ; PM : PT or CT- CP. 

Therefore, taking the rectangles of the extremes and means of the two last equations, and 
throwing out the common factors, they will be converted to the equation 
PM(CT-CP)(CP-hCH) = (CA3_CP-2)(IH + HN). 

But when HI and PM coincide, HI and HN will become equal to PM, and CH will 
become equal to CP ; therefore, substituting in the equation 2CP for CP + PH, and 2PM 
for IH+ HN, and throwing out the common factors and the common terms, we have 

CT . CP=CA2 
or CT ; CA::CA : CP. 

Coroll. 1. Since CT is always a third pioportiona) to CP and CA, if the points P, A, B 
remain fixed, the point T will be the samej and therefore the tangents which are drawn 
from the point M, which is the intersection of PQ and the curve, will meet in the point T 
in every ellipsis described on the same axis AB. 

Coroll. 2. When the outer ellipsis AQB, by enlarging, becomes a circle, draw Q.T per- 
pendicular to CQ, and joining TM, then TM will be a tangent to the ellipsis at MM. 

Coroll. 3. Hence, if it were required to draw a tangent from a given point Tin the pro- 
longation of the major axis to the ellipsis AEB, it wdll be found thus : — - On AB describe 
the semicircle AQB. Draw a tangent TQ, to the circle, and draw the ordinate PQ, inter- 
secting the curve AEB of the ellipsis in the point M ; join TM ; then TM is the tangent 
required. This method of drawing a tangent is extremely useful in practice. 

1072. Theorem VIII. Four perpendiculars to the major axis intercepted by it and a tan- 
gent will be proportionals tchen the first and last have one of their 
extremities in the vertices, the second in the point of contact, and the 
third in the centre. 

Let the four perpendiculars be AD, PM, CE, BP, of which 
AD and BF have their extremities in the vertices A and B, the 
second in the point of contact M, and the third in the centre C ; 
then will 

AD : PM::CE : BF. 

For, by Theor. VII., TC : AC:: AC I CP; Fig 417 

Bv division, TC-AC : CA-CP::TC : AC or CB; 

That is, TA : AP::TC : CB. 

By composition, TA : TA+ AP::TC : TC+ CB; 

Therefore TA : TP::TC : TB. 

But by the similar triangles TAD, TPM, TCE, and TBF, the sides TA, TP, TC, and 
TB are proportionals to the four perpendiculars AD, PM, CE, and BF ; therefore 

AD : PM::CE ; BF. 

CoroU. 1. If AM and CF be joined, the triangles TAM and TCF will be similar. 

For by similar triangles, the sides TD, TM, TE, TF are in the same proportion as the 
sides TA, TP, TC, TB. 

Therefore TD : TM::TE : TF; 

Alternately, TD : TE::TM : TF: but TAD is similar to TCE; 

Hence TD : TE::TA : TC; 

Therefore, by equality, TA : TM;:TC : TF. 

Coroll. 2. The triangles APM and CBF are similar ; 

For TA : TP::TC : TB. 

By division, TP : TP-TA::TB : TB-TC; 

That is, TP : AP::TB : CB. 

Alternately, TP I TB::AP : CB : but TPM is similar to TBF: 

Consequently, TP : TB::P3I : BF : 

Therefore, by ei^^uality, AP : PM;:CB : BF. 

CorolL 3. If AF be drawn cutting PM in I, then will PI be equal to the half of PM 
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For, since AP : PM::CB : BF, and, by the similar triangles API, ABF, 

AP : PI::AB : BF; 

Therefore PM : PI::CB : AB. 

But CB is the half of AB ; therefore, also, PI is the half of PM* 

1073. Theorem IX. If two lines be drawn from the foci of an ellipse to any point in the 
curve, these two lines will make equal angles with a tangent passing through that point. 

Let TM (^jig. 418.) be a tangent touching the curve 
at the point M, and let F, /* be the two foci; join 
FM, /M, then will the angle FMT be equal to the 
angle /MR. For draw the ordinate PM, and draw 
/R parallel to FM, then will the triangles TFM and T 
T/R be similar ; and by Cor. Theor. VII., A p p N c ye 

Fig. 41S 

CA : CP::CT : CA; 

By Cor. 2. Theor. V., CA : CP::CF: CA-FM; 

Therefore, by equality, CT : CF::CA : CA-FM. 

By division and composition, CT — CF : CT+CF::FM : 2CA — FM; 

That is, TF : T/ : : FM : /M. 

By the similar triangles TFM, T/R; TF ; T/:;FM :/R. 

It therefore appears that /M is equal to /R, therefore the angle /MR is 0qual to the 
angle/RM : but because FM and/R are parallel lines, the angle FMT is equal to the 
angle/RM ; therefore the angle FMT is equal to the angle /MR. 

Coroll. 1. lienee a line drawn perpendicular to a tangent through the point of contact 
will bisect the angle FM/, or the opposite angle DMG. For let MN be perpendicular 
to the tangent TR. Then, because the angle NMT and NMR are right angles, they are 
equal to one another ; and since the angles FMT and/MR are also equal to one another, 
the remaining angles N^IF and NM/ are equal to one another. Again, because the oppo- 
site angles FMN and IMG are equal to one another, and the opposite angle /MN and 
IMD are equal to one another ; therefore the straight line MI, which is the line MN pro* 
duced, will also bisect the angle D^IG. 

Coroll. 2. The tangent will bisect the angle formed by one of the radius vectors, and the 
prolongation of the other. For prolong FM to G. Then, because the angles RMN and 
RMI are right angles, they are equal to one another; and because the angles NM/ and 
IMD are equal to one another, the remaining angles RMG and RM/ are equal to one 
another. • 

Scholium. Hence we have an easy method of drawing a tangent to any given point M in 
the curve, or of drawing a perpendicular through a given point in the curve, which is the 
usual mode of drawing the joints for masonic arches. Thus, in order to draw the line IM 
perpendicular to the curve : produce FM to G, and/M to D, and draw MI bisecting the 
angle DMG ; then IM will be perpendicular to the tangent TR, and consequently to the 
curve. 

As in optics the angle of incidence is always found equal to the angle of reflection, it 
appears that the foundation of that law follows from this theorem ; for rays of light issuing 
from one focus, and meeting the curve in any point, will be reflected into lines drawn from 
these points to the other focus : thus the ray /M is reflected into MF ; and this is the 
reason why the points F/ are called foci, or burning points. In like manner, a sound in 
one focus is reflected in the other focus. 

1074. Theorem X. Every parallelogram which has its sides parallel to two conjugate 
diameters and circumscribes an ellipsis is equal to the rectangle of the two axes. 

Let CM and Cl 419.) be two semi conjugate diame- 
ters. Complete the parallelogram CIDM. Produce CA 
and MD to meet in T, and let AT meet DI in t. Draw 
IH and PM ordinates to the axis, and draw half the minor ^ 
axis CE. Produce DM to K, and draw CK perpendicular 
to DK : then will the parallelogram CIDM be equal to the 
rectangle, whose sides are CA and CE ; or four times the Fig.4i9. 

rectangle CIDM will be equal to the rectangle made of the two axes AB and GE. 

By Cor. Theor. VII., { bT:=CH 

Therefore C^ : CT: : CP ; CH. 

By the similar triangles CH, TCM,* Ct : CT::CI : TM; 

By equality, therefore. Cl : TM::CP I CH. 

By the similar triangles CIH, TMP, Cl : TM::CH : PT; 

Therefore, by equality, CH : PT::CP : CH. 

Consequently CP x PT = CH-. 

But by Theor. VII., CP x CT= CA^; 

Therefore, since CT= CP+ PT, CP«+ CP.PT= 
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CP.PT«:CA«-CP^; 

CH2^CA2-CP2, 

cp2=cA2-cm 

CA2 X HI2= CE2(CA2-. CH2), 

CA2x Hl2=CE2x CP2; 

CA : CP;:CE : HI. 

CP::CT : CA; 

HI::CT : CA. 

CI::CK : CT; 

CI::CK : CA: 


CA 

CE 


And, by transposition, 

Hence, by equality. 

Or, by transposition, 

But by Cor. 2. Theor. I., 

And substituting CP2 for its equal 
CA2— CH2, we have 
Therefore . 

But again, by Theor. VII., 

By equality, therefore. 

But by the similar triangles HIC, KCT, HI : 

Therefore CE : 

Consequently CExCA=CIxCK, 

The ellipsis is of so frequent occurrence in architectural works, that an acquaintance with 
all the properties of the curve, and the modes of describing it, is of great importance to the 
architect. Excepting the circle, which may be called an ellipsis in which the two foci 
coincide, it is the most generally employed curve in architecture. 

1075. Problem I. To describe an ^tpsis. 

Let two pins at E and F 420.) be fixed in a plane within a string whose ends are 
made fast at C. If the point C be drawn fog 

equally tight while it is moved forward 
in the plane till it returns to the place 
from which it commenced, it will describe 
an ellipsis. 

1076. Prob, 1 1. The two diameters 
AB and ED of an ellipse being given in 
position and magnitude^ to describe the curve 
through points. 

Let the two diameters cut each other at 
C (,fg. 421.). Draw AF and BG parallel to ED. 
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Divide AC and AF each into the 
same number of equal parts, and draw lines, as in the figure, through the points of division ; 
viz. those from the line AF to the point D, and the lines through AC to the point E ; 
then through the points of intersection of the corresponding lines dra\^^ the curve AD, and 
in the same manner find the curve BD; then ADB will be the semi-ellipsU. 

It is evident that the same method also extends to a circle by making CD equal to CA ; 
(Jig. 422.) ; and it appears that the two lines forming any 
point of the curve to be drawn will make a right angle 
with each other. For these lines terminate at the ex- 
tremities of the diameter ED, and the point of concourse 
being in the curve, the angle made by them must be a 
right angle ; that is, the angle E AD, or E/iD, or ErD, or 
E^D, is a right angle : and from this property we have 
the following method of drawing the segment of a circle 
through points found in the curve. 

Thus, let AB be the chord, and CD be the versed sine of an arc of a circle, to describe the 
arc. Through D draw HI (fg. 423.) parallel to AB; join AD and DB ; draw AH per- 
pendicular to AD, and BI perpendicular to BD; divide 
AC and HD each into the same number of equal parts, 
and join the corresponding points; divide AF into the 
same number of equal parts, and through the points of di- 
vision draw lines to D, and through the corresponding 
points where these lines meet the former draw a curve 
AD. In the same manner the other half BD may be drawn. 

1077. Pros. HI. A diameter KH of an ellipsis being given, and an ordinate DL, to 
find the limits of the other conjugate diameter. 

Bisect KH in I (Jig. 424.), through I ^aw EA parallel to DL, and draw DC and KB 
perpendicular to EA ; from the point L with the distance K describe 
an arc cutting EA at F; join LF, and produce LF to C; make IE 
and lA each equal to LG; then will EA be a diameter conjugate 
to KH. 

1078. pROB. IV. A diameter KH and an ordinate DL of an 
ellipsis being given, to describe the eune. (See^^, 424.) 

Find the limits E and A of the other conjugate diameter by the 
preceding construction. Produce KB to q, and make Kg equal to 
lA or IE, and through the centre I of the curve and the point q, draw the straight line 
MN. Then, suppose the straight line KBg to be an inflexible rod, having the point B 
marked upon it. Move the rod round, so that the point q on the rod may be in the line 
MN, while the point B is in the line EA ; then, at any instant of the motion, the place 
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of the point K on the plane whereon the figure is to be drawn may be marked ; the points 
thus found will be in the curve. Instead of a rod, a slip of paper may be used, and in some 
cases a rod with adjustible points to slide in a cros^ groove, and a sliding head for a pencil 
is convenient; and such an instrument is called a trammel. 

When the diameters KH and EA 495.) are at right angles to each other, the 
straight line Ky coincides with the diameter KH,and consequently 
the line MN, on which the point q of the inflexible line moves, 
will also fall upon the diameter KH. Therefore in this case no- 
thing more is required to find the limits of the other diameter, 
than to take the half diameters IK, KH of the given diameters, 
and from the extremity L with that distance describe an arc 
cutting the unlimited diameter in the point F; then drawing 
LF, and producing it to and making IE and lA each equal to ^L, EA will be the 
other diameter ; and since the two diameters are at right angles to each other, they are 
the two axes given in position and magnitude, and thus the curve may be described as 
before. 



A method of describing the curve from any two conjugate diameters is occasionally of 
considerable use, and particularly so in perspective. For, in every representation of a 
circle in perspective, a diameter and a double ordinate may be determined by making one 
of the diameters of the original circle perpendicular to the plane of the picture and the 
other parallel to it ; and then the representation of the diameter of the original circle, 
which is perpendicular to the intersecting line, will be a diameter of the ellipsis, which is 
the representation of that circle ; and the representation of the diameter of the circle 
which is parallel to the intersecting line will become a double ordinate to the diameter of 
the ellipsis which is the perspective representation of the circle. 

1079. Prob. V. Through two given points A and B #o describe an ellipsis^ the centre C 
being given in position and the greater axis being given in magnitude only. 

About the centre C {Jig> 426.) with a radius equal to half the _ 

greater axis describe a circle HEDG; join AC and BC; draw 

AD perpendicular to AC, and BE perpendicular to BC, 7fW\ 

cutting the circumference in the points D and E; draw also / / \s. / 

BF parallel to AC, and find BF, which is a fourth propor- GkV — y \/ ] 3 ^ 

tional to AD, AC, and BE ; through the point F and the centre 

C draw FG to cut the circle in H and G, and GH is the major 'X/ 

axis of the ellipsis. By drawing an ordinate B^, the curve may 

be described by the preceding problem, having the axis GH and . fib. 426 . 

the ordinate Bq. 

1080. Prob, VI. Through a given point in the major atis of a given ellipsis to describe 
another similar ellipsis which shall have the same centre and its major axis on the same straight 
line as that of the given ellipsis. 

X#et ACBD (^fig. 427.) be the given ellipsis, having AB for its major axis and CD for 
its minor axis, which are both given in position and magnitude. c ^ 

It is required to draw a similar ellipsis through the point G in the fii 

major axis AG. Draw BK perpendicular and CK parallel to ] 

AB, and join KE. Again, draw GL perpendicular to AB cut- -^r — f. /q j 
ting EK at L, and draw LH parallel to .\B cutting CD in H. 

On the axis CD make El equal to EH, and on the axis AB ^ 

make EF equal to EG. Then, having the major axis AB, and 

the minor axis FG, the ellipsis FIGH may be described, and when drawn, it will be 
similar to the given ellipsis ADBC, 

1081. Prob. VII. Through any given point p, within the curve of a given ellijisis to 
describe another ellipsis which shall be similar and concentric to the given one. 

Let C {Jig. 498.) be its centre. Draw the straight line CpP, cutting the curve of the 
given ellipsis in P. In such curve take any other number of it 

points Q., R, S, &c., and join Q,C, RC, SC, &e. ; join PQ, and 
draw pq parallel thereto cutting ( 7 C at 7 : join PR and draw pr 
parallel to PR, cutting RC at r; join PS and draw ps parallel to 
PS cutting SC in s. The whole being completed, and the curve 
p, Sy ty u drawn through tlie points p, 9 , r, s, &c., the figure will R 
be similar and concentric to the given ellipse P, S, T, U ; or when Fig. i.'s. 

the points at the extremities for one half of the curve have been 

drawn, the other half may be found by producing the diameter to the opposite side, and 
making the part produced equal to the other part. 

1082. Prob. VIII. About a given rectangle ABCD /o describe an ellipsis which shall 
have its major and minor axes respectively parallel to the sides of the rectangle and its centre in 
the points of intersection of the two diagonals. 

Bisect the sides AD and AB (^^.429.) of the rectangle respectively at L and O; 
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through L draw GH parallel to AB cutting the opposite side BC of the rectangle in M, 
and through the point O draw KI parallel to AD or BC cutting 
the opposite side DC in N. In NK or NK produced, make NQ 
equal to NC, and join CQ; draw QR parallel to GH cutting CB 
or CB produced in R; make EH and EG each equal to Q,C, as 
also El and EK each equal to PC ; then will GH be the major axis 
and Kl the minor axis of the ellipsis required. 

The demonstration of this method, in which the line QK has 
nothing to do with the construction, is as follows : — 

By the similar triangles CPM and COR, we have CP ; CM::CQ, ; CR. 

But because MP is equal to ]VIC = EN,and since CR is equal to RQ= EM, 

And, by construction, since PC is equal to El or EK, and QC is equal to EG or EH, 
El : EN::EH : EM, or, alternately, El : EH:;EN ; EM. 

But EN is equal to MC, and EM equal to NC ; 

\Mience El : EH:;MC : CN. 

But since the wholes are as the halves, we shall have KI : GHllBC : CD. 

This problem is useiiil in its application to architecture about domes and pendentives, as 
well as in the construction of spheroidal ceilings and other details. . 
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OF THE HYPERBOLA. 

1083. The direction of a plane cutting a cone, which produces the form called the hyper- 
bola, has been already described ; its most useful properties will form the subject of the 
following theorems, which we shall preface with a few definitions i — 

1. The primary axis of an hyperbola is called the transverse axis. 

2. A strsught line drawn through the centre of an hyperbola and terminated at each 

extremity by the opposite curves is called a diameter. 

3. The extremities of a diameter terminated by the two opposite curves are called the 

vertices of that diameter. 

4. A straight line drawn from any point of a diameter to meet the curve parallel to a 

tangent at the extremity of that diameter is called an ordinate to the two abscissas. 

5. A straight line which is bisected at right angles by the transverse axis in its centre, 

and which is a fourth proportional to the mean of the two a!)scissas, their ordinate, 

and the transverse axis, is called the conjugate axis. 

6. A straight line which is a third proportional to the transverse and conjugate axis is 

called the latus rectum or parameter. 

7. The two points in the transverse axis cut by ordinates which are 

equal to the semi-parameter are called the /ocf. 

1084. Theoreji I, In the hyperbola the squares of the ordinates of the 
transverse axis are to each other as the rectangular of their abscissas. 

Let Q,VN (Jig. 430.) be a section of the cone passing along the 
axis VD, the line of section of the directing plane, HB the line of 
axis of the cutting plane, the directing and cutting plane being per- 
pendicular to the plane QVN. Let the cone be cut by two planes 
perpendicular to the axis passing through the two points P, H, meet- 
ing the plane of section in the lines FM, HI, which are ordinates to 

the circles and to the figure of the section, of the same time. 

By the similar triangles APL and AHN, AP : PL : : AH : HN ; 

And by the similar triangles BPK and BHQ., BP : PK : : BH : HQ. 

Therefore, taking the rectangles of the corresponding terms, AP x BP : PL 

BH : HNx HQ. 

But in the circle, PL x PK = PM2, and HN x HQ=HI2 ; 

Therefore AP x BP : PM^:: AH x BH : HD, 

Or, alternately, PMe : HI^:: AP ; PB : AH : BH. 

1085. Theorem II. In the hyperhday as the square of the transverse 
axis is to the square of the conjugate axis-, so is the rectangle of the abscissas 
to the square of their ordinate. 

Let AB (^^.431.) be the transverse axis, GE the conjugate axis, 

C being the centre of the opposite curves ; also let HI and PM be or- 
dinates as before ; then will 

AB2 : GE2::PAx PB ; PM2, 

Or CA2 : CE^::PA X PB : pm^. 

By Theor. L, PA x PB : HA x HB::PM2 : HD; 

Alternately, PA x PB : PM® : : H A x HB : : H D. 

But HAx HB : HD::AB® : GE®; 

Tlierefore AB® ; GE®:: PA x PB : PM®. 
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Coroll. Hence AB® ; GE®::CP2— CA® : PM® (^^.432,). For let the cutting plane 
of the opposite hyperbola intersect two circles parallel to the base in 
HI and PM, and let the cone be cut by another plane parallel to the 
base, passing through the centre C of the transverse axis, and let mn 
be the diameter of the circle made by the plane QVN. 

Then A Cm, APK are similar, and AC ; Cm;; AP : PK. 

And as BCn, BPL are similar, BC ; Cm BP ; PL. 

Therefore, taking the rectangles of the corresponding terms, 

BCx AC : Cmx Cm::BPx AP : PLx PK. 

But BC = AC ; Cm X Cm= ; and PL x PK = PM^. 

Therefore AC^ ; Ct^; ; AP x BP ; PM‘2 

Though C^ is not in the same plane, it is what is usually called the 
semi-conjugate axis, and it agrees with what has been demonstrated 
in the first part of this proposition. 

1086. Theorem III. In the hyperbola^ the square of the semi- 
conjugate axis is to the square of the semi^transverse axis as the sum 
of the squares of the semi-conjugate axis and of the ordinate parallel to it is to the square of the 
abscissas. 

' Let AB (fg. 433.) be the transverse axis, GE the conjugate, C the cen* 
tre of the figure, and PM an ordinate, then will 

GE2 : AB2::CE2+PM2 : CP^. 

For, by Theor. IL, CE^ : CA^.-PMS': CP^-CAS, 

And, by composition, CE- ; CA2;:CE~ + PM2 ; CP^. 

This demonstration may be also applied to what are called conjugate 
hyperbolas. 

1087. Theorem IV. In the hyperhola, the square of the distance of the 
focus from the centre is equal to the sum of the squares of the semi-axes. 

Let AB {Jig> 434.) be the transverse axis, CE the semi-conjugate. In 
AB, produced within the curve each way, let F be one focus; and / the 
other, and let FG be the semi-parameter then CF-«CA-+ CE®. 

For, by Theor. I., CA^ .* CE2:;FA x FB ; FG^; 

But, by property of parameter, CA^ ; CE'’::CE2 ; FG^. 

Therefore CE9= AF x FB = CF- CA ; 

And, by transposition, CF“=CA3+ CE'^. 

Coroll. 1. The two semi-axes, and the distance of the focus from the centre, are the sides 
of a right-angled triangle CEA, of which the distance AE 
is the distance of the focus from the centre. 

Coroll. 2. The conjugate axis CE is a mean proportional 
between FA and FB, or between /B and /A, for CE^ = 

CF2-CA = (CF+ CA) x (CF-CA)=BFx AF. 

1088. Theorem V. The difference of the radius vectors 
is equal to the transverse axis. 

That is, /M- FM= AB = 2CA==2CB. 

For C A^ : CE2 ; ; CP^- C A^ : PM2 ; 

And CE2=CF^-CA2 

Therefore CA^ ; CPt- CA^;; CP2- CA® ; PM^. 

And by taking the rectangle of the extremes and means, and 
dividing by CA% 



Pig. 433. 



CF^- CF2+ CA2; 

But Fpa = (CP- CF)2=CP2=2CP x CF+ CFa, 

And Fai2=PM2+ FP2. 

Therefore FM2=5S^??_2CP x CF+ CA2. 

Now each side of this equation is a complete square. 

Therefore, extracting the root of each number. 

In the same manner we find 
And, subtracting the upper equation from the lower,/M— FM = 2CA. 

Coroll. 1. Hence is derived the common method of describing the hyperbolic curve 
mechanically. Thus : — In the transverse axis AB produced (fg. 435.), take the fijci F,/ 
and any point I in the straight line AB so produced. Then, with the radii A I, BI, and the 

A a 


rM=^|~'-CA. 

CFXCP.pi. 
/M=-eX-+ CA; 
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By Theor. II., 

Therefore, by 
equality. 

And, by division, 
Alternately^ 

But 

Therefore 


CP2-CA2::HI2 : PM^ or 



centre F, /, describe mcs intersecting each other ; call the points of intersection E, then E will 
be a point in the curve ; with the same distances another point on the 
other side of the axis may be found. In like manner, by taking any 
other points I, we may find two more points, one on each side of the 
axis, and thus continue till a sufiicient number of points be found to 
describe the curve by hand. By the same process, we may also de- 
scribe the opposite hyperbolas. 

Coroll. 2. Because is a fourth proportional, CA, CF, CP 

CA ; CF::CP ; CA+FM. 

1089. Theorem VI. As the square of the semUtransverse axis is to 
the square of the semi-conjugate^ so is the difference of the squares of any 
two abscissas to the difference of the squares of their ordinates. 

r CA9 : CE2::CP«-CAa : pm^ (/^.436.), 

\CA2 : CE2::CH2-CA2 : hi^. 

CH2_CA2 
HN2; 

CH2-CA2 
CH2-CA2 


CH2-CA5 


ch«-cp2;:HI2 : 
: HI-itrCH^-CP^ : 
: HI2::CA2 : CE2 


HI2-HN2 ; 
HI2-HN2. 



CA2 : cE2::cH2-CP^:: HI 2 -HN 2 . 


Coroll. 1. If IH be produced to K, and CQ, be made equal to CP, then will CH^— 
CP2=(CH+CP)(CH-CP) = (CP+CH)PH ; and HI2-HN2=(HI + HN)(HI- 
HN)=(HI + HN)NI. Therefore the analogy resulting becomes 

CA2 : CE2::(CP+CH)PH : (HI + hn)NI. 

So that the square of the transverse axis is to the square of the conjugate, or the square of 
the semi-transverse is to the square of the semi-conjugate, as the rectangle of the sum and 
difference of the two ordinates from the centre is to the rectangle of the sum and differ- 
ence of these ordinates. 

1090. Theorem VII. If a tangent and an ordinate be drawn from any point in an hyper* 
holxi to meet the transverse arts, the semUtransverse axis will be a mean 
proportional between the distances of the two intersections from the 
centre. 

For 4370 CE2 : CA2: :(IH + HN)IN:: (PC + CH)HP ; 

And by Theor. I., CE^ : CA^: : PM^ : CP2- CAS ; 

By equaUty, PIM 2 : CP^- CA^ :: (IH+ HN) IN : (PC -h 
CH)HP; 

And by similar triangles INM, MPT, IN : NM or PH : : PM : PT 
or CP-CT. 



Therefore, taking the rectangles of the extremes and means of the two 
last equations, and neglecting the common factors, it will be PM(CP 
-CT)(CP+ CH) = (CP2- CA2)(IH+ HN) ; but when IH and PM 
coincide, IH and HN each become equal to PM, and CH equal to 
CP: therefore in the equation substitute 2CP for CP + CH, and 2PM 
for IH + HN, and neglecting the common factors and common terms, 
the result is CT.CP = CA2, or CT : CA;:CA ; CP. 

Coroll. Since CT is always a third proportional to CP, C A ; suppose 
the points P and A to remain constant, the point T will also remain 
all the tangents will meet in the point T which are drawn from the ex- 
tremity of the ordinate M of every hyperbola described on the same 
axis AB. 

1091. Theorem VIII. Four perpendiculars to the transverse axis in- 
tercepted by it and a tangent, teill he proportioncds when the first and last 
have one of their extremities in each vertex, the second in the point of con- 
tact, and the third in the centre. 

Ijot the four perpendiculars be AD, PM, CE, BF (^fig. 438.), 
whereof AD and BF have their extremities in the vertices A and B, 
and the second in the point of contact M of the tangent and the curve, 
and the third in the centre C. 

Then will AD ! PM;;CE : BF. 

For, by Theor. VII., CT : CA::CA ; CP, 

And, by division, CA— -CT I CP— CA;:CT ; CA or CB ; 

That is, AT ! AP \ t CT I CB ; 

By composition, AT '. AT+ APirCT \ CT +■ CB. 

TherefiMe AT : TP::CT : BT. 


Tl 
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But by the similar triangles TAD, TPM, TCE, and TBF, the sides AT, PT, CT, 
and BT are proportional to the four perpendiculars AD, PM, CE, BF. 

Therefore AP ; PM::CE : BF. 



Fig. 439. 


1092. Theorem IX. ‘ T^e two radius vectors meeting the curve in the same point will make 
equal angles with a tangent passing through that poinU {Fig. 439.) g 

For, by Theor. VII., CA ; CP::CT : CA; 

By Cor. 2. Theor. V., CA : CP::CF : CA+ FM; 

By equality, CT : CF: : CA ; CA H FM ; 

By division and composition, CF — CT : CF + CT ; : FM ; 2CA 

+ FM; 

That is, FT ; /T : : FM : /R ; 

And by the similar triangles TFM, T/’H, FT : yT : : FM ; yR. 

ThereforeyR is equal toyM ; consequently the angleyRM is equal 
to the angle yMR : and because yil is parallel to yM, the angle 
FMT is equal to the angle yRM; therefore the angle FMT is 
equal to the angleyRM. 

1093. Problem I. 7b describe an hyperbola by means of the end 

of a ruler moveable on a pin F i_fg fixed in a plane., with one 

end of a string fixed to a point E t« the same plane, and the other ex- 
tremity of the string fastened to the other end C of the ruler, the point 
C oy the ruler being moved towards G in that plane. 

IVhile the ruler is moving, a point D being made to slide 
along the edge of the ruler, kept close to the string so as to keep each of the parts CD, 
DE of the string taught, the point D will describe 
the curve of an hyperbola. 

If the end of the ruler at F (^fig> 441.) be made 
moveable about the point E, and the string be fixed 
in F and to the end C of the ruler, as before, another 
curve may be described in the same manner, which is 
called the opposite hyperbola : the points E and F, 
about which the ruler is made to revolve, are the foci. 

There are many occasions in which the use of this 
conic section occurs in architectural details. For 
instance, the profiles of many of the Grecian mould- 
ings are hyperbolic ; and in conical roofs the forms 
are by intersections such that the student should be 
well acquainted with the methods of describing it. 

1094. Pros. II. Given the diameter AB, tht ab- 
scissa BC, and the double ordinate DE in position and 

magnitude, to describe the hyperbola. ( Fig. 442.) Fig.4< 

Through B draw P’G parallel to DE, and draw DF and EG parallel to AB, 
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Divide DF and DC each into the same number of equal parts, 
and from the points of division in B F draw lines to B, also from 
the points of division in DC draw straight lines to A; then 
through the points of intersection found by the lines drawn 
through the corresponding points draw the curve DB. In like 
manner the curve EB may be drawn so that DBE will form 
the curve on each side of the diameter AB. If the point A be 
considered as the vertex, the opposite hyperbola HAI may be 
described in the same manner, and thus the two curves formed by 
cutting the opposite cones by the same plane will be found. By 
the theorists, the hyperbola has been considered a proper figure 
of equilibrium for an arch whose office is to support a load which 
is greatest at the middle of the arch, and diminishes towards the ^ ^ 

abutments. This, however, is matter of consideration for another part of this work. 





OF THE PARABOLA. 

1095. Definitions. — 1 . The parameter of the axis of a parabola is a third proportional 
to the abscissa and its ordinate. 

2. The focus is that point in the axis where the ordinate is equal to the semi-parameter. 

3. The diameter is a line within the curve terminated thereby, and is parallel to the 

axis. 

4. An ordinate to any diameter is a line contained by the curve and that diameter paral- 

lel to a tangent at the extremity of the diameter. 

A a 2 
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1096. Theorem I. In the parabola, the abscissas are proportional to the squares of their 

ordinates, . , , . , , , 

Let Q,VN {fig. 443.) be a section of the cone passing along the axis, and let the direc- 
trix RX pass through the point Q, perpendicular to Q,N, and let the 
parabolic section be ADI meeting the base QIND of the cone in 
the line DI, and the diameter Q,N in the point H ; also let KML be 
a section of the cone parallel to the base QIN intersecting the plane 
VQ,N in the line KL, and the section ADI in PM. Let P be the 
point of concourse of the three planes Q,VN, K.ML, AHI, and 
let H be the point of concourse of the three planes Q.VN, KM L, 

AHI; then, because the planes VRX and ADI are parallel, and 
the pl^e AQN is perpendicular to the plane ARX, the plane ADI 
is also perpendicular to the plane AQ.N. Again, because the plane 
Q.IN is perpendicular to the plane QVI, and the plane KML is 
parallel to the plane QIN, the plane KML is perpendicular to the 
plane Q,VN: therefore the common sections PM and HI are per- 
pendicular to the plane AQ,N ; and because the plane KML is pa- 
rallel to the plane QIN ; and these two planes are intersected by 
the plane QVN, their common sections KL and QN are parallel. Also, since PM and HI 
are each perpendicular to the plane QVN, and since KL is the common section of the 
planes QVN, KML, and QN in the common section of the planes QVN, QIN ; therefore 
PM and HI are perpendicular respectively to KI and QN. 

Consequently AP ; AH;: PM- I HI^. 

For, by the similar triangles APL, AHN, AP ; AH;; PL ; HN, 

Or AP : AH;;KPx PL ; KPx HN. 

But, by the circle KML, KP x PL = PM2, 

And, by the circle QIN, QH x HNssHI^. ButQH*=KP; 

Therefore KPxHN^HR 

Therefore, by substitution. AP ; AH:;PM‘2 ; HI2. 

CoroU. By the definition of the parameter, which we shall call P, 



AP : PM::PM : P= 


PM2 

Ta» 


And Px AP = 
Therefore P : 


= PMi, or Px AH^HI2. 

P3I:;PM ; AP, or P : HI::HI : AH. 

1097. Theorem II. As the parameter of the axis is to the !>u/n of any two ordinates, so is 
the difference of th^se ordinates to the difference of their abscissas. 

That is, P : HI+PM::HI-PM : AH-AP. 


For since by Cor. Theor. I. 


■{ 


P^ 


PM2 

APt 

HI2 

AH’ 


Multiplying the first of these equations by AP and the second by AH, 

■Px AP = PM2, 

Px AH = HI2. 



they become j 


Subtract the corresponding numbers of the first equation, and P ( AH — AP) = HI2— . PM'^. 
But the difiference of two squares is equal to a rectangle under the sum and difiPerence of 
their sides. 

And HD-P3I2=(HI + PM) (HI -PM). 

Therefore P(AH-AP) = (HI + PM) (HI-PM). 

Consequently P ; HI + PM ; ; HI - PM ; AH - AP ; 

Or, by drawing KM parallel to AH, we have GK=PM + HI, and KI = HI — PM; and 
since PH = AH-AP; P : GK:;KI : PH, or KM. 

Coroll, Hence, because P x KM=GK x KI ; 

And since HH = P x AH ; 

Therefore, by multiplication, KMxHI2=,:GKxKIx AH, or 

AH : KM::HI2 ; GKx KI. 

So that any diameter MK is as the rect^gle of the segments GK, 

KI of the double ordinate GI. From this a simple method has been 
used of finding points in the curve, so as to describe it. 

1098. Theorem III. The distance between the vertex of the curve and 
the focus is equal to one fourth of the parameter. 

Let LG Ifg. 445.) be a double ordinate pa.ssing through the focus, then LG is the 
parameter. For by the definition of parameter AF : FG : : FG : P = 2FG. 

Therefore 2AF=FG = iLG; 

Consequently AF =:JLG. 



Fig. 445. 
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1099. Theorem IV. The radius vector is equed to the sum of the distances between the focus 
and the vertex, and between the ordinate and the vertex, (^Fig. 446.) 

That is, r]Vr= AP+ AF. 

For FP=AP-AF; 

Therefore FP2=AP2-2APx AF+ AF2. 

But, by Cor. Theor. II., PM2= P x AP=4AF x AP. 

Therefore, by addition, FP2+ PM8i= Ap3 + 2AF x AP 

+ AF2 

But by the right-angled tringles, FP2 + P]VI*=;FM2 ; 

And therefore FM2 = AP2 + 2AF x AP + AF^. 

Hence, extracting the roots, FM = AP + AF =2AF + FP ; 

Or by making AG=sAF, FM=GP. 

Coroll. 1. If through the point G ifg. 447.) the line GQ be drawn perpendicular to 
the axis, it is called the directrix of the parabola. 

By the property shown in this theorem, it appears that if any line QM be drawn parallel 
to the axis, and if FM be joined, the str^ght line FIM is equal to QjVI ; for QM is equal 
to GP. 

Coroll. 2. Hence, also, the curve is easily described by points. Take AG equal to AF, 
{fig, 447.), and draw a number of lines M, M perpendicular to the axis AP ; then with the 
distances GP, GP, &c. as radii, and from F 
as a centre, describe arcs on each side of AP, 
cutting the lines MM, MM, &c. at 3IM,&c. ; 
then through all the points M, M, M, &c. 
draw a curve, which will be a parabola. 

1100. Theorem Jf a tangent be drawn 
from the vertex of an ordinate to meet the axis 
produced, the subtangent PT (^^.448.) will 
he equal to twice the distance of the ordinate 
from the vertex. 

If MT be a tangent at M, the extremity of tho ordinate PM ; then the sub-tangent PT 
is equal to twice AP. For draw MK parallel to AH, 

Then, by Tlieor. II.. KM : KI : ; GK : : P ; 

And as MKI, TPM are similar, KM : KI : : PT : PM. 

Therefore, by equality, P : PM::GK PT ; 

And by Cor. Theor. I., P : PM:: PM : AP. 

Therefore, by equality, AP ; PT::PM : GK. 

But when the ordinates HI and PM coincide, MT will become a tangent, and GK will 
become equal to twice PM. 

Therefore AP : PT::P3I : 2PM, or 
PT=2AP. 

From this property is obtained an easy and accurate method of drawing a tangent to any 
point of the curve of a parabola. Thus, let it be re- 
quired to draw a tangent to any point M in the curve. 

Produce PA to T {fig, 449.), and draw MP perpendi- 
cular to PT, meeting AP in the point P. Make AP 
equal to AP, and join MT, which will be the tangent 
required. 

1101. Theorem VI. The radius vector is equal to 
the distance between the focus and the intersection of a 
tangent at the vertex of an ordinaie and the axis pro^ 
duced. 

Produce PA to T {fig, 450.), and let MT be a tangent at M ; then will FT= FM. 

For FT-=AF+AT; 

But, by last theorem, AP=AT; 

Therefore FT= A F + A P. 

But, by Theorem III., F3I=AF+ AP; 

Therefore, by equality, FM=FT. 

Coroll. 1. If MN be drawn perpendicular to MT to meet the axis in N, then will 
FN=FM = FT. For draw FH perpendicular to MT, and it also bisects j\IT, because 
FM=: FT ; and since HF and MN are parallel, and MT is bisected in H, the line TN will 
also be bisected in F. It therefore follows that FN=FM= FT. 

Coroll. 2. The subnormal PN is a constant quantity, and it is equal to half the para- 
meter, or to 2AF. For since TMN is a right angle. 

Therefore 2APor TP : PM;: PM ; PN. 

But, by the definition of parameter, AP : PM : ; P3I ; P j 
Therefore PN=1P. 

A a 3 



Fig. 450. 


o o q Q_ G Q 

! t i I 




ImV 


t 

Tig. 447. 






Fig, 44tf. 



.^58 


THEORY OF ARCHITECTURE. 


Book II. 


Coroll. 3 . The tangent of the vertex AH is a mean proportional between AF and AP. 
For since FHT is a right angle, therefore AH is a mean proportional between AF and AT ; 
and since AT=AP, AH is a mean proportional between AF and AP. Also FH is a 
mean proportional between FA and FT, or between FA and FM. 

Coroll. 4. The tangent makes equal angles with FM and the axis AP, as well as with 
FC and Cl. 

1102 . Theorem VII. Aline parallel to the axis, intercepted hy a double ordinate and a 
tangent at ike vertex of that ordinate, will be divided by the curve in the same ratio as the line 
itself divides the double ordinate. 

Let QM 451.) be the double ordinate, MT the tangent, AP 
the axis, GK the intercepted line divided by the curve in the point I ; 
then will GI ; IK::MK : Ka 

For by similar triangles MKG, MPT ; MK : KG PM : PT, 

or 2AP; 

By the definition of parameter, P : PM : ; PM ; 2 AP ; 

Therefore, by equality, P t MK::PM : KG ; 

And again, by equality, PM I MK:t2AP I KG; 

And by division, MK i KQ,;;GI ; IK. 


T 



Fig. 451. 


1103. Problem I. To describe a parabola. 

If a thread, equal in length to the leg BC ifig. 452.) of a ■ ■ - i .i 

right angle or square, be fixed to the end C, and the other end ^ | ^ 

of the thread be fixed to a point F in a plan^ then if the 
square be moved in that plane so that the leg AB may slide / ^ 

along the straight line GH, and the point D be always kept / \ 

close to the edge BC of the square, and the two parts FD and / c ^ \ 

DC of the string kept stretched, the point D will describe a U 

curve on the plane, which will be a parabola. 

1104. pROB. IL Given the double ordinate DE and the abscissa BC in position and 
magnitude, to describe a parabola. 

Through B ifigs. 453, 454.) draw FG parallel to DE and DF, and EGparallel to CD. 
p 0 Q Divide DC and 

DF each into ■ ■■ f—- ~ 

\vv\^ the same num- ^ 

^ 

// / ' Vv parts. From 

/// points of 

2 ^ 1 division in DE draw lines to B. Through the points of divi- 

K K sion in DC draw lines parallel to BC, and through the 

\ points of intersection of the corresponding lines draw a curve, 

\ and complete the other half in the same manner ; then will 

\ DBE be the complete curve of the parabola. Die less BC 

- 3 c jg in proportion to CD, the nearer the curve will approach to 

Fig. 459. ^ circle, as in fig. 422. ; and hence we may describe 

the curve for fiiTninishing the shaft of a column, or draw a fiat segment of a circle. 

1105. Prob. III. The same parts being given, to describe the parabola by the intersection 
of straight lines. 

Produce CB to F (_Jig. 455.), and make BF equal to BC. Join FD and FE. Divide 
DF and FE in the same proportion, or f 

into the same number of equal parts. Let ” i 

the divisions be numbered from D to F, « 

and from F to E, and join every two n 

corresponding points by a straight line; 

then the intersection of all the straight d ^ e 

lines will form the parabola required. Fig.4S5. 

1106. Prob. IV. To draw a straight line from a given point in the curve of a parabola, 
which shall he a tangent to the curve at that 


point. 

Let DC (Jig. 456.) be the double or- 
dinate, CB the abscissa to the parabolic 
curve DBC, and let it be required to 
draw a tangent from the point e in the 
curve. Draw ^ parallel to DC, cutting Fig. 456. 

BC in /: produce CB to g, and make Bg equal to B^ and join ge, then will ge be the 
tangent required. In the same manner DH will be found to be a tangent at D. If eK 
be drawn perpendicular to the tangent yc, then willeK be also perpendicular to the curve 
and in the proper direction for a joint in the masonry of a parabolic arch. ’ 
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1107. The uses of the parabolic curve in architecture are many. The theorists say that 
it is the curve of equilibrium for an arch which has to sustain a load uniformly diffused over 
its length, and that therefore it should be included in the depth of lintels and flat arches; and 
that it is nearly the best form for suspension and other bridges, and for roofs. It is also con- 
sidered the best form for beams of equal strength. It may be here also remarked, that it 
is the curve described by a projectile, and that it is the form in which a jet of water is 
delivered from an orifice made in the side of a reservoir. So is it the best curve for the 
reflection of light to be thrown to a distance. In construction it occurs in the intersection 
of conic surfaces by planes parallel to the side of the cone, and is a form of great beauty 
for the profiles of mouldings, in which manner it was much used in Grecian buildings. 


GENERAL METHOD OF DETERMINING THE SPECIES AND OF DESCRIBING CONIC SECTIONS. 

1108. In a conic section, let there be given the abscissa AB 457.), an ordinate BC, 
and a tangent CD to the curve at the ex- 
tremity of the ordinate to determine the 
species of the conic section, and to de- 
scribe the figure. 

Draw AD parallel to BC, and join AC 
(Nos. 1. and 2.). Bisect AC in E, and 
produce DE and AB, so as to meet in F 
when DE is not parallel to AB ; then in 
the case where DE will meet AB or AB 
produced in F, the point F will be the 
centre of an ellipsis or hyperbola. In this 
case produce AF to G, and make FG 
equal to FA ; then if the ordinate BC 
and the centre be upon the same side of 
the apex A, the curve to which the given 
parts belong is an ellipsis ; but if they 
be on different sides of it, the curve is 
an hyperbola. 'When the line DE (No. 

3.) is parallel to AB, the figure is a parabola. 

1109. In a conic section, the abscissa AB 458.), an ordinate BC, and a point D in 
the curve being given, to determine the species of the curve, and thence to describe it. 

Draw CG parallel to AB (Nos. 1. and 2.), and AG parallel to BC. Join AD, and 
produce it to meet CG in e. Divide the ordinate CB in ^ in the same proportion as 
CG is divided, then will Qf \ f^\\ Ce eG. Join and produce it or J'D to meet AB 
or BA in h ; then if the points D and A fall upon opposite sides of the ordinate BC, the 
curve is an ellipsis ; but if D and A fall upon the same side of the ordinate BC, the curve 
will be an hyperbola. If D/ (No. 3.) be parallel to AB, the curve will be a parabola. 
In the case of the ellipsis and hyperbola, AA is a diameter; and therefore we have a dia- 
meter and ordinate to describe the curve. 



Sect. VI. 

DESCRIPTIVE GEOMETRY. 

1110. The term Descriptive Geometry, first used by Monge and other French geometers 
to express that part of the science of geometry which consists in the application of geometrical 
rules to the representation of the figures and the various relations of the Ibnns of bodies, 
according to certain conventional methods, differs from common perspective by the design 
or representation being so made that the exact distance between the different points of the 
body represented can always be found ; and thus the mathematical relations arising from 
its form and position may be deduced from the representation. Among the English writers 
on practical architecture, it has usually received the name of projections from the circum- 
stance of the different points and lines of the body being projected on the plane of re- 
presentation ; for, in descriptive geometry, points in space are represented by their ortho- 
graphical projection on two planes at right angles to each other, called the planes of prtjec- 
tion, one of which planes isSisually supposed to be horizontal, in which case the other is ver- 
tical, the projections being called horizontal or vertical, according as they are on one or 
other of these planes. 

1111. In this system, a point in space is represented by drawing a perpendicular from it 
to each of the planes of projection ; the point whereon the perpendicular falls is the 

A a 4 
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projection of the proposed point. Then, as points in space are the boundaries of lines, so 
their projections similarly form lines, by whose means their projection is obtained ; and by 
the projections of points lying in curves of any description, the projections of those curves 
are obtained. 

1112. For obvious reasons, surfaces cannot be similarly represented; but if we suppose 
the surfece to be represented, covered by a system of lines, according to some determinate 
law, then these lines projected on each of the two planes will, by their boundaries, enable 
us to project the surface in a rigorous and satisfactory manner. 

1113. There are, however, some surges which may be more simply represented ; for a 
plane is completely defined by the straight lines in which it intersects the two planes of 
projection, which lines are called the traces of the plane. So a sphere is completely defined 
by the two projections of its centre and the great circle which limits the projections of its 
points. So also a cylinder is defined by its intersection (or trace) with one of the planes of 
projection and by the two projections of one of its ends ; and a cone by its intersection 
with one of the planes of projection and the two projections of its summit. 

1114. Monge, before mentioned, Hachette, Vallee, and Leroi, are the most systematic 
writers on this subject, whose immediate application to architecture, and to the mechanical 
arts, and most especially to en^neering, is very extensive ; in consequence, indeed, of which it 
is considered of so much importance in France, as to form one of the principal departments of 
study in the Polytechnic School of Paris. A sufficient general idea of it for the architec- 
tural student may be obtained in a small work of Le Croix, entitled, Complement des 
Elemens de Geometrie, In the following pages, and occasionally in other parts of this work, 
we shall detail all those points of it which are connected more immediately with our subject, 
inasmuch as we do not think it necessary to involve the reader in a mass of scientific matter 
connected therewith, which we are certain he would never find necessary in the practice of 
the art whereon we are engaged. 

1115. In order to comprehend the method of tracing geometrically the projections of all 
sorts of objects, we must observe, — I. That the visible faces only of solids are to be expressed. 
II, That the surfaces which enclose solids are of two sorts, rectilinear and curved. These, 
however, may be divided into three classes, — 1st. Those included by plane surfaces, as 
prisms, pyramids, and, generally, similar sorts of figures used in building. 2d. Those 
included by surfaces whereof some are plane and others with a simple curvature, as 
cylinders, cones, or parts of them, and the voussoirs of arches. 3d. Solids enclosed by one 
or several surfaces of double flexure, as the sphere, spheroids, and the voussoirs of arches on 
circular planes. 

1116. First class, or solids with plane surfaces, — The plane surfaces by which these 
solids are bounded form at their junction edges or arrisses, which may be represented by 
right lines. 

1117. And it is useful to observe in respect of solids that there are three sorts of angles 
formed by them. First, those arising from the meeting of the lines which bound the faces 
of a solid. Second, those which result from the concurrence of several faces whose edges 
unite and form the summit of an angle : thus a solid angle is composed of as many plane 
angles as there are planes uniting at the point, recollecting however that their number, 
must be at least three. Third, the angles of the planes, which is that formed by two of the 
faces of a solid. A cube enclosed by six square equal planes comprises twelve rectilineal 
edges or arrisses and eight solid angles. 

1118. Pyramids are solids standing on any polygonal bases, their planes or &ces being 
triangular and meeting in a point at the top, where they form a solid angle. 

1119. Prisms, like pyramids, may be placed on all sorts of polygonal bases, but they rise 
on every side of the base in parallelograms instead of triangles, thus having throughout 
similar form and thickness. 

1120. Though, strictly speaking, pyramids and prisms are polyhedrons, the latter term 
is only applied to those solids whose feces forming polygons may each be considered as the 
base of a separate pyramid. 

1121. In all solids with plane surfaces the arrisses terminate in solid angles formed bv 
several of these surfaces, which unite with one another ; whence, in order to find the prt^ 
jection of the right lines which represent those arrisses, all that we require to know is the 
position of the solid angles where they meet; and as a solid angle is generally composed of 
several plane angles, a single solid angle will determine the extremity of all the arrisses by 
which it is formed. 

1122. Second doss: solids terminated hy plane and curved surfaces. — Some of these, as 

cones for instance, exhibit merely a point and two surfaces, on^ curved and the other flat 
The meeting of these surfaces forms a circular or elliptical arris common to both. The 
projection of an entire cone requires several pomts for the curvature which forms its base 
but a single point only is necessary to determine its summit. This solid may be considered 
as a pyramid with an elliptic or circular base ; ^d to facilitate its projection a polvffon * 
inscribed in the ellipsis or circle, which serves as its base. ^ 



CbIp. L 


BESCKIPTIVE GEOMETRY. 


361 


1 1 23* If the cone is truncated or cut ofilv polygons may in like rnannor be inscribed in 
the curves which produce the sections. 

1 1 24. Cylinders may be considered as prisms whose bases are formed by circles, 
ellipses, or other curves, and their projections may be obtained in a similar manner : that 
is, by inscribing polygons in the curves which form their bases. 

1125. Third class : solids whose surfaces have a double citrvature. — A solid of this sort 
may be enclosed in a single surface, as a sphere or spheroid. 

1 1 26. As these bodies present neither angles nor lines, they can only be represented by 
the apparent curve which seems to bound their superficies. This ciurve may be determined 
by tangents parallel to a line drawn from the centre of the solid perpendicularly to the 
plane of projection. 

1 1 27. If these solids are truncated or cut by planes, we must, after having traced the 
curves which represent them entire, inscribe polygons in each curve produced by the sec- 
tions, in order to proceed as directed for cones and cylinders. 

1128. To obtain a clear notion of the combination of several pieces, as, for instance, of a 
vault, we must imagine the bodies themselves annihilated, and that nothing remains but 
the arrisses or edges which form the extremes of the surfaces of the voussoirs. The whole 
assemblage of material lines which would result from this consideration being considered 
transparent would project upon a plane perpendicular to the rays of light, traces defining 
all these edges that we have supposed material, some foreshortened, and others of the same 
size. These will form the outlines of the vault, whence follow the subjoined remarks. 

I. That in order, on a plane, to obtain the projection of a right line representing the 

arris of any solid body, we must on such plane let fall verticals from each of 
its extremities. 

II. That if the arris be parallel to the plane of the drawing, the line which represents its 
projection is the same size as the original. 

III. That if it be oblique, its representation will be shorter than the original line. 

IV. That perpendiculars by means of which the projection is made being parallel to 
each other, the line projected cannot be longer than the line it represents. 

V. That in order to represent an arris or edge perpendicular to the plane of projection, 

a mere point marks it because it coincides in the length with the perpendiculars of 
projection. 

VI. That the measure of the obliquity of an arris or edge will be found by verticals 
let fall from its extremities. 

1129. In conducting all the operations relative to projections, they are referable to two 
planes, whereof one is horizontal and the other vertical 

PROJECTION OF RIGHT LINES. 


1 130. The projection of a line AB ijig^ 459.} perpendicular to a horizontal plane is ex- 



1131. An inclined line CD {Jig. 460.) is represented on an horizontal or a vertical plane 
by edi c'd', shorter than the line itself, except on a vertical plane, parallel to its proje^ion, 
on the horizontal plane^c^V^^, where it is equal to the original CD 

1132. An inclined line EF (Jig. 461.) moveable on its extremity E, may, by pr^rving 
the same inclination in respect of the plane on which it lies, have its projection successively 
m all the radii of the circle E^ determined by the perpendicular let fall from the point F. 

1133. Two lines GH, IK {Jig. 462.), whereof one is parallel to an horizontal plane and 
the other inclined, may have the same projection m, », upon such plane. Upon a vertical 
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plane perpendicular to mn, the projection of the line GH will be a point g ; and that of the 
inclin^ line IE, the vertical tA, which measures the inclination of that line. Lastly, on a 
vertical plane parallel to mn, the projection i*k' and g'h' will be parallel and equal to the 
original lines. 


FAOJECTlOlt OF SUKFACES. 

1134. What has been said in respect of right lines projected on vertical and horizontal 
planes may be applied to plane sur&ces ; thus, from 
the sur&ce ABCD {^g. 463.), parallel to an hori- | 
zontal plane, results the projection abed of the same | 
size and form. An inclined surface EFGH may 
have* though longer, the same projection as the I 
level one ABCD, ifthe lines of projection AE, BF, | 

DH, CG are in the same direction. 

1135. The level surface ABCD would have for 
projection on vertical planes the right lines ah, b'e', 
because that sur&ce is in the same plane as the 
lines of projection. 

1136. The inclined surfree EFGH will give on 
vertical planes the foreshortened figure bgef of that 
surface; and upon the other the simple line yq, 
which shows the profile of its inclination, because 
this plane is parallel to the side of the inclined sur- 
face. 



Vig. 463 . 


PBOJECTION OF CURVED LINES. 

1137. Curve lines not having their points in the same direction occupy a space which 
brings them under the laws of those of surfrees. The projection of a curve on a plane 
parallel to the surfree in which it lies (Jig. 464.) is similar to the curve. 



1 138. If the plane of projection be not parallel, a foreshortened curve is the result, on 
account of its obliquity to the surface (^g. 465.). 

1139. If the curve be perpendiculu to the plane of projection, we shall have a line 
representing the profile of the surface in which it is comprised ; that is to say, a right 
line if the surface lie in the same plane (^g. 466.), and a curved line if the surfree be 
ctirved (Jig. 467.). 

1140. In order to describe the projection of the curve line ABC (Jig. 467.), if the 
surfece in which it lies is curved, and it is not perpendicular to the plane of projection, 
a polygon must be inscribed in the curve, and from each of the angles of such polygon 
a perpendicular must be let fall, and parallels made to the chords which subtend the arcs. 
But it is to be observed, that this line having a double flexure, we must further inscribe a 
polygon in the curvature which forms the plane abc of the sur^e wherein the curved linA 
lies. 

1141. The combination and developement of all the parts which compose the curved 
surfrees of vaults being susceptible of representation upon vertical and horizontal planes by 
right or curve lines terminating their surfaces, if what has been above stated be thoroughly 
understood, it will not be difficult to trace their projections for practical purposes, 
whatever their rituation and direction in vaults or other surfaces. 
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PROJECTION OF SOLIDS, 

1142. The projections of a cube ABCDEFGH placed parallel to two planes, one 
horizontal and the other vertical, are squares whose sides represent faces perpendicular to 
these planes 468.), which are represented by corresponding small letters. 



1143. If we suppose the cube to move on an axis, so that two of its opposite faces 
remain perpendicular to the planes {jig. 469.), its projection on each will be a rectangle, 
whose length will vary in proportion to the difference between the side and the diagonal 
of the square. The motion of the opposite arrisses will, on the contrary, produce a 
rectangle whose width will be constant in all the dimensions contained of the image of 
the perfect square to the exact period when the two arrisses unite in a single right line, 

1144. A cylinder {jig. 470.) stands perpendicularly on an horizontal plane, and on such 
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1145. The projection of an inclined cylinder 471.) is shown on a vertical and 
horizontal plane. 

1146. In Jig. 472. we have the representation of a cube doubly inclined, so that the 
diagonal from the angle B to the angle G is upright. The projection produced by this 
position upon an horizontal plane is a regular hexagon acbefg, and upon a vertical plane the 
rectangle Begc whose diagonal is upright ; but as the elfect of perspective changes the 
effect of the cube and its projections, it is represented geometrically in Jig. 473. 

1 147. In Jigures 474. and 475. a pyramid and cone are represented with their pro- 
jectins on horizontal and vertical planes. 

n48.Fi^. 476. represents a bil or sphere with its projections upon two planes, one 



Fig. 474. Fig. 475. Pig. 476. 


vertical and the other horizontal, wherein is to be remarked the perfection of this solid, 
seeing that its projection on a plane is always a circle whenever the plane is parallel to the 
circular base formed by the contact of the tangents. 

DEVELOPEMENT OF SOLIDS WHOSE SURFACES ARE PLANE. 

1149. We have already observed that solids are only distinguished by their apparent 
faces, and that in those which have plane surfaces, their faces unite so as to form solid angles. 
We have also observed that at least three plane angles are necessary to form a solid angle ; 
whence it is manifest that the most simple of all the solids is a pyramid with a triangular 
base, which is formed by four triangles, whereof three are united in the angles at its apex. 

Fig. 417.) 

1150. The developement of this solid is obtained by placing on the sides of the base. 


Fig. 477. Fig. 479. Fig. 481. 



r 


Fig. 478. Fig. 480. Fig. 482. 

the three triangles whose faces are inclined (^Jig. 478.); by which we obtain a figure 
composed of four triangles. To cut this out in paper, for instance, or any other flexible 
material, after bending it on the lines ah, be, ac, which form the triangle at the base, the 
three triangles are turned up so as to unite in the summit. 

DEVELOPE3IEKT OF REGULAR POLYHEDRONS. 

1151. The solid just described formed of four equal equilateral triangles, as we have 
seen, is the simplest of the five regular polyhedrons, and is called a tetrahedron, from its 
being composed of four similar faces. The others arc — 
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The hexahedron^ or cube whose faces are six in number ; 

The octahedron, whose &ces are eight equilateral triangles ; 

The dodecahedron, whose faces are twelve regular pentagons ; 

The icosahedron, consisting of twenty equilateral triangles. 

These five regular polyhedrons are represented by the figures 477. 479, 4S0, 481, and 482., 
and their developement by th.Q figures 478. 483, 484, 485, and 486. 


Fig. 486. 



1152. The surfaces of these developements are so arranged as to be capable of being 
united by moving them on the lines by which they are joined. 

1153. It is here proper to remark, that the equilateral triangle, the square, and the 
pentagon, are the only figures which will form regular polyhedrons whose angles and sides 
are equal; but by cutting in a regular method the solid angles of these polyhedrons, 
others regularly symmetrical may be formed whose sides will be formed of two similar 
figures. Thus, by cutting in a regular way the angles of a tetrahedron, we obtain a poly- 
hedron of eight faces, composed of four hexagons and four equilateral triangles. Similarly 
operating on the cube, we shall have six octagons, connected by eight equilateral triangles, 
forming a polyhedron of fourteen faces. 

1154. The same operation being performed on the octahedron also gives a figure of 
fourteen faces, vt-hereof eight are octagons and six are squares. 

1 1 55. The dodecahedron so cut produces twelve pentagons united by twenty hexagons, 
and having thirty-two sides. This last, from some points of view, so approaches the 
figure of the sphere, that, at a little distance, it looks almost spherical. 

DEVELOPESIE^T OF PYRAMIDS AKD PRISMS. I 

1156. The other solids whose surfaces are plane, whereof mention has already been 
made, are pyramids and prisms, partaking of the tetrahedron and cube ; of the former, 
inasmuch as their sides above the base are formed by triangles which approach each other 
so as together to form the solid angle which is the summit of the pyramid ; of the latter, 
because their faces, which rise above the base, are formed by rectangles or parallelograms 
which preserve the same distance from each other, but differ, from their rising on a poly- 
gonal base and being undetermin^^as to height. 

1 157. This species may be regular or irregular, they may have their axes perpendicular 
or inclined, they may be truncated or cut in a direction either parallel or inclined to their 
bases. 

1158. The developement of a pyramid or right prism, whose base and height are given, 
is not attended with difficulty. Tlie operation is bv raising on each side of the base a triangle 
equal in height to the inclined face, as in the pyramidal figures 487. and 488., and a 
rectangle equal to the perpendicular height if it be a prism. 


DEVELOPEMEKT OF AN ‘ OBLIQUE PYRAMID. 

1159. If the pyramid be oblique, as in^^. 489., wherein the length of the sides of each 
triangle can only be represented by foreshortening them in a vertical or horizontal pro- 
jection, a third operation is necessary, and that is founded on a principle common to all 
projections ; viz. that the length of an inclined line projected or foreshortened on a plane, 
depends upon the difference of the perpendicular elongation of its extremities from the plane. 
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whence in aU cases a reetangvlar trianglcy whose vertical eind horizontal prelections give two 
sides, the third, which is the hypatJtenuse, joining them, will express the length of the foreshortened 
line. 



1160. In the appacation of this rule to the oblique pyramid of fig. 489., the position of 
the point P (^fig, 490.) must be shown on the plan or horizontal projection answering to the 
apex of the pyramid, and from this point perpendicular to the face CD on the same side 
the perpendicular P6 must be drawn. Then from the point P as a centre describe the 
arcs B6, Cc, which will transfer upon PG the horizontal projections of the inclined 
arrisses AP, EP, and DP ; and raising the perpendicular PS equal to the height of the 
apex P of the pyramid above the plane of projection, draw the lines So, S6, Sc, which will 
give the real lengths of all the edges or arrisses of the pyramid. 

1161. We may then obtain the triangles which form the developement of this pyramid, 
by describing from C as a centre with the radius Sc, the arc ig, apd from the point D 
another arc intersecting the other in F. Drawing the lines CF, DF, the triangles CFD 
will be the developement of the side DC. To obtain that answering to BC, from the 
points F and C with S6 and Be as radii, describe arcs intersecting in B' and draw B'F and 
CB': the triangle FCB' will be the developement of the face answering to the side Be. 

1162. We shall find the triangle FA'B', by using the lengths SA and BA to find the 
points B' and F, which will determine the triangle corresponding to the face AB, and lastly 
the triangles FDE' and FE'A" corresponding to the faces DE, AE by using the lengths 
86, DE and SA, AE. The whole developement AEDE'A"F, A'B', CBA being l)ent on 
the lines B FcF, CD, DF, and EF will form the inclined figure represented in^^r. 489. 

1163. If this pyramid be truncated by the plane mn, parallel to the base, the contour 
resulting from the section may be traced on the developement by producing Pm from F 
to a, and drawing the lines ah, 6c, cd, de and ea" parallel to A'B', B'C, CD, DE' and E'A". 

1164. But if the plane of the section be perpendicular to the axis, as mo, from the point 
F with a radius equal to Po describe an arc of a circle, in which inscribe the polygon 
ab"c''d'e''a'*. Then the polygon oqtnfo' is the plane of the section induced by the Une mo. 

DEVELOPZaiEXT OF RIGHT AND OBLIQUE PRISMS. 

1 165. In a right prism, the faces being all perpendicular to the bases which terminate 
the solid, the d^elopements are rectangles, consisting of all these faces joined together and 
enclosed by two parallel right lines equal to the contours of the bases. 

1 1 66. "^en a prism is inclined, the faces form different angles with the lines of the 
contours of the bases, whence results a developement whose extremities are terminated by 
lines forming portions of polygons. 

1167. We must first begin by tracing the profile of the prism parallel to its degree of 
inclination 491.). Having drawn the line Cc, which represents the inclined axis of 
the prism in the direction of its length, and the lines AD, hd, to show the surfaces by 
which it is terminated, describe on such axis the polygon which forms the plane of the 
prism h, t, 6, 1, m perpendicular to the axis. Producing the sides hi, kn parallel to the axis 
to meet the lines AD, bd, they will give the four arrisses of the prism, answering to the 
angles ht n, k, I ; and the line Cc which loses itself in the axis will give the arrisses im. 

1168. It must be observed, that in this profile the sides of the polygon h, i, k, I, m give 
the width of the faces round the prism, and the lines A6, Cc, Dd their length. From this 
profile follows the horizontal projection {fg. 492.) wherein the lengthened polygons repre- 
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sent the bases of the prism. In order to obtain the developement of this inclined prism, 
so that being bent up it may form the figure, fi:om the middle of Cc, /ig. 491 . a perpendicular 
o, p, q must be raised, produced to I, I', fig. 493. ; on this line must be transferred the 
widths of the faces shown by the polygon ft, i, ft, I, m, n, ot fig. 491. in I, ft, i, h, n, m, V, 
fig. 493. : through these points parallel to the axis, lines are to be drawn, upon which jD 
of fig. 491. must be laid from I to E, from ft to D, and from V to '£,',fig. 493. ; pC,fig. 491., 
must be laid from i to C, and from in to F m_/^. 493. 

oA, fig. 491., is to be laid from A to B and from n to A, fig. 493., which will give ' 
the contour of the developement of the upper part by drawing the lines ED. 
pCB, BA, AFE',/<7. 492. 

To obtain the contour of the base, qd otfig. 491. must be transferred from I to q, from ft 
to d, and from I' to e', fig. 493. 

pc tiamfig. 491. from i to c and from m to/ (/p. 493.) ; lastly, ob ot fig. 16. must 
be transferred from h to b and from n to o (fig. 493.) and drawing the lines ed, 
bed, ba, and afe', the contour will be obtained. 

1 169. The developement will be completed by drawing on the faces BA and ba, elongated 
polygons similar to ABCDEF and abedef otfig. 491. and of the same size. 

DEVELOPEMENT OF SIGHT AND OBLIQUE CTLINDEKS. 

1 170. Cylinders may be considered as prisms whose bases are formed by polygons of an 
infinite number of sides. Thus, graphically, the developement of a right cylinder is ob- 
tained, by a rectangle of the same height, having in its other direction the circumference of 
the circle which serves as its base measured by a greater or less number of equal parts. 

1 171. But if the cylinder is oblique (fig. 494.), we must take the same measures as for 



the prism, and consider the inclination of it. Having described centrally on its axis the 
circle or ellipsis which forms its perpendicular thickness in respect of the axis, the circum- 
ference must be divided into an equal number of equal parts, as, for instance, twelve, 
beginning from the diameter and drawing from the points of division the parallels to the 
axis HA, bi, eft, dl, em,fm, GO, which wiU give the projection of the bases and the General 
developement. ^ 


1 1 72. For the projection of the bases on an horizontal plane, it is necessary that from 
the points where the parallels mett the line of the base HO, indefinite perpendiculars 
should be let fell, and after having drawn the line H^ O^, parallel to HO, upon these per- 
pendiculars above and below the parallel must be transferred the size of the ordinates of 
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the circle or ellipsis traced on the axis of the cylinder, that is, p\ and ^10 to i'if and 
t'lO t ^ and ^9 in and Uq, &c. In order to avoid unnecessary repetition, the Jigs. 494, 
495, 496. are similarly figured, and will by inspection indicate the corresponding lines. 

1173. In the last figure the line E'E' is the approximate developement of the circum- 
fer^ce of the circles which follow the section DE perpendicular to the axis of the cylinder, 
divided into 12 equal parts, 494. For which purpose there have been transferred upon 
this line on each side of the point D, six of the divisions of the circle, and through these 

'points have been drawn an equal number of indefinite parallels to the lines traced upon the 
cylinder in ^g. 494. ; then taking the point D' as correspondent to D, the length of these 
Imes is determined by transferring to each of them their relative dimensions, measured 
&om DG in AG for the superior surface of the cylinder, and from DE to HO for 
the base. 

1174. In respect of the two elliptical surfaces which terminate this solid, what has been 
above stated, on the manner of describing a curve by means of ordinates, will render further 
explanation on that point needless. 

DEVELOPEMENT OF RIGHT AND OBLIQUE CONES. 

1175. The reasoning which has been used in respect of cylinders and prisms, is ap- 
plicable to cones and pyramids. 

1176. In right pyramids, with regular and symmetrical bases, the edges or arrisses from 
the base to the apex are equal, and the sides of the polygon on which they stand being 
equal, their developement must be composed of similar isosceles triangles, which in their 
union will form throughout, part of a regular polygon, inscribed in a circle whose inclined 
sides will be the radii. Tims, in considering the base of the cone A'B' iJig. 497.) as a 



regular polygon of an infinite number of sides, its developement becomes a sector of a 
circle A"B"B'"C" {Jig. 498.) whose radius is equal to the side A'C' of the cone, and the 
arc equal to the circumference of the circle which is its base. 

1177. Upon this may be traced the developement of the curves which would result from 
the cone cut according to the lines DX, EF, and GH, which are the ellipsis, the parabola, 
and the hyperbola. For this purpose the circumference of the base of the cone must be 
divided into equal parts ; from each point lines must be drawn to the centre C, representing 
in this case the apex of the cone. Having transferred, by means of parallels, to FF, the 
divisions of the semi-circumference AFB of the plan, upon the line A'B', forming the base 
of the vertical projection of the cone {Jig. 497.) to the points 1'2', Fs', and 4^, which, be- 
cause of the uniformity of the curvature of the circle will also represent the divisions on the 
plan marked 8, 7F', 6, and 5; from the summit C' in the elevation of the cone, the lines 
C'l', C'2' C'F, C'3', C'4' are to be drawn, cutting the plans DI, EF, and GH of the ellipse, 
of the parabohC and of the hyperbola ; then by the assistance of these intersections their 
figures may be drawn on the plan, the first in ly'pTp" ; the second in FE^F' ; the third in 
H^GH" 

1178. To obtain the points of the circumference of the ellipse upon the developement 
(Jig. 498.), from the points », o, p, q, r of the line DI ( Jig. 497 . ), draw parallels to the base 
for the purpose of transferring their heights upon C'B' at^ the points 1, 2, 3, 4, 5. Then 
transfer C7D upon the developement, inC'Ti ,Co , C p ,0^', C'r'" ; and in the same 
order below, C'V'", C"o'"', C"p"", C'Y"'> C'V'"; and CT from C" in I" and I"'. The 
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curve p^ing through these points will be the developement of the circumference of the 
ellipse indicated in jig. 497. by the right line DI, which is its great axis. 

1179. For the parabola 499.) on the side C'A' 497.), draw 6^ and aA ; then 

transfer C’ E on the developement in ; C'g from C' to V' and h '"’ ; C^A, from C" to 

a'" and a'"’ ; and through the points F", a'", E", b"", a"'% trace a curve, which 

^ill be the developement of the parabola shown in Jig. 497. by the line EF. 

1 1 80. For the hyperbola, having drawn through the points m and t, the parallels me, if, 

transfer C'G from C" to and from C" to G'" of the developement, C'e from C" to m' " 
and m"", C'firom C"to i'" and and after having transferred SH' and 6H"of the plan 
to the circumference of the developement, from 3 to H''', and from 6 to H"", by the aid of 
the points H'", i", m"', G" and m"", G"', draw two curves, of which each will be 

the developement of one half of the hyperbola represented by the right lines GH and H'H'', 
Jigs. 497. and 500., and by Jg. 501 . 

1181. The mode of finding the developement of an oblique cone, shown in Jigs. 502, 503, 



504, 505. differs, as follows, from the preceding. 1 . From the position of the apex C upon 
the plan 503., determined by a vertical let fall from such apex in Jig. 502. 2. Because the 

line DI of this figure, being parallel to the base, gives for the plan a circle instead of an 
ellipsis. 3. Because in finding the lengthened extent of the right lines drawn from the 
apex of the cone to the circumference of the base, divided into equal parts, 504. is intro- 
duced to bring them together in order to avoid confusion, these lines being all of a different 
size onaccount of the obliquity of the cone. In this figure the line CC' shows the perpen- 
dicular height of the apex of the cone above the plan ; so that by transferring from each side 
the projections of these lines taken on the plan from the point C to the circumference, we 
shall have CA", Cl, C2, CF'', C3, C4, CB', on one side, and CA', C8, C7, CF, C6, C5, and 
CB" on the other ; lastly, from the point C drawing lines to all these points, they will give the 
edges or arrisses of the inscribed pyramid, by wdiieh the developement in Jig. 505. is obtained. 
Having obtained the point C" representing the apex, a line is to be drawn through it equal 
to CA" (Jig. 504.) ; then with one of the divisions of the base taken on the plan, such as 
Al, it must be laid from the point A of the developement of the section ; then taking C'l 
oi Jig. 504., describe from the point C" another arc which will cross the former, and will 
determine the point 1 of the developement. Continuing the operations with the constant 
length Al and the different lengths C2, CF', C3, &c., taken from Jig. 504. and transferred 
to C"2, C"F, C"3, &c. of the developement, the necessary points wiU be obtained for tracing 
the curve B"AB'", representing the contour of the oblique base of the cone. 

1 1 82. We obtain the developement of the circle shown by the line DI of Jig. 502. parallel 
to that of the base AB, by drawing another line I'D'D T" (Jig. 504.) at the same distance 
from the summit C, cutting all the oblique lines that have served for the preceding de- 
velopement ; and on one side, CD ", Cn, Co, Cp, Cq, Cr, Cl", must be carried to Jig. 505., 
from C" to D ", n, 0 , p, q, r, and on the other ^in C" to n, o, p, q, r, and I"% on Jig. 505. 
The curve line pacing through these points will be the developement of this circle. 

1183. To trace upon the developement the parabola and hyperbola shown by the lines 
EF, GS of Jig, 502., from the points E6a, Gya* draw parallels to the base A B, which, 
transferred to Jig. 504., will indicate upon corresponding lines the real distance of these 
points from the apex C, which are to be laid in jig. 505. from C " to K, h, a, h and a for 

B b 
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Bie pm^Ia; and firom C" to G, «, i on one dde, and on the other to G, m, i, for the 
hyperbola. Each of these is represented in figs. 506. and S07. 


nnvixorEMEira or bodies on solids whose sobfaces hate a dodble cdbvatdee. 

1184. The developement of the sphere and other bodies wh^ surfece has a double 
flexure would be impossible, unless we considered them as consisting of a great number of 
plane feces or of simple curvatures, as the cylinder and the cone. Thus a sphere or spheroid 
imTbe considered,— I. As a polyhedron of a great number of plane ^es formed by 

truncated pyramids whose base is a polygon, as 508. II. By truncated cones, forming 

zones, as in fig. 509. HI. By /?, p 

parts of cylinders cut in gores, ^ / !\ 

forming flat sides that diminish /' |\ 

in width, shown by jij. 510. / I 'i 

1185. In reducing the sphere Fig. sos. / i \ 

or spheroid to a polyhedron 
with flat feces, the develope- 
ment may be accomplished in 
two ways, which differ only by 
the manner in which the faces 
are developed. 

1186. The most simple me- 

thod of dividing the sphere 
to reduce it to a polyhedron is 
that of parallel circles crossed 
by others perpendicular to 
them, and intersecting in two 
opposite points, as in the com- 
mon geographical globes. If, 
instead of the circlei the poly- 
gons are supposed of the same 
number of sides, a liolyliedroiv.tj'.. .j.— — ]<> 
will be the result, similar to 
that represented by fig. 508., 
whose half A DB shows the geo- 
metrical elevation, and AEB 
the plan of it. ^ ^ . 

1187. For the developement, produce Al, 12, 23, so as to meet the produced axis CF m 
order to obtain the summits P, r, D of the truncated pyramids which form the semi.^rfy- 
hedron ADB; then from the points P, q, r, with the radii PA, Pi, q\, q% r2, rS and DS, 
describe the indefinite arcs AB', 16', 16", 2/', 2/", 3y', and 6g, upon which, after having 
transferred the divisions of the demi-polygons AEB, le6"', 2e'5"', Sc', 4 , from all the 
transferred points, as A, 4', 5', 6', 7', 8', 9', B', for each truncated pyramid draw Imes to the 
summits PgrD, and other lines which will form inscribed polygons m each of the arcs AB , 
lb', lb", &c. These lines will represent for each band or zone the faces of the truncated 

pyraimds whereof they are part. ^ ^ • j ji i» u • j 

1 1 88. We may arrive at the same developement by raising upon the puddle oi each side 
of the polygon AEB indefinite perpendiculars, upon which must be laid the height of the 
feces of the elevation in 1, 2, 3, 4; through which points draw parallels to the base, upon 
which transfer the widths of each of the feces taken on the plan, whereby trapezia will be 
formed, and triangles similar to those found in the first developement, but ranged in another 
manner. This last developement, which is called in gores, is more suitable for geographical 
globes the other method, for the formation of the centres, moulds, and the like, of spherical 

™n^9. The developement of the sphere by conic zones (^fig. 509.) is obtained by the 
same process as that by truncated pyramids, the only difference being, that the develope- 
ment of the arrisses AB, 16, 2/, Sg, are arcs of circles described from the summits of cones, 

instead of being polygons. jj. *• cva 

1190. The developement of the sphere reduced to portions of cylinders cut m gores 
(fig. 510.) is conducted in the second manner, but instead of joining with lines the points 
h, i,lt, d, (fig. 508.) they must be united by a curve. This last method is useful in 
d’raUIig’the caissons or pannels in spherical or spheroidal vaults. 

OF THE ANGLES OF PLANES OB SOBFACES BY WHICH SOLms ABE BOUNDED. 

1191. In considering the formation of solids, we have already noticed three sorts of 
angles, viz. plane angles, solid angles, and the angles of planes. The two first have been 
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treated of in the preceding sections, and we have now to speak of the third, which must 
not be confounded with plane angles. Of these last, we have explained that they are 
formed by the lines or arrisses which bound the faces of a solid ; but the angles of planes, 
whereof we are about to speak, are those formed by the meeting of two surfaces joining in 
an edge. 

11^. The inclination of one plane ALDE to another ALCB 511.) is measured 
by two perpendiculars FG, FH raised upon each of these planes 
from the same point F of the line or arris AL formed by their 
union. 

1 1 93. It is to be observed, that this angle is the greatest of all 
those formed by lines drawn from the point F upon these two 
planes ; for the lines FG, FH being perpendicular to AL, common 
to both the planes, they will be the shortest that can be drawn from 
the point F to the sides ED, BC, which we suppose parallel to 
AL ; thus their distance GH will be throughout the same, whilst 
the lines FI, FK will be so much the longer as they extend beyond 
the perpendiculars FG, FH, and we shall always have KI equal to GH, and conse- 
quently the angle IFK so much smaller than GFH as it is more distant. 

1 1 94. Thus, let a rectangular surface be folded perpendicularly to one of its sides so that 
the contours of the parts separated by the fold may fall exactly on each other. If we raise 
one of them, so as to move it on the fold as on a hinge, and so as to make it form all degrees 
of angles, we shall see that each of the central extremities of the moveable part is always in 
a plane perpendicular to the part that is fixed. 

1 1 95. This property of lines moving in a perpendicular plane, furnishes a simple method 
of finding the angles of planes of all sorts of solids whose vertical and horizontal projec- 
tions or whose developements are known. 

1 1 96. Thus, in order to find the angles formed by the tetrahedron or pyramid on a tri- 
angular base 477.), we must for the angles of the base with the sides, let fall from 
the angles ABC perpendiculars to the sides ac, cZ», and ah^ which meet at the centre of the 
base in D. It is manifest from what has just been said on this subject, that if the three 
triangles are made to move, their angles at the summit A, B, C will not be the vertical 
planes shown by the lines AD, DB, DC, and that they will meet at the extremity of the 
vertical, passing through the intersection of these planes at the point D. Thus we obtain 
for each side a rectangular triangle, wherein two sides are known, namely, for the side c&, 
the hypothenuse edy and the side cD. Thus raising from the point D an indefinite per- 
pendicular, if from the point e with eB for a radius an arc is described cutting the per- 
pendicular in d, and the line de be drawn, the angle d^D will be that sought, and will be 
the same for the three sides if the polyhedron be regular ; otherwise, if it is not, the 
operation must be repeated for each. 

1197. These angles maybe obtained with great accuracy by taking dc, or its equal eB, 
for the whole sine ; then de : eD : : sine : sine 1 9*^ 28', whose complement 70'^ 32' will, if 
the polyhedron be regular, be the angle sought. In this case, all the sides being equal, 
and each being capable of serving as base, the angles throughout are equal. In respect 
of the cube {Jigs. 479. and 483.) whose faces are composed of equal squares, and whose 
angles are all right angles, it is evident that no other angles can enter into their com- 
bination with each other. 

1 1 98. To obtain the angle formed by the faces of the octahedron {Jig. 480. ) from the 
points C and D ; with a distance equal to a vertical dropped upon the base of one of the 
triangles of its developement ( 484.), describe arcs crossing each other in F ; and the 
angle CFD will be equal to that formed by the faces of the polyhedron, and will be found 
by trigonometry to be 70° 32'. In the dodecahedron {fig. 481.), the angle formed by the 
faces will be found by drawing upon its projection the lines DA, and producing the side 
B to E, determined by an arc made from the point D with a radius equal to BA. The 
angle sought will be found to be 108 degrees. 

1 1 99. For the icosahedron {fig. 482.), draw the parallels Aa, B6, Cc, and after having 
made he parallel and equal to BC, with a radius equal thereto, describe an arc cutting in 
a the parallel drawn from the point A ; the angle ahe will be equal to that formed by the 
sides of the polygon, which by trigonometry is found to be 1 08 degrees, as in the dodeca- 
hedron. 

1200. For the pyramid with a quadrangular base {fig> 487.) the angle of each face with 
the base is equal to PAB or PBA, because this figure, which represents its vertical pro- 
jection, is in a plane parallel to that within which will be found the perpendiculars dropped 
from the summit on the lateral faces of the base. 

1201. In order to obtain the angles which the inclined sides form with one another, 
draw upon the developement {fig. 488.) the line ED, which, because the triangles PEC, 
PCD are equal and isoceles, will be perpendicular to the line PC, representing one of the 
arri^s which are formed. Then from the point D with a radius equal to DF, and 

B b 2 
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from the point C with a radius equal to the diagonal AD (of the square representing 
the square of the base) describe arcs intersecting each other. The angle FDG will be 
the angle sought. We may suppose it taken along the line BC traced in^^. 487. 

1202. In order to obtain the angles formed by the faces of an oblique pyramid 489.), 
through some point q of the axis draw the perpendicular ?no, showing the base oqmq'o* of 
the right pyramid jwpo, whose developement is shown in Jig. 490., by the portion of the 
polygon a, 6", c", e", d", a F. 

1 203. By means of this base and the part developed, proceeding as we have already ex- 
plained for the right pyramid, we shall find the angles formed by the meeting of the &ces, 
and they will differ but little from those of the little polygon oqmq'o'. 

1204. In respect to the angles formed by the feces inclined to the base, that of the fece 
answering to the side Dc of the base is expre^d by the angle A DP of the vertical projec- 
tion, ^ 5 ?. 489. 

1205. As to the other feces, for instance, that which corre^onds to the side AE of the 
base (Jig. 490.), through any point g draw gf perpendicular to it, meeting the line AF, show- 
ing the projection of one of the sides of the inclined face ; upon the developement of this 
fece, expressed by A"E'F, raise at the same distance from the point E' another perpen- 
dicular g'm\ which will give the prolongation of the line shown on the base by Af. If we 
transfer A"wi of the developement upon Am, which expresses the inclination of the arris 
repr^ented by this line, we shall have the perpendicular height mf of the point m above the 
ba%, which, ^ing transferred from Jm” upon a perpendicular to gf^ we shall have the two 
sides of a triangle whose hypothenuse gm” will give m''gfy the angle sought. 

1206. In the oblique prism (Jig. 491.), the angles of the faces are indicated by the plane 
of the section perpendicular to the axis, represented by the polygon kiMmn. 

1207. Those of the sides perpendicular to the plan of the inclination of the axis are 
expressed by the angles Dd&, Abd of the profile in the figure last named. 

1208. In order to obtain the angles formed with the other sides, for mstance CcDd and 
CcA6, draw the perpendiculars csbtj whose projection in plan are indicated by s'V and b't\ 
then upon /c, drawn aside, raise a perpendicular c"c"' equal to cs of the profile, 491. 
Through the point c'" draw a line parallel tofc, upon which, having transferred c's' of the 
projection in plan (Jig. 492.), draw the hypothenuse and it will give the angle «"c"/ 
formed by the fece CcDd with the inferior base. 

1209. To obtain the angles of the face CcA5, raise upon Ft", drawn on one side, a per- 

pendicular equal to bt (Jig. 492.), and drawing as before a parallel to b" through the 
point transfer 6T of Jig. 492. to and drawing t"b'\ the angle t"b"¥ is that 

required. 

1210. As the bases of this prism are parallel, these faces necessarily form the same angles 
with the superior base. 

1211. An acquaintance with the angles of planes is of the greatest utility in the prepara- 
tion of stone, and a thorough acquaintance with it will well repay the architectural student 
for the labour he may bestow on the subject 


Skct. VII. 


>i£NSURAT10K. 

1212. The area of a plane figure is the measure of its surface or of the space contained 
within its extremities or boundaries, without regard to thickness. This area, or the content 
of the plane figure, is estimated by the number of small squares it contains, the sides of 
each whereof may be an inch, a foot, a yard, or any other fixed quantity. Hence the area 
is said to consist of so many square inches, feet, yards, &c., as the case may be. 

1213. Thus if the rectangle to be measured be ABCD (Jig. 512.), and the small square 

E, whose side we will suppose to be one inch, be the measuring d 4 c 

unit proposed ; then, as ofren as such small square is contained in 
the rectangle, so many square inches are said to be contained in the 
rectangle. Here it will be seen by inspection that the number is 
12 ; that the side DC or A B, which is 4 times the length of the 
measuring unit, multiplied by the number of times 3, which the 
length of the measuring unit is contained in AD or BC, will give 
12 for the product. 

1214. Problem I. To Jind the area of a paraUelogram, whether it 
be a squaref a rectangle^ a rhombus^ or a rhomboid. 

Multiply the length by the perpendicular breadth or height, and 
the product will the area. 


s 


,Fig. 51-^. 
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Example 1. Required the area of a parallelogram whose length is 12*25 feet, and 
height 8*5 feet. 

12*25 X 8*5 = 1CH*125 feet, or 104 feet 1^ inches. 

Example 2. Required the content of a piece of land in the form of a rhombus whose ' 
length is 6 *20 chains, and perpendicular height 5 *45. 

Recollecting that 10 square chains are equal to a square acre, we have, 

6*20 X 5*45 = 33*79 and ?^^ = 3*379 acres, which are equal to 3 acres, 1 rood, 
20 y®^ perches. 

Example 3. Required the number of square yards in a rhomboid whose length is 37 
feet, and breadth 5 feet 3 inches (*=5*25 feet). 

Recollecting that 9 square feet are equal to 1 square yard, then we have 

37 X 5-25 = 194 -25, and 3^^=21 -584 yards. 

1215. Problem II. To find the area of a triangle. 

Rule 1. Multiply the base by the perpendicular height, and take half the product for the 
area. Or multiply either of these dimensions by half the other. Tlie truth of this 
rule is evident, because all triangles are equal to one half of a parallelogram of equal 
base and altitude. (See Geometry, 904.) 

Example 1. To find the area of a triangle whose base is 625 feet, and its perpendicular 
height 520 feet. Here, 

625 X 260 = 162500 feet, the area of the triangle. 

Rule 2. When two sides and their contained angle are given : multiply the two given 
sides together, and take half their product ; then say, as radius is to the sine of the 
given angle, so is half that product to the area of the triangle. Or multiply that 
half product by the natural sine of the said angle for the area. This rule is founded 
on proofs which will be found in Chap. IV., on which it is unnecessary here to say 
more. 

Example. Required the area of a triangle whose sides are SO and 40 feet respectively, 
and their contained angles 28® 57'. 

By natural numbers : — - 

First, J X 40 X 30= 600. 

Then, 1 ; 600;: *484046 (sin. 28® 57') : 290*4276. 

By logarithms : — 

Sin. 28® 57' = 9-684887 

Log. of 600= 2*778151 

2*463038 = 290*4276, as above. 


Rule 3. When the three sides are given, take half the sum of the three sides added to- 
gether. Then subtract each side severally from such half sum, by which three re- 
mainders will be obtained. Multiply such half sum and the three remainders 
together, and extract the square root of the last product, which is the area of the 
triangle. This rule is founded on one of the theorems in Trigonometry to be found 
in the section relating to that branch of the subject. 

Example. Required the area of a triangle whose three sides are 20, 30, and 40. 

20 + 30 + 40 = 90, wh.ose half sum is 45. 

45 — 20=25, first reminder ; 45 — 30=15, second remainder ; 45 — 40 = 5, third 
remainder. 

Then, 45 x 25 x 15 x 5 = 84375, whose root is 290*4737, area required. 

1216. Problem III. To find the area of a trapezoid. 

Add together the parallel sides, multiply their sum by the perpendicular breadth or dis- 
tance between them, and half the product is the area. (See Geometry, 932.) 

Example I. Required the area of a trapezoid whose parallel sides are 750 and 1225, 
and their vertical distance from each other 1 540» 

1225 + 750 X 770= 1520750, the area. 

Example 2. Required the area of any quadrangular 
figure (/?^. 513.) wherein AP is 110 feet, 

AQ 745 feet, 

AB 11 10 feet, 

CP 352 feet, 

DQ 595 feet. 



Therefore, QB= AB-AQ =1110 - 745 = 365, 

And PQ=AB—AP.-aB = l 110-110 - 365 =635. 

B b 3 
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For PCDQ, S95 + 352 x 635 -=-2 = 300672-5 
For the triangle ACP, 176 x 110— 19360 
For the triangle DQ,B, 108587-5 

Area=428620-0 feet. 


1217. Problem IV. To find tht area of any tra^zium. 

IHride the trapezium into two triangles by a diagonal ; then find the areas of the two 
triangles, and their sum is the area. 

Observation. If two perpendiculars be let fall on the diagonal firom the other two opposite 
angles, then add these two perpendiculars together, and multiply that sum by the diagonal. 
Half the product is the area of the trapezium. 

Example. Required the area of -a trapezium whose diagonal is 42, and the two per- 
pendiculars on it 16 and 18. 

Here," 16 + 18 = 34, whose half =17 ; 

Then, 42 x 17=714, the area. 



1218. PB 0 BI.EM V. To find the area of an irregutar polygon. 

Draw diagonals diviifing the proposed polygon into trapezia and triangles. Then, 
having found the areas of all these separately, their sum will be the content re- 
quired of the whole polygon. b 

Example. Required the content of the irregular 
figure ABCDEFGA {fig. 514.), wherein the 
fiillowing diagonals and perpendiculars are 
given. 

AC=55, GC = 44, B» = 18, Ep = 8, 

FD=52, Gm = 13, GO = 12,Dq=23. 

And 55 X 9 =495 

55x6-5 =357-5 
44 X 11-5 = 506 
52x6 =312 

52 X 4 =208 

1878-5, area required. 

1219. Problem VI. To find the area of a regular polygon. 

Rule 1. Multiply the perimeter of the polygon, or sum of its sides, by the perpendicu- 
lar drawn from its centre on one of its sides, and take half 
the product of the area ; which is in fact resolving the poly- 
gon into so many triangles. 

Example. Required the area of the regular pentagon ABCDE 
(fig. 515.), whose side AB or BC, &c. is 25 ft., and 
perpendicular OP 17-2 ft. 

62-5=half the perimeter, and 62-5 x 17-2 = 1075 
square feet area required- 

Rule 2, Square the side of the polygon, and multiply the square 
by the tabular area or mulftplier set against its name in the 
following table, and the product wiU be the area. This 
rule is founded on the property, that like polygons, being similar figures, are to one 
another as the squares of their like sides. Now the multipliers of the table are 
the respective areas of the respective polygons to a side = 1 ; whence the rule is 
evident. In the table is added the angle OBP in the several polygons. 


Fig. 614. 


Here 



Fig. 515. 


No. of 
Sides. 

Names. 

Multipliers. 

Angle 

OBP. 

3 

Trigon OT equilateral triangle 

0-4330127 

30° 

4 

Tetragon or square 

- 

1-0000000 

45° 

5 

Pentagon - - - 

- 

1 -7204774 

54° 

6 

Hexagon - - - 

- 

2-5980762 

60° 

7 

Heptagon - - - 

- 

3-6339124 

64f° 

8 

Octagon . - - 

- 

4-8284271 

67f 

Kl 

Nonagon - - - 

- 

6-1818242 

70° 

mm 

Decagon . - - 

- 

7-6942088 

72° 


Undecagon 

- 

9-3656399 

73f,° 

la 

Dodecagon 

• 

11-1961524 

75 
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Example. Required the area of an octagon whose side is 20 feet. 

Here 202=400, and the tabular area 4*8284271 ; 

Therefore 4*8284271 x 400 = 1931*37084 feet, area required. 

1220. Problem VII. To find the diameter and circumference of any circle^ either from the 
other. 

Rule 1. As 7 is to 22, or as 1 is to 3*1418, so is the diameter to the circumference. Or 
as 22 is to 7, so is the circumference to the diameter. 

Example. Required the circumference of a circle whose diameter is 9. 

Here 7 ; 22;:9 1 28^; or, — |^ = 28|, the circumference required. 

Required the diameter of a circle whose circumference is 36. 

Here 22 : 7::36 : or, = the diameter required. 

1221. Problem VIII. To find the length of any arc of a circle. 

Rule 1. Multiply the decimal *01745 by the number of degrees in the given arc, and 
that by the radius of the circle ; then the last product will be the length of the arc. 
This rule is founded on the circumference of a circle being 6*2831854 when the 
diameter is 2, or 3*1415927 when the diameter is 1. The length of the whole 
circumference then being divided into 360 degrees, we have 360° * 6*2831854 
;:i°; *01745. 

Example. Required the length of an arc of 30 degrees, the radius being 9 feet. 

Here *01745 x 30 x 9 = 4*7115, the length of the arc. 

Rule 2. From 8 times the chord of half the arc subtract the chord of the whole arc, 
and one third of the remainder will be the length of the arc nearly. 

Example. Required the length of an arc DCE {fig. 516.) whose chord DE is 48, 
and versed sine 18. 

Here, to find DC, we have 242+ 182=5 576 + 324 = 900, 
and V900 = S0=DC. 

TOT, 30 x 8—48 240—48 192 i r xu 

Whence g — = — 2 — =-^-=64, the length of the arc 

required, 

1222. Problem IX, To find the area of a circle. 

Rule 1, Multiply half the circumference by half the diame- 
ter. Or multiply the whole circumference by the whole 
diameter, and take \ of the product. 

Rule 2. Square the diameter, and multiply such square by *7854. 

Rule 3. Square the circumference, and multiply that square by the decimal *07958. 

Example. Required the area of a circle whose diameter b 10, and its circumference 
31*416. 

By rule =78*54. 

By rule 2., 10^ x *7854= 100 x *7854 = 78*54. 

By rule 3., 31 *416 x 31 *416 x *07958 =78*54. 

So that by the three rules the area is 78*54. 

1223. Problem X. To find the area of a circular ring^ or of the space included between 
the circumferences of two circles, the one being contained within the other. 

Rule. The diflference between the areas of the two circles will be the area of the ring. 
Or, multiply the sum of the diameters by their difference, and this product again 
by *7854, and it will give the area required. 

Example. The diameters of two concentric circles being 10 and 6, required the area 
of the ring contained between their circumferences. 

Here 10 + 6 = 16, the sum, and 10—6=4, the difference. 

Therefore *7854 x 16 x 4 = *7854 x 64 = 50*2656, the area required. 

1224. Problem XI. To find the area of the sector of a circle. 

Rule 1 . Multiply the radius, or half the diameter, by half the arc of the sector for the 
area. Or multiply the whole diameter by the whole arc of the sector, and take \ 
of the product. This rule is founded on the same basis as that to Problem IX. 

Rule 2. As 360 is to the degrees in the arc of the sector, so is the area of the whole 
circle to the area of the sector. This is manifest, because it is proportional to the 
length of the arc. 

Example. Required the area of a circular sector whose arc contains 1 8 degrees, the 
diameter being 3 feet. 

By the first rule, 3*1416 x 3 = 9*4248, the circumference. 

360 : 18*.: 9*4248 : *47124, the length of the arc. 

*47124 X 3+'4 = l *41372-5-4= *35343, the area of the sector. 

Bb 4 
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By the second rule, ’7854 x 33=7 *0686, area of the whole circle. 

360 : 18::7*0686 : * 35343 , the area of the sector. 


1225. Problem XII. To find the area of a segment of a circle. 

Rule 1. Find the ar^ of the sector having the same arc with the segment by the last 
problem. Then find the area of the triangle formed by the chord of the segment 
and the two radii of the sector. Take the sum of these two for the answer when 
the segment is greater than a semicircle, and their difference when less than a 
semicircle. 

Example. Required the area of the segment ACBDA 
{fig. 517.), its chord AB being 12, and the radius AE 
or CE 10. 

As AE ; sin. Z D90° : : AD ; sin. 36° : 52|=36'87 degrees 
in the arc AC. 

Their double 73*74 degrees in arc ACB. 

Now, *7854 X 400 = 314*16, the area of the whole circle. 

Theiefore, 360^ T 73*74 : :314*16 : 64*3504, area of the sector 

ACBE. 

Again, ^AE2 — AD2= v'IOO-36= ^64 = 8 = 0^ 

Therefore, AD x DE = 6 x 8 = 48, the area of the triangle 

AEB. 

Hence the sector ACBE (64*350), less triangle AEB (48) 

= 16*3504, area of segment ACBDA. 



Rule 2. Divide the height of the se^ent by the diameter, and find the quotient in the 
column of heights in the following table. Take out the corresponding area in the 
next column on the right hand, and multiply it by the square of the circle’s diameter 
for the area of the segment. This rule is founded on the principle of similar plane 
6gures being to one another as the ^uares of their like lineal dimensions. The 
segments in the table are those of a circle whose diameter is 1. In the first column 
is contained the versed sines divided by the diameter. Hence the area of the 
similar segment taken from the table and multiplied by the square of the diameter 
gives the area of the segment to such diameter. When the quotient is not found 
exactly in the table, a proportion is used between the next less and greater area. 

Example. As before, let the chord AB be 12, and the radius 10 or diameter 20. 

Having found as above DE = 8 : then CE-DE = CD=£lO-8 = 2. Hence 
by the rule CD-r-CF=2-r-20=*l, the tabular height; this being found in 
the first column of the table, the corresponding tabular area is *040875 ; 
then ‘040875 X 20^= *040875 X 400= 16*340, the area nearly the same as 
before. 


Areas of the Segments of a Circle whose Diameter, Unity, is supposed to be 
DIVIDED into 1000 EQUAL PaRTS. 


Hght. 

Area Seg. 

Hght. 

Area Seg. 

Hght. 

Area Seg. 

Hght. 

Area Seg. 

Hght. 

Area Seg. 

Hght 

Area Seg. 

-001 

*000042 

-022 

•004322 

•043 

•011734 

-064 

■021168 

■085 

•0321 86 

■106 

-044522 

*002 

*000119 

•023 

•004618 

•044 

•012142 

•065 

•021659 

•086 

•032745 

•107 

•0451 39 

*003 

•000219 

•024 

•004921 

•045 

•012554 

•066 

•022154 

•087 

•033307 

•108 

•045759 

•004 

•000337 

•025 

•005230 

•046 

•012971 

•067 

•022652 

•088 

•033872 

•109 

•046381 

•005 

•000470 

•026 

•005546 

•047 

•013392 

•068 

•023154 

•089 

■034441 

•110 

■047005 

*006 

•000618 

•027 

•005867 

•048 

•013818 

•069 

•023659 

■090 

■03501 1 

•111 

•047632 

■007 

•000779 

•028 

•0061 94 

•049 

•01 4247 

•070 

•024168 

•091 

•035585 

•112 


•008 

•000951 

•029 

■006527 

•050 

•014681 

•071 

■024680 

*092 

•036162 

•113 

•048SQ4 

•009 

•001135 

•030 

•006865 

•051 

•015119 

•072 

•0251 95 

093 

•036741 

*114 


■010 

•001329 

•031 

•007209 

•052 

•015561 

•073 

■025714 

•094 

•037323 

•115 


•Oil 

■001533 

•032 

•007558 

•053 

•016007 

•074 

■026236 

095 

•037909 

•116 

•0.V)SfV4 

*012 

•001746 

*033 

•007913 

•054 

•016457 

075 

■026761 

•096 ! -038496 

•117 

*051 446 

•013 

•001968 

•034 

•008273 

•055 

•016911 

•076 

•027289 

•097 

•039087 

•118 


•014 

•002199 

•035 

■008638 

•056 

■017369 

•077 

•027821 

098 

•039680 

•119 

•052736 i 

•015 

•002438 

■036 

•009008 

■057 

•017831 

078 

•028356 

099 

•040276 

*120 


*016 

-002685 

•037 

•009383 

•058 

•018296 

079 

•028894 

•100 

•040875 

•121 


■017 

•002940 

•038 

•009763 

■059 

•018766 

•080 

•029435 

•101 

■041476 

•122 


•018 

•003202 

•039 

•010148 

•060 ' -01 9239 

•081 

■029979 

■ 102 : -042080 

-123 

•O.'T^^Ai: 

•019 

•003471 

•040 

•010537 

•061 

■019716 

-082 

030526 

•103 -042687 

*124 


•020 

•003748 

•041 

■010931 

•062 

•020196 

•083 

031076 

•104 

•043296 

•125 


•021 

■004031 

•042 

•01 1 330 

•063 

•020680 

084 

031629 

•105 

■043908 

•126 

•057326 i 
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Hght.jArea Seg. 

Hght. 

Area Seg. 

Hght. 

Area Seg 







•127 

•057991 

-190 

•103900 

•253 

•156149 

■315 

■212011 

■377 

•270951 

•439 

■331850 

•128 

•058658 

•1 91 

•104685 

•254 

•157019 

-.316 

•212940 

•378 

■271 920 

•440 

•332843 

•129 

•059327 

•192 

•105472 

•255 

•157890 

•317 

•213871 

•379 

•272890 

•441 

■333836 

•ISO 

•059999 

•193 

•106261 

•256 

■158762 

•318 

•214802 

■380 

•273861 

•442 

•334829 

•131 

•060672 

•1 94 

•107051 

•257 

•159636 

•319 

•215733 

•381 

•274832 

•443 

•335822 

•1 32 

•061 348 

•195 

•107842 

•258 

■160510 

•320 

•216666 

•3S2 

■275803 

•444 

•336816 

•133 

•062026 

•196 

•108636 

•259 

•161386 

•321 

•217599 

■383 

•276775 

•445 

•337810 

•134 

•062707 

•197 

•109430 

•260 

*162263 

•322 

•218533 

•384 

•277748 

•446 

•338804 

•1 35 

•063389 

•198 

•110226 

•261 

•163140 

•323 

•21 9468 

385 

•278721 

•447 

*339798 

•136 

•064074 

•199 

•111024 

•262 

•164019 

•324 

•220404 

•386 

•279694 

•448 

•340793 

•137 

•064760 

•200 

•111823 

•263 

•164899 

■325 

-221340 

•387 

•280668 

•449 

•341787 

•138 

•065449 

•201 

•112624 

•264 

■165780 

•326 

•222277 

•388 

•281642 

•450 

*342782 

•139 

•066140 

•202 

•113426 

•265 

•1 66663 

•327 

•22321 5 

•389 

•282617 

•451 

•343777 

•140 

•066833 

•203 

•114230 

•266 

•167546 

•328 

-224154 

•390 

•283592 

•452 

•344772 

•141 

•067528 

•204 

•115035 

•267 

•1 68430 

•329 

•225093 

■391 

•284568 

•453 

•345768 

•142 

-068225 

•205 

•115842 

•268 

•169315 

•330 

•226033 

•392 

•285544 

•454 

•346764 

•143 

•068924 

•206 

•116650 

•269 

•170202 

•331 

-226974 

•393 

■286521 

•455 

•347759 

•144 

•069625 

•207 

•117460 

•270 

•171089 

•332 

•227915 

•394 

•287498 

•456 

•348755 

•1 45 

•070328 

•208 

•118271 

•271 

•171971 

■333 

•228858 

•395 

*288476 

•457 

•349752 

•146 

•071033 

•209 

•119083 

•272 

•172867 

•334 

•229801 

•396 

■289453 

•458 

•350748 

•147 

•071741 

•210 

•119897 

•273 

•1 73758 

*335 

■230745 

■397 

•290432 

•459 

■351745 

•148 

■072450 

•211 

•120712 

•274 

•1 74649 

•336 

•231689 

•398 

•291411 

•460 

•.■!52742 

•149 

•073161 

■212 

•1 21529 

•275 

•175542 

•337 

•232634 

■399 

■292390 

•461 

•353739 

•150 

•073874 

•213 

•122347 

•276 

•176435 

•338 

•233580 

•400 

•293369 

•462 

-.354736 

•151 

•074589 

•214 

•123167 

•277 

•177330 

•339 

•234526 

■401 

•294349 

•463 

*355732 

•152 

•075306 

•215 

•123988 

•278 

•1 78225 

•340 

•235473 

•402 

•295330 

■464 

•356730 

•153 

•076026 

■216 

•124810 

•279 

•179122 

•341 

•236421 

•403 

•296311 

•465 

-.357727 

•154 

•076747 

•217 

•125634 

•280 

•180019 

•342 

•237369 

•404 

■297292 

•466 

■358725 

•155 

•077469 

•218 

•126459 

•281 

•180918 

•343 

•238318 

•405 

•298273 

•467 

•35972S 

•156 

•078194 

•219 

•127285 

•282 

•181817 

•344 

•239268 

•406 

•299255 

•468 

•360721 

•157 

•078921 

•220 

•128113 

•283 

•182718 

•345 

•240218 

•407 

•300238 

•469 

•361719 

•158 

•079649 

•221' 

•128942 

•284 

•183619 

•346 

•241169 

•408 

•301220 

•470 

•362717 

•159 

•080380 

•222 

•129773 

•285 

•184521 

•347 

•242121 

•409 

302203 

•471 

•363715 

•160 

•081112 

•223 

•130605 

•286 

•185425 

•348 

•243074 

•410 

•3031 87 

•472 

•364713 

•161 

•081846 

•224 

•131438 

•287 

•1 86329 

♦349 

•244026 

•411 

•304171 

•473 

•365712 

•162 

•082582 

•225 

•1 32272 

•288 

•187234 

•350 

•244980 

'412 

•3051 55 

•474 

•366710 

•163 

•083320 

■226 

■133108 

•289 

•188140 

•351 

•245934 

•413 

•306140 

•475 

•367709 

•164 

•084059 

•227 

•133945 

•290 

•189047 

•352 

*246889 

•414 

•307125 

•476 

•368708 

•165 

•084801 

•228 

•134784 

•291 

•189955 

•353 

•247845 

•415 

■308110 

•477 

•369707 

•166 

•085544 

-229 

•135624 

-292 

■190864 

•354 

•248801 

•416 

•309095 

•478 

•370706 

•1 67 

■0S6289 

•230 

■136465 

•293 

•1 91775 

•355 

•249757 

•417 

•310081 

■479 

•371704 

•168 

•087036 

•231 

•137307 

•294 

•192684 

•356 

-250715 

■418 

■311068 

•480 

•372704 

•169 

•087785 

•232 

•138150 

•295 

•1 93596 

•357 

•251 673 

•419 

•312054 

•481 

•373703 

•170 

088535 

•233 

■138995 

*296 

•194509 

•358 

•252631 

•420 

•313041 

•482 

*374702 

•171 

•089287 

•234 

*1 39841 

•297 

■1 95422 

•359 

■253590 

•421 

■314029 

•483 

■375702 

•172 

•090041 

•235 

•140688 

•298 

•1 96.337 

•360 

•254550 

■422 

■315016 

•484 

•376702 

•173 

•090797 

•236 

•141537 

•299 

•I 97252 

•361 

•255510 

•423 

•316004 

•485 

•377701 

•174 

091554 

•237 

•142387 

•300 

•198168 

•362 

•256471 

■424 

316992 

•486 

•378701 

•175 

•092313 

•238 

•143238 

•301 

•199085 

•363 

•257433 

•425 

■317981 

■487 

•379700 

•176 

093074 

■239 

•1 44091 

•302 

•200003 

•364 

•258395 

■426 

•318970 

•488 

•380700 

•177 

•093836 

•240 

•144944 

■303 

•200922 

•365 

•259357 

•427 

■319959 

•489 

•381699 

•178 

•094601 

•241 

•145799 

•304 

•201841 

•366 

•260320 

■428 

■320948 

•490 

•382699 

•179 

•095366 

•242 

•146655 

•305 

•202761 

•367 

■261284 

•429 

•321938 

•491 

•383699 

•180 

•0961 34 

•243 

•147512 

•306 

•203683 

•368 

■262248 

•430 

•322928 

•492 

•384699 

•181 

■096903 

•244 

•148371 

•307 

•204605 

•369 

■263213 

•431 

•323918 

•493 

•385699 

•1S2 

097674 

•245 

•149230 

•308 

•205527 

■370 

•2641 78 

•432 

■324909 

■494 

•386699 

•183 

•098447 

•246 

•150091 

•309 

•206451 

•371 

•265144 

•433 

•325900 

♦495 

•387699 

•1 84 

■099221 

•247 

•150953 

•310 

•207376 

■372 

•2661 1 1 

•434 

•326892 

•496 

*388699 

•185 

099997 

•248 

•151816 

•311 

■208301 

-373 

•267078 

■435 

•327882 

•497 

•389699 

•186 

•100774 

•249 

•152680 

■312 

•209227 

•374 

•268045 

•436 

•328874 

•498 

*390699 

♦187 

•101553 

■23 ^ 

•153546 

•313 

•210154 

•375 

•26901 3 

•437 

•329866 

•499 

•391699 

*188 

■189 

•102334 

•103116 

•251 

•252 

•154412 

•155280 

•314 

•211082 

•376 

•269982 

■ 

■438 

•330858 

•500 

•392699 
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1226. Pkoblem XIII. To find the area of an ellipsis. 

Rule. Multiply the longest and shortest ^ameter together, and their product by *7854, 
which will give the area required. This rule is founded on Theorem 3. Cor. 2. in 
Conic Sections. (1098, 1100.) 

Example. Required the area of an ellipse whose two ax^ are 70 and 50. 

Here 70 x 50 x *7854 =2748-9. 

1227. Pkobuem XIV. To find the area of any elliptic segment. 

Rule. Find the area of a circular segment having the same height and the same 
vertical axis or diameter ; then, as the said vertical axis is to the other axis (parallel 
to the base of the segment), so is the area of the circular segment first found to the 
area of the elliptic segment sought. This rule is founded on the theorem alluded 
to in the previous problem. Or, divide the height of the segment by the vertical 
axis of the ellipse ; and find in the table of circular segments appended to Prob. 1 2. 
(1224.) the circular segment which has the above quotient for its versed sine ; then 
multiply together this segment and the two axes of the ellipse for the area. 

Example. Required the area of an elliptic segment whose height is 20, the vertical 
axis being 70, and the parallel axis 50. 

Here 20-i-70 = *2857142, the quotient or versed sine to which in the 
table answers the segment *285714. 

Then *285714 x 70 x 50= 648*342, the area required. 

1228. Problem XV. To find the area of a parabola or its segment. 

Rule. Multiply the base by the perpendicular height, and take two thirds of the pro- 
duct for the area. This rule is founded on the properties of the curve already 
described in conic sections, by which it is known that every parabola is | of its 
circumscribing parallelogram. (See 1097.) 

Example. Required the area of a parabola whose height is 2 and its base 12. 

Here 2x12 = 24, and | of 24 = 1 6 is the area required. 

UEKSURATIOK OF SOLIDS. 

1229. The measure of every solid body is the capacity or content of that body, con- 
sidered under the threefold dimensions of length, breadth, and thickness, and the measure 
of a solid is called its solidity, capacity, or content. Solids are measured by units which 
are cubes, whose sides are inches, feet, yards, &c. Whence the solidity of a body is 
said to be of so many cubic inches, feet, yards, &c. as wiU occupy its capacity or space, 
or another of equal magnitude. 

1230. The smallest solid measure in use with the architect is the cubic inch, from which 
other cubes are taken by cubing the linear proportions, thus, — 

1728 cubic inches = 1 cubic foot ; 

27 cubic feet = l cubic yard. 

1231. Problem I. To find the superficies of a prism. 

Multiply the perimeter of one end of the prism by its height, and the product will be the 
sui^ce of its sides. To this, if wanted, add the area of the two ends of the prism. 
Or, compute the areas of the sides and ends separately, and add them together. 

Example 1 . Required the surface of a cube whose sides are 20 feet. 

Here we have six sides ; therefore 20 x 20 x 6 = 2400 feet, the area required. 

Example 2. Required the surface of a triangular prism whose length is 20 feet and 
each side of its end or base 18 inches. 

Here we have, for the area of the base, 

1*5* — •75'2 = (2*25— *5625 = ) 1 *6875^ for the perpendicular of triangle of 
. base; 

and VI ‘6875 = 1 *299, which multiplied by 1 *5 = 1 *948 gives the area of the 
two bases ; 

then, 3 X 20 X 1 *5 + 1 *948 = 91 *948 is the area required. 

Example 3. Required the convex surface of a round prism or cylinder whose length 
is 20 feet and the diameter of whose base Is 2 feet. 

Here, 2 x 3*1416 = 6*2832, 

and 3*1416 x 20=125*664, the convex surfece required. 

1232. Problem II. To find the surface of a pyramid or cone. 

Rule. Multiply the perimeter of the ba^ by the length of the slant side, and half the 
product wUl be the surface of the sides or the sum of the areas of all the sides, or 
of the areas of the triangles whereof it consists. To this sum add the area of the 
or l^se. 

Example 1. Required the surface of the slant sides of a triangular pyramid whose 
slant height is 20 feet and each side of the base 3 feet. 

Here, 20 x 3 (the perimeter) x 3-~2 = 90 feet, the surfece required. 
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Example 2. Required the convex surface of a cone or circular pyramid wliose slant 
height is 50 feet and the diameter of its base feet. 

Here, 8*5 x 3*1416 x 504-2 = 667*5, the convex surface required. 

1 233. Problem III. To find the surface of the frustum of a pyramid or conCi being the lower 
part where the top is cut off by a plane paralld to the base. 

Rule. Add together the perimeters of the two ends and multiply their sum by the slant 
height. One half of the product is the surface sought. Tliis is manifest, because 
the sides of the solid are trapezoids, having the opposite sides parallel. 

Example 1. Required the surface of the frustum of a square pyramid whose slant 
height b 10 feet, each side of the base being 3 feet 4 inches and each side of the 
top 2 feet 2 inches. 

Here, 3 feet 4 inches x 4 = 1 3 feet 4 inches, and 2 feet 2 inches x 4 = 8 feet 8 inches ; 
and ISfeet 4 inches + 8 feet 8 inches = 22. Then 224-2 x 10=110 feet, the surface 
required. 

Example 2. Required the convex surface of the frustum of a cone whose slant height 
is 1 2^ feet and the circumference of the two ends 6 and 8 *4 feet. 

Here, 6 + 8*4 = 14*4 ; and 14*4 x 12*54-2 = 1804-2 = 90, the convex surface required. 

1234. Problem IV. To find the solid content of any prism or cylinder. 

Rule. Find the area of the base according to its figure, and multiply it by the length of 
the prism or cylinder for the solid content. This rule b founded on Prop. 99. 
( Geometry, 980. ). Let the rectangular parallelopipedon be the solid to be measured, 
the small cube P (^fig. 518.) being the measuring unit, its side being 1 inch, 1 foot, &c. 
Let also the length and breadth of the base A BCD, 
and also let the height AH, be divided into spaces equal 
to the side of the base of the cube P ; for instance, 
here, in the length 3 and in the breadth 2, making 3 
times 2 or 6 squares in the base AC each equal to 
the base of the cube P. It is manifest that the paral- 
lelopipedon will contain the cube P as many times as 
the base AC contains the base of the cube, repeated as 
often as the height AH contains the height of the cube. 

Or, in other words, the contents of a parallelopipedon 
is found by multiplying the area of the base by the 
altitude of the solid. And because all prisms and cylin- Fig. sis. 

ders are equal to parallelopipedons of equal bases and 

altitudes, the rule is general for all such solids whatever the figure of their base. 

Example 1 . Required the solid content of a cube whose side is 24 inches. 

Here, 24 x 24 x 24 = 13824 cubic inches. 

Example 2. Required the solidity of a triangular prism whose length is 10 feet and 
the three sides of its triangular end are 3, 4, and 5 feet. 

Here, because ( Prop. 32, Geometry, 907.) 3- + 42=5'^, it follows that the angle cen- 
tred by the sides 3 and 4 is a right angle. Therefore x 10 = 60 cubic feet, 

the content required. 

Example 3. Required the content of a cylinder whose length is 20 feet and its 
diameter 5 feet 6 inches. 

Here, 5*5 x5'5x *7854 = 23*75835, area of base; 

and 23*75835 x 20 = 47*5167, content of cylinder required. 

1235. Problem V. To find the content of any pyramid or cone. 

Rule. Find the' area of the base and multiply that area by the perpendicular height. 
One third of the product is the content. This rule is founded on Prop. 110. 
(Geometry, 991.) 

Example 1. Required the solidity of the square pyramid, the sides of whose base are 
30, and its perpendicular height 25. 

Here, x 25 = 7500, content required. 

Example 2. Required the content of a triangular pyramid whose perpendicular 
height is SO and each side of the base 3. 

Here, ^ = | = 4 *5, half sum of the sides ; 

and 4*5— 3 = 1*5, one of the three equal remainders. (See Trigonometry, 1052.) 
but V4*5 X 1*5 X 1*5 X 1*5 x 304-3^3-897117 x 10, or 38*97117, the solidity 
required. 

Example S. Required the content of a pentagonal pyraimd whose height is 1 2 feet 
and each side of its base 2 feet. 

Here, 1*7204774 (tabular area,Prob. 6. 1218.) x 4 (square of side) = 6 *881 9096 
area of base ; 

Then = 27 *5276384, content required. 
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Example 4. Required the content of a cone whose height is 10| feet and the circum> 
ference of its base 9 feet. 

Here, -07958 (Prob. 9. 1221.) x 81 =6*44598 area of base. 

And 3*5 being J of lOjfeet, 6*44598 x 3*5 =22-56093 is the content required. 

1236. Problem VI. To find the solidity of the fruitum of a c(me or pyramid. 

Add together the areas of the ends and the mean proportional between them. Then 
taking one third of that sum for a mean area and mtiltiplying it by the per« 
pendicular height or length of the frustum, we shall have its content. This rule 
depends upon Prop. 110. (Geometry, 991.). 

It may be otherwise expressed when the ends of the frustum are circles or regular 
polygons. In respect of the last, square one side of each polygon, and also multiply one 
side by the other ; add the three products together, and multiply their sum by the tabular 
area for the polygon. Take one third of the product for the mean area, which multiply 
by the length, and we have the product required. When the case of the frustum of a cone 
is to be treated, the ends being circles, square the diameter or the circumference at each 
end, and multiply the same two dimensions together. Take the sum of the three pro- 
ducts, and multiply it by the proper tabular number, that is, by -7854, when the diameters 
are used, and -07958 when the circumferences are used, and, taking one third of the pro- 
duct, multiply it by the length for the content required. 

Example 1. Required the content of the hrustum of a pyramid the sides of whose 
greater ends are 1 5 inches, and those of the lesser ends 6 inches, and its altitude 
24 feet. 

Here, -5 x -5 = -25, area of the lesser end, 

and 1 -25 X 1 -25 = 1 *5625, area of the greater end ; 

The mean proportional therefore a/ * 25 x 1 *5625= -625. 

. - *25+ -625+ 1-5625 2-4375 oioc 

Agam, — ^ = — = 8125, mean area, 

and *8125 x 24 (altitude) = 19*5 feet, content requiredL 
Example 2. Required the content of a conic frustum whose altitude is 18 feet, its 
greatest diameter 8, and its least diameter 4. 

Here, 64 (area gr.diam.) + 16 (less, diam.) + (8 x 4)= 112, sum of the products; 
and '^^'^’‘^"^’^ -=527-7888, content required. 

Example 3. Required the content of a pentagonal frustum whose height is 5 feet, 
each side of the base 18 inches, and each side of the upper end 6 inches. 

Here, 1 -52 + 1 *5- + ( 1 *5 x *5) = 2*5625, sum of the products ; 

1-7M4-74 (tab. area) x 2 ^25 (sum of products) x 5 required. 

1237. Problem VII. To find the surface of a sphere or any segment. 

Rule 1. Multiply the circumference of the sphere by its diameter, and the product will 
be the surface thereof. This and the rules in the following problems depend on 
Props. 113. and 1 1 4. ( Geometry, 994, 995. ), to which the reader is referred 
Rule 2. Square the diameter, and multiply that square by 3-141 6 for the surfece. 

Rule 3. Square the circumference, then either multiply that square by the decimal 
-3183, or divide it by 3-1416 for the surface. 

Remark. For the surface of a segment or frustum, multiply the whole circumference 
of the sphere by the height of the part required. 

Example 1 . Required the convex superficies of a sphere whose diameter is 7 and 
circumference 22. 

Here, 22 x 7 = 154, the superficies required. 

Example 2. Required the superficies of a sphere whose diameter is 24 inch^. 

Here, 24 x 24 x 3*1416 = 1809-5616 is the superficies required. 

Example 3. Required the convex superficies of a segment of a sphere whose axis is 
42 inches and the height of the segment 9 inches. 

Here, 1 : 3*1416: :42 ; 131*9472, the circumference of the sphere; 
but 131 *9472 X 9 = 1187*5248, the superficies required. 

Example 4. Required the convex surface of a spherical zone whose breadth or height 
is 2 feet and which forms part of a sphere whose diameter is 1 2J feet. 

Here, 1 : 3*1416:: 12-5 : 39'27, the circumference of the sphere whereof 
the zone is a part ; 

and 39*27 x 2 = 78*54, the area required. 

1 238. Problem VIII. To find the solidity of a sphere or ghAe. 

Rule 1. Multiply the surface by the diameter, and take one sixth of the product for the 
content. 

Rule 2. Take the cube of the diameter and multiply it by the decimal *5236 for the 
content. 

Example. Required the content of a sphere whose axis is 1 2. 

Here 12 x 12 x 12 x *5236 = 904*7808, content required. 



Chap. I. 


MECHANICS AND STATICS. 


381 


1239. PROBLEM IX. To find the soUdity of a spherical segment. 

Rule 1. From thrice the diameter of the sphere subtract double the height of the 
segment, and multiply the remainder by the square of the height, lliis product 
multiplied by *0236 will give the content. 

Rule 2. To thrice the square of the radius add the square of its height, multiply the 
sum thus found by the height, and the product thereof by *5236 for the content. 

Example 2. Required the solidity of a segment of a sphere whose height is 9, the 
diameter of its base being 20. 

Here, 3 times the square of the radius of the base = 300 ; 
and the square of its height =81, and 300 + 81=381 ; 

but 381 X 9 = 3429, which multiplied by •5236 = 1795‘4244, the soUdity required. 

Example 2. Required the solidity of a spherical segment whose height is 2 feet and 
the diameter of the sphere 8 feet. 

Here, 8 x 3 — 4 = 20, which multiplied by 4 = 80 ; 
and 80 x •5236 = 41-888, the solidity required. 

It is manifest that the difference between two segments in which the zone of a sphere is 
included will give the solidity of the zone. Tliat is, where for instance the zone is in- 
cluded in a segment lying above the diameter, first consider the whole as the segment of a 
sphere terminated by the vertex and find its solidity ; from which subtract the upper part 
or segment between the upper surface of the zone and the vertex of the sphere, and the 
difference is the solidity of the zone. 

The general rule to find the solidity of a frustum or zone of a sphere is : to the sum of 
the squares of the radii of the two ends add one third of the square of their distance, or the 
breadth of the zone, and this sum multiplied by the said breadth, and that product again by 
1 '5708, is the solidity. 


Sect. VIII. 

MECHANICS AND STATICS. 

1240. It is our intention in this section to address ourselves to the consideration of 
mechanics and statics as applicable more immediately to architecture. The former is the 
science of forces, and the effects they produce when applied to machines in the motion of 
bodies. The latter is the science of weight, especi^ly when considered in a state of 
equilibrium. 

1241. The centre of motion is a fixed point about which a body moves, the axis being 
the fixed line about which it moves. 

1 242. The centre of gravity is a certain point, upon which a body being freely suspended, 
such body will rest in any position. 

1243. So that weight and power, when opposed to oach other, signify the body to be 
moved, and the body that moves it, or the patient and agent. The power is the agent which 
moves or endeavours to move the patient or weight, whilst by the word equilibrium is 
meant an equality of action or force between two or more powers or weights acting against 
each other, and which by destroying each other’s effects cause it to remain at rest. 

PARALLELOGRAM OF FORCES. 

1244. If a body D suspended by a thread is drawn out of its vertical direction by 
an horizontal thread DE 519.), such power neither increases nor di min ishes the effort 
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of the weight of the body ; but it may be easily imagined that the first thread, by being in 
the direction AD, will, besides the weight itself, have to sustain the effort of the power 
that draws it out of the vertical AB. 

1245. If the direction of the horizontal force be prolonged till it meets the vertical, 
which would be in the first thread if it were not drawn away by the second, we shall have 
triangle ADB, whose sides will express the proportion of the weight to the forces of the 
two threads in the case of equilibrium being established ; that is, supposing AB to express 
the weight, AD will express the effort of the thread attached to the point A, and BD that 
of the horizontal power which pulls the body away from the vertical AB. 

1246. These different forces may also he found by transferring to the vertical DH 
520.) any length of line DF to represent the weight of the body. If from the point F 

the parallels FI, FG be drawn in the direction of the threads, their forces will be indicated 
by the lines ID, DG, so that the three sides of the triangle DGF, similar to the triangle 
ADB, will express the proportion of the weight to the two forces applied to the threads. 

1247. Suppose the weight to be 30 lbs. : if from a scale of equal parts we set up 30 
of those parts from D to F 519.), we shall find DG equal to 21, or the pounds of 
force of the horizontal line DE, and 35 for the oblique power ID. 

1248. If the weight, instead of 30 lbs., were 100, we should find the value of the 
forces DG and ID by the proportions of 30 * 21 1 1 100 I a:, where x expresses the force DG. 
The value resulting from this proportion is :r = — — =70. The second proportion 
30 : 35 ; :100 : y, where y represents the effort ID, whose value will be y = 5—^® = 1 16 ’666. 

1249. If the angle ADH formed by AD and DH be known, the same results may be 
obtained by taking D F for the radius, in which case I F = D G becomes the tangent, in this 
instance, of 35 degrees, and ID the secant ; whence 

DF : DI : IF;: radius ; tang. 35 ; sec. 35. 

If ID be taken for the radius, we have 

ID ; IF : FD:: radius : tang. 35 : sin. 35. 

1250. We have here to observe, that in conducting the operation above mentioned a 
figure DIFG has been formed, which is called the parallelogram of the forces, because the 
diagonal DF always expresses a compounded force, which will place in equilibrio the two 
others FI, FG, represented by the two contiguous sides IF, FG. 

1251. Instead of two forces which draw, we may suppose two others which act by push- 
ing from E to D {Jig, 522.) and from A to D. If we take the vertical DF to express the 

weight, and we draw as before the parallels FG and FI in the b g 

direction of the forces, the sides G D and DI of the parallelogram * 

DGFI (Jig. 519.) will express the forces with which the powers 
act relatively to DF to support the body : thus FI == GD the 
weight and two powers which support it will, in case of equi- 
librium, be represented by the three sides of a rectangular tri- 
angle DFI; so that if the weight be designated by H, the 
power which pushes from G to D by E, and that which acts 
from I to D by P, we shall have the proportion H : E ; P ; ; 

DF ; FI ; ID, wherein, if we take DF for radius, it will be 
as radius is to the tangent of the angle FDI and to its secant. 

As a body in suspension is drawn away from the vertical line in which it hangs by a power 

.higher than the body (Jig. 520.), it follows that the oblique forces AB and BC each 
support, independent of any latend efforts, a part of the weight of the body. In order to 
find the proportion of these parts to the total weight, take any distance BD on a vertical 
raised from the centre of the body B to express the weight, and complete the parallelo- 
gram DEBF, whose sides EB, BF will express the oblique forces of the powers A and 
C. These lines, being considered as the diagonals of the rectangular parallelograms LEIB, 
BHF3I, may each be resolved into two forces, whereof one of them, vertical, sustains the 
body, and the other, horizontal, draws it away from the verticals AO, CQ.. Hence IB will 
express the vertical force, or that part of the weight sustained by the power EB, and HB 
that sustained by the other power BF : as these two forces act in the same direction, 
when added together their sum will represent the weight DB. In short, IB being 
equal to HD, it follows that BH + BI = BI + ID, 

1252. As to the horizontal forces indicated by the lines LB and BM, as they are equal 
and opposite they destroy one another. 

1253. It follows, from what has been said, that all oblique forces may be resolved into 
two others, one of which shall be vertical and the other horizontal, by takmg their direction 
for the (fragonal of a rectangular parallelogram. 

1254. In respect of their ratio and value, those may be easily found by means of a scale 
if the diagram be drawn with accuracy ; or by trigonometry, if we know the angles 
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ABD, DBC, which AB and BC form with the vertical BD, by taking successively for 
radius the diagonals BD, BE, and BF. 

1255. In the accompanying diagram, the weight, instead of being suspended by strings 
acting by tension, is sustained by forces which are supposed to 
act by pushing. But as this arrangement makes no alteration 
in the system of forces, we may apply to this figure all that has 
been said with respect to the preceding one. The only diflfer* 
ence is, that the parallelogram of the forces is below the 
weight instead of being above it. Thus ID + IB = BD ex- 
presses the sum of the vertical forces which support the weight, 
and MB and BL the horizontal forces which counteract each 
other. 

1256. In the two preceding figures the direction of the forces 

which act by tension or compression in supporting the weight j 

form an acute angle. In those represented in 521. and the Fig. 523 . 

figure at the side (524.), these directions make an obtuse angle; 
whence it follows that in fig. 521. the force C which draws the weight out of the vertical 
A L, instead of tending to support the weight B, increases its 
eflfect by its tendency to act in the same direction. In order to 
ascertain the amount of this effect upon BD in figs. 521. and 
524., which represents the vertical action of the weight, describe 
the parallelogram BADF, for the purpose of determining the 
oblique forces BA, BF, and then take these sides for the diago- 
nals of the two rectangles LAIB, BIIFM, whose sides BI, BH 
will express the vertical forces, and LB, BM the horizontal 
ones. 

1257. It must be observed that in 521. the force AB 
acting upwards renders its vertical effect greater than the weight 
of a quantity ID, which serves as a compensation to the part 
BH, that the other force BF adds to the weight by drawing 
downwards. Similarly, the vertical effect of the force BE {fig> 

524.) exceeds the expression BD of the weight by a quantity DI, 
to counterpoise the effect BH of the other power BF, which acts downwards; so that in 
both cases we have BD only for the vertical effect of the weight. As to the horizontal 
effects LB and BM, they being equal and in oppo- 
site Sections in both figures, they counteract each 
other. 

1 258. For the same reason that a force can be re- 
solved into two others, those two others may be re- 
solved into one, by making that one the diagonal of a 
parallelogram whose forces are represented by two 
contiguous sides. It is clear, then, that whatever 
the number of forces which affect any point, they 
may be reduced into a single one. It is only neces- 
sary to discover the results of the forces two by two 
and to combine these results similarly two by two, 
till we come to the principal ones, which may be ul- 
timately reduced to one, as we have seen above. By 
such a process we shall find that PY {fig^ 525.) is 
the result of the forces PA, PB, PC, PD, which 
afifect the point P. 

1 259. ITiis method of resolving forces is often of great utility in the science of building, 
for the purpose of providing a force to resist several others acting in different directions but 
meeting in one point. 

OF THE PBOPERTIES OF THE LEVER. 

1260. The lever is an indexible rod, bar, or beam serving to raise weights, whilst it is 
supported at a point by a fulcrum^ or prop, which is the centre of motion. To render the 
demonstrations relative to it easier and simpler, it is supposed to be void of gravity or 
weight. The different positions in which the power applied to it, and the weight to be 
afifected, may be applied in respect of the fulcrum, have given rise to the distinction of 
three sorts of levers. 

I. That represented mfig. 526., in which the fulcrum O is between the power applied 
P and the weight Q. 

II. That represented in fig. 527., in which the weight Q, is placed between the fulcrum 
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O and the pover P, wherein it is to be remarked that the weight and the power act in 
contrary directions. 



Fig. 526. Fig. 527. Fig. 628. 
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III. That represented in Jig. 528., wherein the power P is placed between the weight 
and the fulcrum, in which case the power and the weight act in contrary directions. 

1261. In considering the fulcrum of these three sorts of levers as a third species of 
power introduced for creating an equilibrium between the others, we must notice, 1st, 
That in which the directions of the 

weight and of the powers concur 
in the point R {Jig. 529.). 2d, 

That in which they are parallel. 

1262. In the Brst case, if Irom 
the point R {Jigs. 529. and 530.) 
we draw parallel to these directions 
Om Rn, the ratio of these three 
forces, that is, the power, the weight, 
and the fulcrum, will be as the three 
sides of the triangle OmR, or its 
equal OnR; thus we shall have P 

: Q : R;:mR ; Rn : OR ; and as 
the sides of a triangle are as the 
sines of their opposite angles, by 
taking OR as the radius we shall have 

P : Q: :sin. ORn ; sin. ORm. 

And If from the point O two perpendiculars be let fall, OdO/, on the directions RQ, RP, 
Sin. ORn : sin. ORj»::Odf : O/; 
from which two proportions we obtain 

P ; Q:;Od : Of-, whence Px 0/=Qx Od. 

This last expression gives equal products, which are called the momenta, moments, or quan- 
tities of motion of the force in respect of the fulcrum O. This property is the same for the 
straight as for the angular levers {Jigs. 529. and 530.). As this proportion exists however 
large the angles mRO and ORn of the directions RC^ RP in respect to RO, it follows that 
when it becomes nothing, these directions become parallel without the proportion being 
changed ; whence is derived the following general theorem, found in all works on mechanics : 

If two forces applied to a straight or angvlar lever are in equilibria, they are in an inverse 

rcOio to the perpendiculars let faU from the fulcrum on their lines of direction : or in other words. 
In order that two forces applied to a straight or angvlar lever may he in equilibrio, their momenta 
in respect of the fulcrum must be equal. 

1 263. Since, in order to place the lever in equilibrio, it is sufficient to obtain equal mo- 

menta, it follows that if we could go on increasing or diminishing the force, we might place 
it at any distance we please from the fulcrum, or load it without destroying the equilibrium, 
lliis results fix)m the formula P x Of— Q x Od, 
whence we have 0/= Hence the distance O/ 

is easily found, to which by applying the known force 
P, it may counterpoise the weight Q, applied at the 
distance Od. In respect of the other points, we have 
only to know the perpendiculars O/and Od, for Oo and 
06, which are the arms of the real levers, are deduced 
from the triangles Ofb^ Odn, to which they belong. 

1264. Suppose two levers 531, 532.), whereof 

ABC D V. 
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one is straight and the other angular, and that the weight Q is 100 pounds, the arm DE of 
the lever 6 feet ; its momentum will be 600. Then if we wish to ascertain at what distance 
Of a weight of 60 pounds must be placed so that it may be in equilibrio with the first, we 
shall have 

= — 10 feet, the distance sought. 

1 265. Reciprocally, to find the effect of a force P placed at the point C of the other arm 
of the lever at a known distance from the fulcrum, and marked Oyj in order to counter- 
poise Q, placed at the distance Of, we have the formula P = ; and if we apply this 

formula to the numbers taken in the preceding example, the question will be, to find a 
force which placed at the distance of 10 feet from the fulcrum may be in equilibrio with a 
weight of 100 pounds at the end of the arm of a lever of 6 feet. We must in using the 
formula divide 600 by 10, and the quotient 60 will indicate the effect with which the force 
ought to act. If, instead of placing it in C, it is at B, 12 feet from the fulcrum, the force 
would be which gives 50 ; and lastly, if we have to place it at a point 15 feet from the 
fulcrum, the force would be ®-^® = 40, Thus, in changing the situation of the force to a 
point more or less distant from the fulcrum, we must divide the momentum of the weight 
which is to be supported by the distance from the fulcrum taken perpendicularly to its 
direction. 


OF THE CENTRE OF GRAVITY. 

1266. The centre of gravity of a body is a certain point within it on which the body, if 
freely suspended, will rest in any position ; whilst in other positions it will descend to the 
lowest place to which it can get. Not only do whole bodies tend by their weight to assume a 
vertical direction, but also aU the parts whereof they consist ; so that if we suspend any body, 
whatever be its form, by means of a string, it will assume such a position that the thread 
produced to the internal part of the body will form an axis round which all the parts will 
remain in equilibrium. Every time that the point of suspension of a body is changed, the 
direction of the thread produced exhibits a new axis of equilibrium. But it is to be re- 
marked, that all these axes intersect each other in the same point situate in the centre of the 
mass of the body, supposing it composed of homogeneous parts but sometimes out of the 
mass of the body, as in the case of bodies much curved, this point is the centre of gravity. 

1267. It is therefore easy to perceive that for a body to be in a state of rest its centre of 

gravity must be supported by a vertical force equal to the resultant of all the forces that 
affect it, but acting in a contrary direction. So 520. and 523., the weight supported 

by the forces AB and BC which draw or push, will be equally supported by a vertical 
force represented by the diagonal DB of the paraUelogram which expresses the resultant of 
the forces. 

1268. An acquaintance with the method of finding centres of gravity is indispensable in 
estimating the resistances, strains, and degree of stability of any part of an edifice. There 
arise cases in which we may cast aside all consideration of the form of a body, especially 
too when it acts by weight, and suppose the whole figure collected in the centre of gravity. 
We may also, for the sake of simplifying operations, substitute a force for a weight. 


OF THE CENTRE OF GRAVITY OF LINES. 


1269. A straight line may be conceived to be composed of an infinite number of points, 
equally heavy, ranged in the same direction. After this definition, it is evident that if it 
be suspended by the middle, the two parts, being composed of the same number of equal 
points placed at equal distances from the point of suspension, will be necessarily in equi- 
librium ; whence it follows that the centre of gravity of a right line is in the middle of its 
length. 

1270. The points in a curve line not being in the same direction, the centre of its volume 

cannot be the same as its centre of gravity ; that is to say, that a curve suspended by the 
middle cannot be supported in equilibrio but in two opposite situations ; one when the 
branches of the curve are downwards, and the other when d 


they are upwards, so that the curve may be in a vertical 
plane. 

1271. If the curve is the arc of a circle ADB {jig. 533.), ^ 

it is easy to see that from the uniformity of its curvature, its 
centre of gravity will be found in the right line DC drawn 
from the centre C to the middle D ; moreover, if we draw 
the chord AB, the centre of gravity will be found between 
the points D and E. 

1272. Let us suppose that through all the points of the line DE parallels to the chord 
AB be drawn, terminated on each side by the curve; an<l let us imagine that each of these 
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Unds at its extremities bears corresponding points of the curve ; then the bne HE will be 
loaded with all these weights ; and as the portions of the curre which an^er to each 
parallel AB go on increasing as they approach D, the centre of gravity G will he nearer 
the point D than to the point E. , . , j- -j ... „ 

1273. To determine the position of this point upon the radius CD which divides fte arc 

into two equal parts, we must use the following proportion : the length of ARD is to 

the chord AB, as the radius CD is to the fourth term x, whose value is —^ 5 - • That is, 
in order to obtain upon the radius DC the distance CG of the centre of ^vi^ from 
the centre of the arc of the circle, the chord AB must be multiplied by the radius CD and 
divided by the length of the arc ABD. . . 

1274. When the circumference of the circle is entire, the axes of equilibrium bemg 
diameters, it is manifest that their intersection gives the centre of the curve as the centre ot 
gravity. It is the same with all entire and symmetrical curves which have a centre, ana 
with all combiimtions of right lines which form regular and symmetrical polygons. 




OF THE CENTRE OF GRAVITY OP SURFACES. 

1275. In order that a centre of gravity may be assigned to a surface, we must, as in the 
case of Unes, imagine them to be material, that is, consisting of soUd, homogeneous, and 
heavy particles. 

1276. In all plane smooth surfaces, the centre of gra- 
jj vity is the same as that of the volume 

of space ; thus the centre of gravity 
G {Jigs. 534, 535, 536.), of a square 
of a rectangle, or of a parallelogram, 
is determined by the intersections of 
its diagonals AD, BC. 

The centre of gravity of a regu- 
lar polygon, composed of an equal 
Fi«. 534 . unequal number of sides, is the 

same as that of a circle within which it may be in- 
scribed. , . .. J. 

1277 In order to find the centre of gravity of any 
triangle, bisect each of the sides, and from the points 
of bisection draw lines to the opposite angles ; the 

point of intersection with each other of these lihes will ^ ^ 

be the centre of gravity sought; for in the supposi- •. -j .u r • aw 

tion that the surfece of the triangle is composed of lines parallel to ite sides, the hnes AE, 
BF, and CD (Jig. 537.) will be the axes of equilibrium, whose intersection at G gives 
the centre of gravity. 

We shall moreover find b 

that this point is at one 
third of the distance from 
the base of each of the 
axes ; so that, in fact, it is 
only necessary to draw a 
line from the point of bi- 
seefron of one of the sides 
to the opposite angle, and 
to divide it into three 
equal parts, whereof that 
rarest the base determines 
the centre of gravity of 
the triangle. 

1278. To find the centre of gravity of any irregular rectilmear surfece, such as the 
pentagon, 538., let it be divided into the three triangles, AED, ABC, ADC ^Jig, 538.), 
and by the preceding rule determine their centres of gravity F, G, H. Then draw the 
two lines NO, OP, which form a right angle surrounding the polygon. Multiply the 
area of each triangle by the distance of its centre of gravity on the line ON, indicated by 
Ff, Go, Hh, and divide the sum of these products by the entire area of the pentagon, and 
thb will give a mean distance through which an indefinite line IK parallel to ON is to be 
drawn. Conducting a similar operation in respect of the line OP, we obtain a new mean 
distance for drawing another line LQ parallel to OP, which will intersect the first in the 
point M, the centre of gravity of the pentagon. 

The centre of gravity of a sector of a circle AEBC (Jig^ 539.) must be upon the radii^ 
CE which divides the arc into two equal parts. To determine from the centre C, at 
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what distance the point G is to be placed, we must multiply twice the radius CE by the 
chord AB, and divide the product by thrice the length of the arc AEB. The quotient 
is the distance CG from the centre C of the circle of the centre of gravity of the sector. 

1279. To find the centre of ^ 

gravity of the crown portion of 
an arch DAEBF 540.) 
comprised between two concen- 
tric axes, we must — 

1. Find the centre of gravity 
of the greater sector AEBC, 
and that of the smaller one 
DFG. 

2. Multiply the area of each 
of these sectors by the distance 
of their respective centres of gravity from the common centre C. 

3. Subtract the smaller product from the greater, and divide the remainder by the area 
of DAEBF; the quotient will give the distance of the centre of gravity G from the 



centre C. 

1280. To determine the centre of gravity of the segment AEB ; subtract the product of 
the area of the triangle ABC {jig. 541.) multiplied by the distance of its centre of gravity 
from the centre C, from the product of the area of the sector, 
by the distance of its centre of gravity from the same point C> 
and divide the remainder by the area AEB ; the quotient ex- 
presses the distance of the centre of gravity G of the segment 
from the centre C, which is to be set out on the radius, and 
which divides the segment into two equal parts. 

It would, from want of space, be inconvenient to give the strict 
demonstrations of the above rules ; nor, indeed, is it absolutely 
necessary for the architectural student. Those who wish to 
pursue the subject au fond., will, of course, consult more abstruse works on the matter. 
We will merely observe, that whatever the figure whose centre of gravity is sought, it 
is only necessary to divide it into triangles, sectors, or segments, and proceed as above 
described for the pentagon, 588. 


E 



Fir. 54t. 


OF THE CENTRE OP GRAVITY OP SOLIDS. 

1281. It is supposed in the following considerations, that solids are composed of homo- 
geneous particles whose weight in every part is uniform. They are here arranged under 
two heads, regular and irregular. 

1282. Regular solids are considered as composed of elements of the same figure as their 
base, placed one upon the other, so that all their centres of gravity are in a vertical line, 
which we shall call the right axis. Thus parallelopipeds, prisms, cylinders, pyramids, 
cones, conoids, spheres, and spheroids have a right axis, whereon their centre of gravity is 
found. 

1283. In parallelopipeds, prisms, cylinders, spheres, spheroids, the centre of gravity is 
in the middle of the right axis, because of the similarity and symmetry of their parts 
equally distant from that point. 

1284. In pyramids and cones {fgs. 542, 543.), which diminish gradually from the base 
to the apex, the centre of gravity is at 
the distance of one fourth of the axis 
from the base. 

1 285. In paraboloids, which diminish 
less on account of their curvature, the 
centre of gravity is at the height of one 
third the axis above the b^. 

To find the centre of a pyramid or of 
a truncated cone {figs. 542, 543.), we 
must first multiply the cube of the entire 
cone or pyramid by the distance of its 
centre of gravity from the vertex. 2. 

Subtract from this product that of the 
part MSR which is cut off, by the dis- 
tance of its centre of gravity from the 
apex. 3. Divide this remainder by the 
cube of the truncated pyramid or cone ; 
the quotient will be the distance of the centre of gravity G of the part of the truncated 
cone or pyramid from its apex. 



Cc 2 


n88 


THEORY OF ARCHITECTURE. 


Book II. 


1286. The centre of gravity of a hemisphere is at the distance of three eighths of the 
radius from the centre. 

1287. The centre of gravity of the segment of a sphere {Jig^ 544.) 
is found by the following proportion : as thrice the radius less the 
thickness of the segments is to the diameter less three quarters the 
thickness of the segment, so is that thickness to a fourth term which 
expresses the distance from the vertex to the centre of gravity, set off 
on the radius which serves as the axis. 

1288. Thus, making r= the radius, «= the thickness of the 
segment, and x= the distance sought, we have, according to La 
Caille, — 



Fig. 544. 
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Suppose the radius to be 7 feet, the thickness of the segment S feet, we shall have — 

X ~ gives ar = l +|| = 1 equal the distance 

of the centre of gravity from its vertex on the radius. 

1289. To find the centre of gravity of the zone of a sphere (Jig- 545.), the same sort of 

operation is gone through as for truncated cones and pyramids ; that 
is, after having found the centre of gravity of the segment cut off, and 
that in which the zone is comprised, multiply the cube of each by 
the distance of its centre of gravity from the apex A, and subtract- 
ing the smaller from the larger product, divide the remainder by the 
cube of the zone. Thus, supposing, as before, the radius AC = 7, the 
thickn^s of the zone =2, and that of the segment cut off we 
shall find the distance from the vertex of the centre of gravity of 
this last by the formula which in this case gives F 5 i 5 

and pursuing the investigation, we have 

which will be the distance of the centre of gravity from the vertex A. That of the centre 
of gravity of the segment in which the zone is comprised will, according to the same for- 
mula, be which gives x=2 + for the distance of the centre of gravity 

from the same point A. 

1290. The methods of finding the solidities of the bodies involved in the above inves- 
tigation are to be found in the preceding section, on Mensuration. 




OF THE CENTRE OF GRAVITY OF IRREGULAR SOLIDS. 

1291. As all species of solids, whatever their form, are susceptible of division into 
pyramids, as we have seen in the preceding observations, it follows that their centres of 
gravity may be found by following out the instruc- 
tions already given. Instead of two lines at right 
angles to each other, let us suppose two vertical 
planes NAC, CEF(^g. 546.), between which thesolid 
G is placed. Carrying to each of those planes the 
momenta of their pyramids, that is, the products of 
iheir solidity, and the distances of their centres of 
gravity, divide the sum of these products for each 
plane by the whole solidity of the body, the quotient 
will express the distance of two other planes BKL, 

DHM, parallel to those first named. Their inter- 
section will give a line IP, or an axis of equilibrium, 
upon which the centre of gravity of the solid will 
be found. To determine the point G, imagine a third plane NO F perpendicular to the pre- 
ceding ones, that is, horizontal ; upon which let the solid be supposed to stand. In respect 
of this plane let the momenta of the pyramids be 
found by also multiplying their solidity by the dis- 
tance of their centres of gravity. Lastly, dividing 
the sum of these products by the solidity of the en- 
tire body, the quotient gives on the axis the dis- 
tance PG of this third plane from the centre of 
gravity of the irregular solid. 

Mechanically, where two of the surface of a body 
are parallel, the mode of finding the centre of gravity 
is simple. Thus, if the body be hung up by any 
point A (Jigs. 547, 548.), and a plumb line AB be 

suspended from the same point, it will pass through ^ 
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the centre of gravity, because that centre is not in the lowest point tUl it &11 in the plumb 
line. Mark the line AB upon it ; then hang the body up by any other point D, with a 
plumb line DE, which will also pass through the centre of gravity, for the same reason as 
before. Therefore the centre of gravity will be at C, where the lines cr(^ each other. 

1292. We have, perhaps, pui^ued this subject a little further than its practical utility in 
architecture renders necessary ; but cases may occur in which the student will find our ex> 
tended observations of service. 


OP THE INCLINED PLANE. 


1293. That a solid may remain in a perfect state of rest, the plane on which it stands 
must be perpendicular to the direction of its gravity ; that is, level or horizontal, and the ver- 
tical let &ll from its centre of gravity must not fall out of its base. 

1294. When the plane is not horizontal, solids placed on it tend to slide down or to 
overturn. 

1295. As the surfaces of bodies are more or less rough, when the direction of the centre 
of gravity does not fall without their base, they slide down a plane in proportion to their 
roughness and the plane’s inclination. 

1296. Thus a cube of hard freestone, whose surfaces are nicely wrought, does not slide 
down a plane whose inclination is less than thirty degrees ; and with polished marbles the 
inclination is not more than fifteen degrees. 

1297. When a solid is placed on an inclined plane, if the direction of the centre of 
gravity frdls without its base, it overturns if its surfaces are right surfaces, and if its surface 
is convex it rolls down the plane. 

1298. A body with plane surfaces may remain at rest after having once overturned if the 
surface upon which it falls is sufficiently extended to prevent its centre of gravity falling 
within the base, and the inclination be not so great as to allow of its sliding oil 

1299. Solids whose surfaces are curved can only stand upon a perfectly horizontal plane, 
because one of the species, as the sphere, rests only on a point, and the other, as cylinders 
and cones, upon a line ; so that for their continuing at rest, it b necessary that the vertical 
let fall from their centre of gravity should pass through the point of contact with and be 
perpendicular to the plane. Hence, the moment the plane ceases to be horizontal the 
direction of the centre of gravity falls out of the point or line of contact which serves as the 
base of the solid, and the body will begin to roll ; and when the plane on which they thus 
roll is of any extent they roll with an accelerated velocity, equal to that which they would 
acquire in falling directly from the vertical height of the inclined plane from the point 
whence they first began to roll. 

1 300. To find the force which is necessary to support a convex body upon an inclined 
plane, we must consider the point of contact F 549, 550. ) as the fulcrum of an an- 


p 
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gular lever, whose arms are expressed by the perpendiculars drawn from the frilcrum to the 
direction of the force CP and the weight CD, wluch in the case of^^r. 549., where the for(» 
which draws the body is parallel to the plane, 

P : N::FC : FD. 

Now as the rectangular triangle CFD is always similar to the triangle OSH, which forms 
the plane inclined by the vertical SO and the horizontal line OH, the proportion will stand 
as follows : — 


P : N::OS : SH. 


In the first case, to obtain an equilibrium, the force must he to the weight of the body at the 
height OS of the inclined plane to its length SH. 

1301. In the case where the force is horizontal {fig» 5^.) we have, similarly,-— 

P : N::FA : FD, 
and P: N::OS: OH. 

In this last case, then, the force must be to the weight of the solid in proportion to the height 
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OS tfte indin^iphne to it$ hose OH. In the first ease the pressure of the solid <m the 
plane is ^pressed by OH» and in the second by SH : hence we have — 

F ; N : F::OS ; SH : OH, 
and p : N : F::OS ; SH : OH. 

In the first case it must be observed, that the effect of the force being parallel to the in> 
dined plane, it neither increases nor diminishes the pressure upon that plane ; and this is 
the most &vourable case for keeping a body in equilibrio on an inclined plane. In the 
second case, the direction forming an acute angle with the plane uselessly augments the 
load or weight. Whilst the direction of the force forms an obtuse angle with the in- 
clination of the plane, by sustaining a portion of the weight, it diminishes the load on the 
plane, but require a greater force. 

1302. The force necessary to sustain upon an inclined plane a body whose base is 
formed by a plane surface depends, as we have already observed, on the roughness of the 
surfaces, as well of the inclined plane as of the base of the body ; and it is only to be dis- 
covered by experiments. 

1 303. Of all the means that have been employed to estimate the value of the resistance, 
known under the name of friction, the simplest, and that which seems to give the tru^t 
results, is to consider the inclination of the plane upon which a body, the direction of whose 
centre of gravity does not tall out of the base, remains in equilibrio, as a horizontal plane ; 
after which the degrees of inclination may begin to be reckoned, by which we find that a 
body which does not be^n to slide till the plane*s inclination exceeds 30 degrees, being 
placed on an inclined plane of 45, will not require a greater force to sustmn it than a 
convex body of the same weight on an inclined plane of 1 5 degrees. 

1 304. All that has been said on the force necessary to retain a body upon an inclined plane, 
iS applicable to solids supported by two planes, considering that the second acts as a force 
to counterpoise the first, in a direction perpendicular to the second plane. 

13(^. When the directions of three forces, PG, Q,G, GR, meet in the same point G 
551.), it follows, from the preceding observations on the parallelogram of forces, that 
to be in equilibrium their proportion will be ex- 
pr^sed by the three sides of a triangle formed by 
perpendiculars to their directions ; whence it follows, 
that if through the centre of gravity G of a solid, 
supported by two planes or by some other point of 
its vertical direction, lines be drawn perpendicular to 
the directions of the forces, if equilibrium exist, so will 
the following proportion, viz. P; Q,: R:;BA : BC 
: AC. 

1306. Lastly, considering that in all sorts of tri- 
angles the sides will between each other be as the sines 
of their opposite angles, we shall have P : Q. : R : : sin. 

BCA ; sin. BAG : sin. ABC ; and as the angle BCA is 
equal to the angle CAD, and CBA to BAE, we shall have P : Q. : R;: sin. CAD ; 
sin. BAC I sin. BAE ; that is, that the weight is represented by the sine of the angle formed 
by the two inclined planes, and that the pressures upon each of these planes are reci- 
procally proportional to the sines of the angles which they form with the horizon. 
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THE WHEEI. AND AXLE. 

1307. The wheel and axle, sometimes called the axis in peritrochio, is a ma- 
chine consisting of a cylinder C and a wheel B (^p. 552.) having the same axis, at 
the two extremities of which are pivots on which the wheel 

turns. The power is applied at the circumference of the 
wheel, generally in the direction of a tangent by means of 
a cord wrapped about the cylinder in order to overcome the 
resistance or elevate the weight. Here the cord by which the 
power P acts is applied at the circumference of the wheel, while 
that of the weight W is applied round the axle or another 
small wheel attached to the larger, and having the same axis or 
centre C. Thus BA is a lever moveable about the point C, 
the power P always acting at the distance BC, and the weight 
W at the distance C A Therefore P ; W ; : C A : CB. That 
is, the weight and power will be in equilibrio when the power 
P is to the weight W reciprocally as the radu of the circles 
where they act, or as tiie radius of the axle CA, where th^ 
weight hangs, to the radius of the whe<d CB, where the power 
acts ; or, as l^fore, P ; W ; ; C A : CB. 

1308. If the wheel be put in motion, the spaces moved through being as the circum- 
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ferences, or as the radii, the velocity of W will be to the velocity of P as CA to CB ; that 
is, the weight is moved as much slower as it is heavier than the power. Hence, what is 
gained in power is lost in time ; a property common to machines and engines of every class. 

1309. If the power do not act at right angles to the radius CB, but obliquely, draw 
CD perpendicular to the direction of the power, then, from the nature of the lever, 
p : W::CA ; CD. 

1310. It is to the mechanical power of the wheel and axle that belong all turning or 
wheel machines of different radii; thus, in the roller turning on the axis or spindle 
CE (/(/. 553.) by the handle CBD, the power 
applied at B is to the weight W on the roller, as 
the radius of the roller is to the radius CB of the 
handle. The same rule applies to all cranes, 
capstans, windlasses, &c. ; the power always being 
to the weight as is the radius or lever at which 
the weight acts to that at which the power acts;- 
so that they are always in the reciprocal ratio 
of their velocities. To the same principle are 
referable the gimlet and auger for boring holes. 

1311. The above observations imply that the 
cords sustaining the weights are of no sensible 
thickness. If they are of considerable thickness, 
or if there be several folds of them over one an- 
other on the roller or barrel, we must measure to the middle of the outermost rope for 
the radius of the roller, or to the radius of the roller must be added half the thickness of the 
cord where there is but one fold. 

1312. The wheel and axle possesses considerable advantages in point of convenience 
over the simple lever. A weight can be raised but a little way by a simple lever, whereas 
by the continued turning of the wheel and axle a weight may be raised to any height and 
from any depth, 

1 313. By increasing the number of wheels, moreover, the power may be increased to any 
extent, making the less always 
turn greater wheels, by means 
of what is called tooth and pinion 
work, wherein the teeth of one 
circumference work in the 
rounds or pinions of another to 
turn the wheel. In case, here, 
of an equilibrium, the power is 
to the weight as the continual 
product of the radii of all the 
axles to that of all the wheels. 

So if the power P {Jig. 554.) 
turn the wheel Q, and this turn 
the small wheel or axle R, and 
this turn the wheel S, and this 
turn the axle T, and this turn 
the wheel V, and this turn the 
axle X, which raises the weight 
W; then P : W::CB . DE . 

FG ; AC . BD . EF. And in 
the same proportion is the velocity of W slower than that of P. Thus, if each wheel 
be to its axle as 10 to 1 , then P : W : : 1 : 10^, or as 1 to 1000. Hence a power of one 

pound will balance a weight of 1000 pounds; but when put in motion, the power will 
move 1000 times faster than the weight. 

1314. We do not think it necessary to give examples of the different machines for raising 
weights used in the construction of buildings : they are not many, and will be hereafter 
named and described. 
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OF THE PULLEY. 

1315. A pulley is a small wheel, usually made of wood or brass, turning about a metal 
axis, and enclosed in a frame, or case, called its Woc^, which admits of a rope to pass freely 
over the circumference of the pulley, wherein there is usually a concave groove to prevent 
the rope slipping out of its place. The pulley is said to be fixed or moveable a.s its block 
is fixed or rises and falls with the weight. An assemblage of several pulleys is called a 
system of pulleys, of which some are in a fixed block and the rest in a moveable one. 

1316. If a power sustain a weight by means of a fixed pulley, the power and weight are 
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equal. For if through the centre C 555.) of the pulley we draw the horizontal 
diameter AB; then will AB represent a lever of the first kind, its 
prop being the fixed centre C, from which the points A and B, where 
the power ‘and weight act, being equally distant, the power P is conse* 
quently equal to the weight W. 

1317. Hence, if the pulley be put in motion, the power P will de- 
scend as fast as the weight W ascends : so that the power is not in- 
creased by the use of the fixed pulley, even though the rope go over 
several of them. It is, nevertheless, of great service in the raising of 
weights, both by changing the direction of the force, fi>r the convenience 
of acting, and by enabling a person to raise a weight to any height 
without moving fiom his place, and also by permitting a great num- 
ber of persons to exert, at the same time, their force on the rope at P, 
which they could not do to the weight itself, as is evident in raising the 
weight, or monkey, as it is called, of a pile-driver, also on many other oc- 
casions. 

1318. When a pulley is moveable the power necessary to sustain a 

weight is equal to the half of such weight. For in this case AB {Jig. 556.) may be con- 





sidered as a lever of the second kind, the weight being at C, the power acting 
the prop or fixed point at B. Then, because P : W:;CB • AB and CB^ 
have P=JW or W = 2P. 

1319. From which it is manifest that when the pulley is put in mo- 
tion the velocity of the power is double that of the weight, inasmuch 
as the point F descends twice as fast as the point C and the weight W 
rises. It is, moreover, evident that the fixed pulley F makes no differ- 
ence in the point P, but merely changes the motion of it in an op- 
posite direction. 

1320. We may hence ascertmn the effect of a combination or system 
of any number of fixed and moveable pulleys, and we shall thereby find 
that every cord going over a moveable pulley doubles the powers, for 
each end of the rope bears an equal share of the weight, whilst each rope 
fixed to a pulley only increases the power by unity. In Jig, 557. 

P=|W, and \njig. 558., P = lir=*^±^. 


at A, and 
>=:AB, we 



OF THE WEDGE. 


Fig.S58. 


1321. The wedge is a body in the form of a half 
rectangular prism, in practice usually of wood or 
metaL AF or BG {Jig. 559.) is the breadth of 
its back, C£ its height, CG, CB its sides, and its 
end. GBC, is the terminating sur&ce of two equally 
inclined planes GCE, BCE. 

1322. When a wedge is in equilibrio, the power 
ac ting on the back is to the force acting at right 
angles to either side as the breadth of the back 
AB {Jig. 560.) is to the length of the side AC or 
BC. For three forces which sustain each other in 
equilibrio are as the corresponding sides of a tri- 
angle drawn perpendicular to the directions in which 
they act. But AB is perpei^culax to the force 
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acting on the back to drive the wedge forward, and the sides AC, BC are perpendicular 
to the forces acting on them, the three forces are therefore as AB, AC, BC. Thus, the 
force on the back, its effect perpendicularly to AC, and its effect parallel to AB, are as 
the three lines AB, AC, and DC, which are perpendicular to them. Hence the thinner 
the wedge the greater its effect to split any t>ody or to overcome a resistance against the 
sides of the wedge. 

132S. We are, however, to recollect that the resistance or the forces in question are 
relative to one side only of the wedge ; for if those against both sides are to be reckoned, 
we can take only half the back AD, or else we must take double the line AC or DC. In 
the wedge the friction is very great, and at least equal to the force to be overcome, inas- 
much as it retains any position to which it is driven, whence the resistance is doubled by 
the friction. But on the other hand, the wedge has considerable advantage over all the 
other powers, because of the force of the blow with which the back is struck, a force vastly 
greater than the dead weight or pressure employed in other machines. On this account it 
is capable of producing effects vastly superior to those of any other power, such as splitting 
rocks, raising the largest and heaviest bodies by the simple blow of a mallet ; objects which 
could never be accomplished by any simple pressure whereof in practice application could 
be made. 


OF THE SCREW. 

1324. The screw is a cord wound in a spiral direction round the periphery of a cylinder, 
and is therefore a species of inclined plane, whose length is to its height as the circumfer- 
ence of the cylinder is to the distance between two consecutive threads of the screw. 
It is one of the six mechanical powers used in preying or squeezing bodies close, and is 
occasionally used in raising weights. 

1 325. Tile screw, then, being an inclined plane or half wedge, the force of a power 
applied in turning it round is to the force with which it presses upwards or downwards, 
without estimating friction, as the distance between two threads is to the circumference 
where the power is applied. For considering it as an inclined plane whose height is the 
distance between two threads, and its base the circumference of the screw ; the force in the 
horizontal direction being to that in the vertical one as the lines perpendicular to them, 
namely, as the height of the plane or distance between two threads, is to the base of the 
plane or circumference of the screw ; the power, therefore, is to the pressure as the distance 
of two threads is to the circumference. But in the application of the screw a handle or 
lever is used, by means whereof the gain in power is increased in the proportion of the 
radius of the screw to the radius of the power, that is, the length of the handle, or as their 
circumferences. Consequently the power is to the pressure as the distance of the threads 
is to the circumference described by the power. The screw being put in motion, the power 
is then to the weight which would keep it in equilibrio as the velocity of the latter is to that 
of the former ; and hence their momenta are equal, and produced by multiplying each weight 
or power by its own velocity. 

1326. Tlius it is a general property of all the mechanical powers, that the momentum of 
a power is equal to that of the weight which would keep it in equilibrio, or that each of 
them is proportional to its velocity. 

1 327. From the foregoing observations, we may be easily led to compute the force exerted 
by any machine whose action is exerted through the means 
of the screw. In Jig. 561., representing a press driven 
by a screw whose threads are each one quarter of an inch 
apart, let it be turned by a handle or lever 4 feet long from 
A to B. Then supposing the natural force of a man, by 
which he can lift, pull, or draw, to be 1 50 pounds, and that 
it be required to ascertain with what force the screw will 
press on the board at D when the man turns with his 
whole force the handle at A and B ; we have A B, the dia- 
meter of the power, 4 feet or 48 inches ; its circumference, 
therefore, 48 x 3 T 41 6, or 1 50| nearly ; and the distance of 
the threads being one quarter of an inch, the power is to 
the pressure as 1 to 6031. But the power is equal to 150 
pounds ; therefore, as 1 : 6031 ”150 : 90480, and the pres- 
sure therefore at D is equal to a weight of 90480 pounds, independent of friction. 

1328. In the endless screw AB C^g. 562.), turned by a handle AC of 20 inches radius, 
the threads of the screw are at a distance of half an inch ; and the screw turns a toothed 
wheel E whose pinion L acts in turning upon another wheel F, and the pinion M of this 
last wheel acts upon a third wheel G, to the pinion or barrel whereof is hung the weight W. 
If we would know what weight can be raised through the means of this combination by a 
man working the handle C, supposing the diameters of the wheels to be 18 inches, and 
those of the pinions and barrel 2 inches, the teeth and pinions being all similar in size ; we 
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have 20x 3*1416 X 2 = 125*664, the circumference of ® 
the power; and 125*664 to or 251*328 to 1, is 
the force of the screw alone. Again, 1 8 : 2 or 9 I 1 » 
being the proportion of the wheels to the pinions, and 
there being three of them, 9 ^ : 1 or 729 : 1 is the 
power gained by the wheels. 

1329. Consequently 251 *328 x 729 to l,or 183218^ 
to 1 nearly, is the ratio of the power to the weight 
arising from the joint advantage of the screw and the 
wheels. The power, however, is 1 50 pounds ; there- 
fore 150 X 183218^ or 27482716 pounds is the weight 
the man can sustain, equal to 12269 tons. 

1330. It must be observed, that the power has to 
overcome not only the weight, but at the same time 
the friction undergone by the screw, which in some 
cases is so great as to be equal to the weight itself ; 
for it is sometimes sufficient to sustain the weight 
when the power is taken offi 

OF FRICTION. 

1331. Though in a preceding page we have slightly 
touched on the effect of 6 * 101100 , it is to be kept 
in mind that the foregoing observations and rules 
have assumed the mechanical powers to be without 
weight and friction. This is far from the fact ; and, 
however theoretically true all that has hitherto been 
advanced, very great allowances must be made in 
practice when power is applied to mechanical purposes, in which a great portion of their 
effect is lost by friction, inertia, &c. The word friction, properly meaning the act of 
one body rubbing on another, is in mechanics used to denote the degree of retardation or 
obstruction to motion which arises from one surface rubbing against another. A heavy 
body placed upon another is not in a state of equilibrium between all the forces which act 
upon it, otherwise it could be moved by the application of the smallest force in a direction 
parallel to the plane. This want of equilibrium results from unbalanced force occasioned 
by the friction on a level surface. Now if a new force of equal magnitude be applied to 
counterpoise such unbalanced force, the body will obey the smallest impulse in such direc- 
tion, and the force thus employed will exactly measure the retarding force of friction. It 
has been well observed, that friction destroys, but never generates motion ; being therein un- 
like gravity or the other forces, which, though they may retard motion in one direction, 
always accelerate it in the opposite. Thus the law of friction violates the law of con- 
tinuity, and cannot be accurately expressed by any geometrical line, nor by any algebraic 
formula. The author (Playfair, Outlines of Natural Philosophy') just quoted, continues: 
“ Though friction destroys motion and generates none, it is of essential use in mechanics. 
It is the cause of stability in the structure of machines, and it is necessary to the exertion 
of the force of ammals. A nail or screw or a bolt could give no firmness to the parts of a 
machine, or of any other structure, without friction. Animals could not walk, or exert their 
force anyhow, without the support which it affords. Nothing could have any stability, but 
in the lowest possible situation; and an arch, which could sustain the greatest load when 
properly distributed, might be thrown down by the weight of a single ounce, if not placed 
with mathematical exactness at the very point which it ought to occupy.” 

1332. Many authors have applied themselves to the subject of friction, but the most satis- 
factory results have attended the investigations of the celebrated Coulomb in its application 
to practical mechanics ; and it is to that author we are indebted for the few following suc- 
cinct observations. 

I. In the friction of wood upon wood in the direction of the fibres after remaining in 
contact for one or two minutes, the following mean results were obtained : — 

Oak agmnst oak - 2 ^^= friction in parts of the weight. 

Oak against fir - - ditto. 

Fir against fir - - j^ = ditto. 

Elm agmnst elm - ditto- 

When oak rubbed upon oak, and the surfaces in contact were reduced to the smallest pos- 
able dimensions, the friction was 
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1333. When the friction was across the grain, or at right angles to the direction of the 

fibres, oak against oak was The ratios above given are constant quantities, and not 

dependent upon the velocities, excepting in the case of elm, when the pressures are very 
small, for then the friction is sensibly increased by the velocity. 

1334. (II. ) Friction is found to increase with the time of contact. It was ascertained that 
when wood moved upon wood in the direction of the fibres, the friction gradually increased, 
and reached its maximum in 8 or 10 seconds. When across the grain of the wood, it took 
a longer time to reach its maximum. 

1 335. (III. ) For illustration of the friction of metals upon metals after a certain time of 
rest, the subjoined experiments were made with two flat rulers of iron, 4 feet long and 2 
inches wide, attached to the fixed plank of the apparatus used for the investigation. Four 
other rulers, two of iron and two of brass, 15 inches long and 18 lines wide, were also used. 
The angles of each of the rulers were rounded off, and the rubbing surfaces of the rulers 
were 45 square inches. 

With iron upon iron and a pressure of 53 lbs., the friction in parts of the pressure was 

— — 453 lbs., — — 

With iron uponbrassand apressure of 52lbs., the friction in parts of the pressure wasF 2 ' 

— ^ 452 lbs., _ _ _L 

41 

1336. In these experiments each set gives nearly the same result, though the second 
pressures are nearly nine times the first ; from which we learn that, in metals, friction is in- 
dependent of the extent of the rubbing surfaces. Coulomb, moreover, found that the friction 
is independent of the velocities. The ratio of 4 to 1 between the pressure of friction, in 
the case of iron moving upon brass, is only to be considered accurate when the surfaces are 
new and very large. When they are very small the ratio varies from 4 to 1 to 6 to 1 ; but 
this last ratio is not reached unless the friction has been continued more than an hour, when 
the iron and brass have taken the highest polish whereof they are susceptible, free of all 
scratches. 

1337. IV. In the friction of oak upon oak, when greased with tallow, which was renewed 
at every experiment, some days were required for obtaining, when the surfaces were consi- 
derable, the maximum of fraction or adhesion. It was nearly similar to that without grease, 
sometimes rather greater. For iron or copper with taUow, during rest, the increase is not 
so considerable as with oak. At first the friction was ^ of the weight, besides a small force 
of a pound for every 30 square inches independent of the weight. The friction after some 
time changes to ^ or j. Olive oil alters the condition of the friction to J, and old soft grease 
to about 1. 

1338. V. In the case of friction of bodies, oak upon oak for instance, in motion in the 
direction of its fibres, the friction was nearly constant in all degrees of velocity, though with 
large surfaces it appeared to increase with the velocities ; but when the touching sur&ces 
were very small compared with the pressures, the friction diminished or the velocities in- 
creased. For a pressure of 100 to 4000 pounds on a square foot, the friction is about 
besides for each square foot a resistance of Impounds, exclusive of pressure increasing a 
little with the velocity, occasioned perhaps by a down on the surface. If the surface be 
very small the friction is lessened. When the narrow surface was cross-grained, the friction 
was invariably -j\j. In the case of oak on fir, the friction was of fir on fir, | ; of elm on 
elm, -j^, but varying according to the extent of surface ; for iron or copper on wood, -j^, which 
was at first doubled by increasing the velocity to a foot in a second, but on a continuance 
of the operation for some hours it again diminished. For iron on iron, ; on copper, - ; 
after long attrition, ^ in all velocities. Upon the whole, in the case of most machines, | of 
the pressure may be considered a fair estimate of the friction. 

1 339. In the experiments to ascertain the friction of axles. Coulomb used a simple pulley, 

where the friction of the axis and that of the rigidity of the rope produce a joint resistance. 
With guaiacum moving upon iron, the friction was ^ weight in all velocities, 

exclusive of the rigidity of the rope ; the mean was or, with a small weight, a little 
greater. In the cases of axles of iron on copper, or the velocity is small ; the friction 
being always somewhat less than for plane surfaces. With grease, the friction was about 

With an axis of green oak or elm, and a pulley of guaiacum, the friction with tallow 
was ^ ; without, ^ ; with a pulley of elm, the quantities in question became ^ and An 
axis of box with a pulley of guaiacum gave ^ and ; with an elm pulley, ^ and ^ An 
axis of iron and a pulley of guaiacum gave, with t^ow, The velocity had but small 
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effect on the rigidity of ropes, except in slightly increasing the resistance when the pressure 
was small. 

1 340. 'Hie friction and rigidity of ropes was supposed by Amontons and Hesaguliers to 
vary as the diameter as the curvature and as the tension. By Coulomb the power of the 
diameter expressing the rigidity was found generally to be 1 *7 or 1 *8, never less than 1 *4, 
and that a constant quantity must be suppos^ as 2 ^ded to the weight. Wet ropes, if small, 
are more flexible than such as are dry, and tarred ones stiffer by about one sixth, and in 
cold weather somewhat more. After rest, the stiflfhess of ropes increases. A rope of three 
strands, each having two yarns 1 2^ lines in circumference, whose weight was 1 25 grains, 
being bent upon an axis 4 inches in diameter, required a constant force of one pound ( French) 
and of the weight to overcome its ri^dity. The same rope tarred, required one fifth 
of a pound and one fiftieth of the weight. When the strands were of fine yams, the cir- 
cumference 20 lines, and the weight 347 grains, the rigidity was equal to half a pound and 

of the weight to move it. With strands of 10 yarns, and a circumference of 28 lines, 
and a weight of 680 grains to 6 inches, the rigidity of the untarred rope was 2 lbs. and 
of the weight, and the tarred rope of 3-3 lbs. and of the weight. Experi- 
ments which confirmed the above were made on a roller moving on a horizontal plane, 
while a rope was coiled completely round it, whence an allowance must be made for the 
friction of the roller on the plane, which varies as its weight and inversely as its diameter. 
With a roller of gu^cum or lignum vitse, 3*6 inches in diameter, moving on oak, it was 
of the weight ; for a roller of elm, § more. 

1341. This subject has, we conceive, been pursued as far as is necessary for the architect ; 
seeing that his further investigation of it, should necessity arise, may be accomplished by 
reference to the works of Amontons, Bulfinger, Parent, Euler, Bossut, and Coulomb, 
upon whom we have drawn for the information here given. We shall therefore con- 
clude these remarks by subjoining some of the practical results which experiments on 
animal power aflPord, extracted from the celebrated Dr. Thomas Young’s Natural Philoso- 
phtfi vol. iL 

1342. In comparing the values of the force of moving powers, it is usual to assume an 
unit, which is considered as the mean effect of the labour of an active man working to the 
greatest advantage; this on a moderate calculation will be found sufficient to raise 10 lbs. 
to the height of 10 feet in one second for 10 hours in a day ; or 100 lbs. 1 foot in a second, 
that is 36,000 feet in a day, or 3,600,000 lbs. 1 foot in a day. The following exhibits a 
tabular -view of the immediate force of men, without deduction for friction. Such a day’s 
work is the measuring unit in the third colucnn of the table. 


Opebatite. 

Force. 

ContinuaDce. 

Day’s Work. 

A man weighing 133 lbs. French ascended 62 feet 
French by steps in 34 seconds, but was com- 
pletely exhausted. Amontons. ... 

2-8 

34 sec. 


A sawyer made 200 strokes of 1 8 French inches each 
in 145 seconds, with a force of 25 lbs. French. 
He could not have continued more than 3 mi. 
nutes. Amontons. .... 

6-0 

145 sec. 


A man can rmse 60 French lbs. 1 French foot in 

1 second for 8 hours a day. BemouiUi, 

0*69 

8 hours 

0-552 

A Tnan of ordinary strength can turn a winch with a 
force of 30 lbs. , and with a velocity of 3| feet in 

1 second for 10 hours a day. Desaguliers. 

1*05 

10 hours 

l-OS 

Two men working at a windlass, with handles at 
right angles, can rmse 70 lbs. more easily than 1 
can raise 30 lbs. Desaguliers. ... 

1-22 


1*22 

A man can exert a force of 40 lbs. for a whole day 
with the assistance of a fly, when the motion is 
pretty quick, at about 4 or S feet in a second. 
Desaguliers. But it appears doubtful whether 
the force is 40 or 20 lbs. . - . 

2-00 


2*00 

For a short time, a man may exert a force of 80 lbs, 
with a fly when the motion is pretty quick. Z>c- 
saguliers. _ . - - - 

3-00 

1 sec. 


A man going up stairs ascends 1 4 metres (35 '43 feet) 
in 1 minute. Coulomb. . - - 

1-182 

1 min. 
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OreaATIVB. 

Force. 

Continuance. 

Day’s Work. 

A man going up stairs for a day raises 205 kilo- 
grammes (451 *64 lbs. averd.) to the height of 
a kilometre (3280*91 feet). Cotdomb. 



0-412 

With a spade a man does as much as in ascending 
stairs. Coulornb. . . - - 

_ 


0*391 

With a winch a man does | as much as in ascending 
stairs. Coulomb. - . - - 

_ 

— 

0-258 

A man carrying wood up stairs raises, together with 
his own weight, 109 kilogrammes (240*14 lbs. 
averd.) to I kilometre (3280-91 feet). Cou- 

lomb. ------ 



0-219 

A man weighing 150 French lbs. can ascend by 
stairs 3 French feet in a second for 15 or 20 
seconds. Coulomb. - - - - 

For half an hour 100 French pounds may be raised 

1 foot French per second. Cotdomb. 

By Mr. Buchanan’s comparison, the force exerted in 
turning a winch being assumed equal to the unit, 
the force in pumping will be - 
In ringing ------ 

In rowing ------ 

5-2i2 

1-152 

0-61 

1-36 

1-43 

20 sec. 

30 min. 



1343. Coulomb's maximum of effect is, when a man weighing 70 kilogrammes 
(154 *21 lbs. avoirdupois), carries a weight of 53 (116*76 lbs. avoirdupois,) up stairs. But 
this appears too great a load. 

1344. Porters carry from 200 to 300 lbs., at the rate of 3 miles an hour. Chairmen 
walk 4 miles an hour with a load of 150 lbs. each ; and in Turkey there are found porters 
who, it is said, by stooping forwards, carry from 700 to 900 lbs. very low on their backs. 

1345. The most advantageous weight for a man of common strength to carry horizon* 
tally, is 1 1 1 pounds ; or, if he return unladen, 135. With wheelbarrows, men will do half 
as much more work, as with hods. Coulomb. 

The following table exhibits the performance of men by machines. 


Opesativs. 

Force. 

ContiDuance. 

Day’s Work. 

A man raised by means of a rope and pulley 25 lbs. 
French, 220 French feet in 1 45 seconds. Amon~ 
tons. ------ 

0*436 

145 sec. 


A man can raise by a good common pump 1 hogshead 
of water 1 0 feet high in a minute for a whole day. 
Desaguliers. ----- 

0-875 


0-875 

By the mercurial pump, or another good pump, a man 
may raise a hogshead 18 or 20 feet in a minute 
for 1 or 2 minutes _ - - 

1-61 

2 min. 


In pile driving, 55J French lbs. were raised 1 French 
foot in 1 second, for 5 hours a day, by a rope 
drawn horizontally. Coulomb. - - - 

0-64 

5 hours 

0-82 

Robison says that a feeble old man raised 7 cubic 
feet of water 1 1 J feet in 1 minute for 8 or 1 0 
hours a day, by walking backwards and forwards 
on a lever ----- 

0-837 

9 hours 

0-753 

A young man, the last-named author says, weighing 
135 lbs., and carrying 30 lbs., raised 9^ cubic feet 

1 1 5 feet high for 1 0 hours a day, without 
fatigue ----- 

1-106 

10 hours 

1-106 


1346. In respect of the force of horses, we do not think it necessary to do more than 
observe that the best way of applying their force is in an horizontal direction, that in which 
a man acts least to advantage. For instance, a man weighing 140 lbs., and drawing a boat 
along by means of a rope over his shoulders, cannot draw above 27 lbs. ; whereas a horse 
employ^ for the same purpose can exert seven times that force. 

1347. Generally, a horse can draw no more up a steep hill tlian three men can carry, 
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that is, from 450 to 750 pounds ; but a horse can draw 2000 pounds up a steep hill which 
is but short. The most disadvantageous mode of applying a horse’s force is to make 
him carry or draw up hill ; for if it be steep, he is not more than equal to three men, 
each of whom would climb up faster with a burden of 100 pounds weight than a horse 
that is loaded witli 300 pounds. And this arises from the different construction of what 
may be called the two living machines. 

1348. Desaguliers observes, that the best and most effectual action of a man is that 
exerted in rowing, in which he not only acts with more muscles at once for overcoming 
resistance than in any other application of his strength, but that, as he pulls backwards, 
his body assists by way of lever. 

1349. There are cases in which the architect has to avail himself of the use of horse 
power; as, for instance, in pugmills for tempering mortar, and occasionally when the 
stones employed in a building may be more conveniently raised by such means. We 
therefore think it proper to observe, that, for eflfectually using the strength of the animal, 
the track or diameter of a walk for a horse should not be less than 25 to 30 feet. 

1350. We close this section by observing, more for the curiosity of the thing than 
for the service it will be to the architect, that some horses have carried 650 or 700 lbs., 
and that for seven or eight miles, without resting, as their ordinary work ; and, according to 
Desaguliers (^Experiment. Philos, vol. i.), a horse at Stourbridge carried 11 cwt. of iron, 
or 1232 lbs., for eight miles. 


Sect. IX. 

AUTHORS ON EQUILIBRIUM OF ARCHES. 

1351. The construction of arches may be considered in a threefold respect. I. As 
rejects their form. II. As respects the mode in which their parts are constructed. 
HI. As respects the thrust they exert. 

1352. The first category involving rather the mode of tracing the right lines and cur'-es 
whereof their surfaces are composed, has been partially treated of in Section VI. on De- 
scriptive Geometry, and will be further shortly discussed in future pages of this woik. 
The other two points will form the subject of the present section. 

1353. The investigation of the equilibrium of arches by the laws of statics does not 
appear to have at aU entered into the thoughts of the ancient architects. Experience, 
imitation, and a sort of mechanical intuition seem to have been their guides. They* appear 
to have preferred positive solidity to nice balance, and the examples they have left are 
rather the result of art than of science. Vitruvius, who speaks of all the ingredients 
necessary to form a perfect architect, does not allude to the assistance which may be 
afforded in the construction of edifices by a knowledge of the resolution of forces, nor of 
the aid that may be derived from the study of such a science as Descriptive Geometry, 
though of the latter it seems scarcely possible the ancients could have been ignorant, seeing 
how much it must have been (practically, at least) employed in the construction of such 
vast buildings as the Coliseum, and other similarly curved structures, as respects their plan. 

1354. The Gothic architects seem, and indeed must have been, guided by some rules 
which enabled them to counterpoise the thrusts of the main arches of their cathedrals 
with such extraordinary dexterity as to excite our amazement at their boldness. But 
they have left us no precepts nor clue to awertain by what means they reached such 
heights of skill as their works exhibit. We shall hereafter offer our conjectures on the 
leading principle which seems as well to have guided them in their works as the ancients 
in their earliest, and perhaps latest, specimens of columnar architecture. 

1355. Parent and De la Hire seem to have been, at the latter end of the seventeenth 
century, the first mathematicians who considered an arch as an assemblage of wedge-formed 
stones, capable of sliding down each other’s sur&ces, which they considered in a state of the 
highest polish. In this hypothesis 31. de la Hire has proved, in his Treatise on Mechanics, 
printed in 1695, that in order that a semicircular arch, whose joints tend to the centre, may 
be able to stand, the weights of the voussoirs or arch stones whereof it is composed must 
be to each other as the differences of the tangents of the angles which form each voussoir ; 
but as these tangents increase in a very great ratio, it follows that those which form the 
springings must be infinitely heavy, in order to resist the effects of the superior voussoirs. 
Now, according to this hypothesis, not only would the construction of a semicircular arch 
be an impo^ibility, but also all those which are greater or less than a semicircle, whose 
centre is level with or in a line parallel with the tops of the piers ; so that those only would 
be practicable whose centres were formed by curv^ forming angles with the piers, such as 
the parabola, the hyperbola, and the catenary. And we may here remark, that in para- 
bolic and hyperbolic arches the voussoir forming the keystones ‘^ll.Jllld be heavier oi 
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greater in height, and that from it the weight or size of the voussoirs sltould diminish 
from the keystone to the springing ; the catenary being the only curve to which an hori- 
zontal extrados, or upper side, can be properly horizontal. In the Memoirs of the Academy 
of Sciences^ 1729, M. Couplet published a memoir on the thrusts of arches, wherein he 
adopts the hypothesis of polished voussoirs ; but, finding the theory would not be applicable 
to the materials whereof arches are usually composed, he printed a second memoir in 1730, 
wherein the materials are so grained that they cannot slide. But in this last he was as far 
from the truth as in his first. 

1356. M. Danisy, a member of the Academy of Montpellier, liking neither of* these 
hypotheses, endeavoured from experiments to deduce a theory. He made several models 
whose extradosses were equal in thickness, and divided into equal voussoirs, with piers sufr 
ficiently thick to resist the thrusts. To ascertain the places at which the failure would 
take place where the piers were too weak, he loaded them with different weights. From 
many experiments, in 1732, he found a practical rule for the wails or piers of a cylindrical 
arch so as to resist the thrust. 

1357. Derand had thereupon found one which appears in his Architecture of ArcheSj but 
it seems to have been empirical. It was nevertheless adopted by Blondel and Deschalles, 
and afterwards by M. de la Rue. 

Gautier, in his Treatise on Bridges, adopts one which seems to have had no better 
foundation in science than Derand's. 

1 358. At the end of a theoretical and practical treatise on stereotomy by M. Frezier, 
that author subjoined an appendix on the thrust of arches, which was an extract of what 
had theretofore been published by MM. de la Hire, Couplet, Bernouilli, and Danisy, with 
the applications of the rules to all sorts of arches. He seems to have been the first who 
considerably extended the view of the subject. 

1359. Coulomb and Bossut occupied themselves on the subject. The first, in 1773, 
presented to the French Academy of Sciences a memoir on several architectural problems, 
amongst which is one on the equilibrium of arches. The last-mentioned author printed, in 
the Memoirs (1774 and 1776) of the same academy, two memoirs on the theory of cylindrical 
arches and of domed vaulting, wherein are some matters relating to the cupola of the 
Pantheon at Paris, whose stability was then a matter of doubt. 

1360. In Italy, Lorgna of Verona considers the subject in his Saggidi Statica Mecauica 
applicati alle Arti ; and in 1785, Mascheroni of Bergamo published, in relation to this branch 
of architecture, a work entitled Nuove Ricerche deUe Volte, wherein he treats of cupolas on 
circular, polygonal, and elliptical bases. 

1361. We ought, perhaps, not to omit a memoir by Bouguer in the Transactions of the 
French Academy of 1734, SurlesLignes Courts propres a former les Voutes en Dome, wherein 
he adduces an analogy between cylindrical and dome vaulting ; the one being supposed to be 
formed by the movement of a catenarian curve parallel to itself, and the other by the revo- 
lution of the same curve about its axis. 

1362. In this country, the equilibration of the arch, as given by Belidor and others on the 
Continent, seems to have prevailed, though little was done or known on the subject. Emer- 
son seems to have been the earliest attracted to the subject, and in his Treatise on Mechanics, 
1743, appears to have been the first who thought, after the Doctors Hooke and Gregory, 
of investigating the form of the extrados from the nature of the curve, in which he was 
followed by Hutton, who added nothing to the stock of knowledge ; an accusation which 
the writer of this has no hesitation of laying at his own door, as having been the author of 
a Treatise on the Equilibrium of Arches, which has passed through two editions ; but who, 
after much reflection, is now convinced, that, for the practical architect, no theory wherein 
the extrados is merely made to depend on the form of the intrados can ever be satisfactory 
or useful. It is on this account that in the following pages he has been induced to follow the 
doctrines of Rondelet, as much more satisfactory than any others with which he is acquainted. 

1363. The formula of Rondelet were all verified by models, and the whole reasoning is 
conducted upon knowledge which is to be obtained by acquaintance with the mathematical 
and mechanical portions of the preceding pages. It moreover requires no deep acquaintance 
with the more abstruse learning requisite for following the subject as treated by later 
authors. 


OBSERVATIONS ON FRICTION, 


1364. I. In order that the stone parallelopiped ABCD (^fg- 563.) 
may be made to slide upon the horizontal plane FG, the power which 
draws or pushes it par^lel to this plane, must not be higher than the 
length of its base AB ; for if it acts from a higher point, such as C, the 
parallelopiped will be overturned instead of sliding along it. 

1 365. As the effects of the powers P and M arc in the inverse ratio 
of the heights at which they act, it follows that a parallelopiped will 
Sakle whene\er the force whicli is necessary to o\crturn it is greater than 
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that necessary to make it slide, and, reciprocally, it will be overturned when less force is 
necessary to produce that effect than to make it slide. 

• 1366. II.' Wh^ the parallelopiped is placed on an inclined plane, it will slide so long 
as the vertical QS drawn from its centre of gravity does not without the base AB. 
Hence, to ascertain whether a parallelopiped ABCD with a 
rectangular base 564.) will slide down or overturn ; from 
frie point B we must raise the perpendicular BE : if it pass out 
of the centre of gravity, it will slide ; if, on the contrary, the 
line BE passes within, it will overturn. 

1367. If the surfaces of stones were infinitely smooth, as 

they are supposed to be in the application of the principles of "" " 

mechanics, they would begin to slide the moment the plane 

upon which they are placed ceases to be perfectly horizontal ; but as their surfaces are fiiH 
of little inequalities which catch one another in their positions, Rondelet found, by re- 
peated experiments, that even those whose surfeces are wrought in the best manner do not 
begin to slide upon the best worked planes of similar stone to the solids until such planes 
are inclined at angles varying from 28 to 36 degrees. This difficulty of moving one stone 
upon another increases as the roughness of their surfaces, and, till a certain point, as their 
weight : for it is manifest, 1 st. That the rougher their surfrces, the greater are the in- 
equalities which catch one another. 2d. That the greater their weight, the greater is the 
effort nec^sary to disengage them ; but as these inequalities are susceptible of being 
broken up or bruised, the maximum of force wanting to overcome the friction must be 
equal to that which produces this effect, whatever the weight of the stone, 3d. That this 
proportion is rather as the hardness than the weight of the stone. 

1368. In experiments on the sliding of hard stones of different sizes which weighed from 
2 to 60 lbs., our author found that the friction which was more than half the weight 
for the smaller was reduced to a third for the larger. He remarked that after each experi- 
ment made with the larger stones a sort of dust was disengaged by the friction. In soft 
stones this dust facilitated the sliding. 

1369. These circumstances, which would have considerable influence on stones of a great 
weight, were of little importance in the experiments which will be cited, the object being 
to verify upon bard stones, whose mass was small, the result of operations which the theory 
was expected to confirm. By many experiments very carefully made upon hard freestone 
well wrought and squared, it was found, 1st, That they did not begin to slide upon a plane 
of the same material equally well wrought until it was inclined a little more than SO degrees. 
2d. That to drag upon such stone a parallelopiped of the same material, a little more than 
half its weight was required. Thus, to drag upon a level plane a parallelopiped 6 in. long, 
4 in. wide, and 2 in. thick, weighing 4 lbs. lloz., (the measures and weights are French, 
as throughout*), it was necessary to employ a weight equal to 2 lbs. 7oz. and4drs. 
3d. That the size of the rubbing sur&ce is of no consequence, since exactly the same force 
is necessary to move this parallelopiped upon a face of two in. wide as upon one of 4. 

1370. Taking then into consideration that by the principles of mechanics it is proved, 
that to raise a perfectly smooth body, or one which is round upon an homogeneous plane 
inclined at an angle of 30 degrees, a power roust be employed parallel to the plane which 
acts with a force rather greater than half its weight, we may conclude that it reqtxires as 
much force to drag a parallelopiped of freestone upon an horizontal plane of the same 
material as to cause the motion up an inclined plane of 30 degrees of a round or infinitely 
polished body. 

1371. From these considerations in applying the principles of mechanics to arches composed 
of freestone well wrought, a plane inclmed at 30 degrees might be considered as one upon 
which the voussoirs would be sustained, or, in other words, equivalent to an horizontal plane. 

1372. We shall here submit another experiment, which tends to establish such an hypo- 
thesis. If a parallelopiped C {Jig- 565.) of this stone be placed — 

between two others, BD, RS, whose masses are each double, 
upon a plane of the same stone, the parallelopiped C is sus- 
tained by the friction alone of the vertical surfaces that touch 
it. This effect is a consequence of our hypothesis ; for, the 
inequalities of the surfaces of bodies being stopped by one ano- 
ther, the parallelopiped C, before it can fall, must push aside the 
two others, BD, RS, by making them slide along the horizontal 
plane of the same material, and for that purpc»e a force must be employed equal to double 
the weight sustained. 

• The Paris pound =» 7561 Troy grains. 

Ounce = 47a'562.*>. 

Dram or gros = 59*0703. 

• Grain » 0*8204. 

And u the En^isb avoirdupois pound = 7000 Troy grains, it contains 8538 Paris grains 
The Paris foot of 12 inches = 12*7977 English incheb. 
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1373. If to this experiment the principles of mechanics be 
applied, considering the plane of 30 degrees inclination as a 
horizonUl plane, the pertical feces ED FB may be considered 
as inclined planes of 60 degrees. On this hypothesis it may be 
demonstrated by mechanics, that to sustain a body between two 
planes forming an angle of 60 degrees 566.), the resist- 
ance of each of these planes must be to half the weight sustained 
as HD is to DG, as the radius is to the sine of 30 degrees, or 
as 1 is to 2. 
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1374. The resistance of each parallelopiped represented by the prism ABDE (ySy. 565.) 
being equal to half their weight, it follows that the weight to be sustained by the two prisms 
should equal one quarter of the two parallelepipeds taken together, or the half of one, 
which is confirmed by the experiment. This agreement between theory and practice deter- 
mined Bondelet to apply the hypothesis to models of vaults composed of voussoirs and wedges . 
disunited, made of freestone, with the utmost exactness, the joints and 
surfeces nicely wrought, as the parallelepipeds in the preceding example. 

1375. The first model was of a semicircular arch 9 inches diameter, 
comprised between two concentric semi-circumferences of circles 2 1 lines 
apart. It was divided into 9 equal voussoirs. This arch was 1 7 lines 
deep, and was carried on piers 2 inches and 7 lines thick. It was found, 
by gradually diminishing the piers, which were at first 2 inches and 10 
lines thick, that the thickness first named was the least which could be 
assigned to resist the thrust of the voussoirs. 

1376. The model in question is represented in Jly. 567 ., whereon 
we have to observe, — 1st. That the first voussoir, I, being placed 
on a level joint, not only sustains itself, but is able to resist by 
friction an effort equal to one half of its weight 2d. That the second 
voussoir, M, being upon a joint inclined 20 degrees, will also, through 
friction, sustain itself; and that, moreover, these two voussoirs would 
resist, previous to giving way on the joint AB, an horizontal effort equal 
to one half of their weight 3d. That the third voussoir, N, standing 
on a joint inclined at 40 degrees, would slide if it were not retained 
by a power PN acting in an opposite direction. 4tb. That taking, ac- 
cording to our hypothesis, an inclined plane of 30 degrees, whereon 
the stones would remain in equilibrium as an horizontal one, the in- 
clined point of 40 degrees may be considered as an inclined plane of 
10 degrees, supposing the surfeces infinitely smooth. 5th. That the effort of the hori- 
zontal power which bolds this voussoir in equilibrium upon its joints will be to its weight 
as the sine of 10 degrees is to its cosine, as we have, in the section on mechanics, pre- 
viously shown. (1255 et seq.) 

1377. The model of the vault whereon we are speaking being but 9 inches, or 108 
lines in diameter, by 21 lines for the depth of the voussoirs, that is, the width between the 
two concentric circumferences, its entire superficies will be 4257 square lines, which, divid^ 
by 9, gives for each voussoir 473 square lines. Then, letting the weight of each voussoir 
be expressed by its superficies, and calling P the horizontal power, we have 

P ; 473:;sin. 10^ 1 cosin. 10°; 

Or, P : 473:;17365 : 98481 ; which gives P=;83^. 

The fourth voussoir, being placed upon a bed inclined at 60 degrees, will be considered as 
standing on a plane incUned only at 30 degrees, which gives, calling Q, the horizontal 
power which keeps it on its joint, — 

Q : 473 : :sin. 30° : cosin. 30°. 

Or, Q : 473 "50000 ; 86603 = 273j{5. 

1 378. The half-keystones, being placed on a joint inclined 80 degrees, are to be considered 
as standing on an incliued plane of 50, the area of the half key which represents its 
weight being 236^. If we call R the horizontal power which sustains it on its joint, we 
shall have the proportion 

R : 236J : : sin. 50 : cosin. 50 ; 
or, R : 236J:;76604 : 64279; which gives B = 281^. 

1379. Wishing to ascertain if the sum of these horizontal efforts, which were necessary 
to keep on their joints the two. voussoirs N, O, and the half-keystone, was capable of 
thrusting away the first voussoir upon its horizontal joint AB, the half arch was laid down 
upon a level plane of the same stone without piers, and it was proved that to make it give 
way an horizontal effort of more than 16 ounces was required, whilst only 10 were neces- 
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saxy to sustun the half-keystone and the two voussoirs N, O. The two halves of the arches 
bore a weight of 5 2 oz. before the first voussoirs gave way. 

1380. To find the effect of each of these voussoirs when the arch is rai^d upon its piers, 
fet fell from the cMitres of gravity N, O, S of these voussoirs the perpendiculars Oo, Ss, 

in order to obtain the arms of the levers of the powers P, Q» R, which keep them in their 
plac^i^ tending at the same time to overturn upon the fiilcrum T the pier which carries 
the half arch, and we have their effort — 

P X Nn + Q, X Oo + R X Ss. 

The height of the pier being 195 lines, we have 

Nn = 244*94 
Oo=256-26 

and Ss=260*50, whence we have 
The effort P x Nn=: 83*4 x 244-94, which gives 20427*996 


Qk 00 = 273*3x256-26 70035*858 

R x Ss =281 *9 X 260-50 73434-950 


Total effort in respect of the fulcrum, 163898*804 

1381. The pier resists this effort, 1st, by its weight or area multiplied by the arm of the 
lever determined by the distance Tu from the fulcrum T to the perpendicular let fall from 
the centre of gravity G upon the base of the pier. 2d. By the weight of the half arch 
multiplied by the arm of its lever VY determined by the vertical LY let fall from the 
centre of gravity L, and which becomes in respect of the common fiilcrum T = T# or 
VB — BY, in order to distinguish BY, which indicates the distance of the centre of gravity 
of the half arch (and which is supposed known because it may be found by the rules given 
in 1275. et seq.) from the width YB that the pier ought to have to resist the effort of 
the half arch sought. In order to find it, let P, the effort of the arch above found, be 
163898*804. 

Let the height of the pier =o 

The width sought = x 

The weight of the half arch =6 
The part BY of its arm of lever =c 

1382. The area of the pier which represents its weight multiplied by the arm of the 

lever will be ox x | That of the half arch multipied by its arm of lever will be 

shown by VB + BY, where x + cwillbe 5x + 5c, whence the equation P=^+5x + 5c, 
which we have to solve. 


Now first we have 

Multiplying all the terms by 2 bx 2 p^ 2 bc . . ... . . , ^ 

, an expression in which x is raised to 

to ehmmate xx, we have j « » 

the second power ; but as xx + ^ is not a perfect square, that is to say, it wants the 
square of half the known quantity ^ which multiplies the second term ; by adding this 
square, wHch is ^ , to each side of the equation, we have ^ . The 

first member by this means having become a perfect square whose root is a + ^ , we sh^l 
havex-^ - -I- which becomes, by transferring | to the other side of the 


equation, — in which x being only in the first member of the equa- 

tion, its value is determined from the known quantities on the other side. Substituting, 
then, the values of the known quantities, we have 



which gives x=28^ lines instead of 2 inches and 5 lines, which was assigned to the piereihat 
they might a little exceed equilibrium in their stability. 


Proof of the above Method hy another Method of 
estimating Friction, 

1383. A proof of the truth of the hypothesis in the preceding 
section is to be found in the method proposed by Bossut in his 
Treatise on Mechanics, 

Let the voussolr N 568.) standing on an inclined 

plane be sust^ed by a power Q acting horizontally. From the 
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centre of gravity let fall the vertical which may be taken to express the weight 
of the voussoir. This weight may be resolved into two forces, whereof one, Nc, is 
parallel to the joint, and the other Na is perpendicular to it. In the same manner the 
power Q, expressed by in its direction may be resolved into two forces, whereof 
Nf will be parallel to the joint and the other Nd perpendicular to it. Producing the 
line from the joint HG, drawing the horizontal line GI and letting &11 the vertical HI, 
consider the line HG as an inclined plane whose height is HI and base IG. Then the 
force Nc with which the voussoir will descend will be to the weight as the height HI 
of the inclined plane is to its length H G. Calling p the weight of the voussoir, we 
then have Nc =p x and the force Na which presses against the plane as the base of the 
plane I G is to its length, which gives the force Na=p x 

1384. Considering, in the same way, the two forces of the power Q, which retain the 
voussoir on the inclined plane, we shall find the parallel force N/= Q. x and the per- 
pendicular force N<f = Q. x The force resulting from the two forces Na, Nt?, which 

press against the joint, will be expressed by p x + Q. x ; and as the voussoir only 
begins to slide upon a plane whose inclination is greater than 30 degrees, the friction will 
be to the pressure as the sine of 30 degrees is to its cosine, or nearly as 500 is to 866, or 
of its expression. Calling this ratio n, we shall, to express the friction, have 
/ IG . ^ IG\ 

Cp ^ GH+ ^ ^ GH/ ^ "• 

As the friction prevents the vou‘?soir sliding on its joint, in a state of equilibrium, we shall 
have the force 'Sf equal to the force Nc, less the friction; from which results the equation — 
^ IG HI / IG ^ IH \ 

^ ^ HG“P ^ HG ~\J* ^ GH ~ ^ HG/ ^ "■ 

All the terms of which equation having the common divisor HG, it becomes — 

Qx IG=pxHI-(pxIG-ax IH)xn; 

and, bringing the quantities multiplied by Q to the same side of the equation, we have 
QxIG + (Q,x IH) x «— p xHI“(pxIG)xn; which becomes 
Q,x (IG + n X IH=p X (HI — n x IG) ; whence results 
Q.a;p X iii* which is the formula for each voussoir, substituting the 

values for the expression. 


1385. Thus for the third voussoir N 567.) placed on an inclined plane of 40 de- 
grees, HI which represents the sine of the inclination will be 643, and its cosine repre- 
sented by IG, 766, the expression of the friction n will be or ^ nearly. The weight of 
the vou^oir expressed by its area will be 473, which several values being substituted 
in the formula, we have 


Q=473x 


643 X 766 . 
766 + 643 * 


which gives Q,=:83’6, the expression of the horizontal force P, which will keep the voussoir 
N in equilibrium on its joint instead of 83*4, which was the result of the operation in the 
preceding subsection. 

1386. The same formula Q,=p x voussoir M on an inclinod joint 


of 60 degrees, whose sine HI is 866 and cosine IG500, Q,=473 


.886-^ X 500 


= 273-4; 


* 500 + X 866 

instead of 273*3, which was the result of the operation in the preceding section. 

1387. For the half-keystone, the sine HI, being of 80 degrees, will be expressed by 
985, and its cosine IG by 174 ; the half-keystone by 236^, and the friction by 

985 js JY4 

The formula now will be Q.= 236i x rrj-— 1| — which gives Q= 282*2, instead 

I / ^ T" -jg X 

of 281^ found by the other method. These slight differences may arise from sup- 
pressing the two last figures of the sines, and some remainders effractions which have been 
neglected. Multiplying these values of the powers which keep the voussoirs in equilibrium 
upon their beds by the several arms of the levers, as in the preceding calculations, their 
energy will be as follows : — 

For the voussoir N, 83-6x244-94= 20476*98 
— O, 273-4 X 256-26 = 70061 *48 

— S, 282-2 X 260-50= 73313*10 


For the total force in respect of the fulcrum T= 163851 *56. 
Which Is the value of p, and being substituted for it in the formula x = 

D d 2 
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as as tbe Talipes ibe other letters, which are the same as in the preceding example^ 

we^TC 

4/163851 b6x*i—:dl28x2xl2t . 21:® 2TM 2128 

*=V Jgg X = 16 imes 

fer ihietfieag of the {ders, instead of 28^ lines found by the preceding operation. 

Application of the Ftincijdea in the Model cf a straight Arch. 

1388. The second model to which the application of preceding methods was made 
was a strsught arch of the same sort {Jig‘569.'), 
wh<^ opening between the piers was 9 inches. 

The arch was 21 lines high and 1 8 lines thick. 

It was divided into 9 wedges, whose joints were 
concentric. To determine the section of the 
Joints, the diagonal FG was drawn on the face 
of the half arch, and firom its extremity F touch* 
ing the pier, foe perpendicular FO meeting O 
in foe yerti(»d, pairing through the middle of 
foe opening of the piers, all the sections meet- 
ing in this point O. Each of the sections of 
the piers which support the arch forms an 
angle of 21° 15' with the vertical, and of 68° 

45' with the horizon. 

1 389. In considering each of the wedges of 
the half arch as in the preceding method, it 
will be found that in order to retain the voussoir 
A on foe joint IF (of the pier) which forms 
with the horizontal line NF an angle of 
68° 45', we have 

For foe horizontal force 
second B 
third C • 

fourth D - 

haif-keystone 



The height of the piers being 1 95 Lines to the underside of the arch, and 216 to the top 
of the extrados, it follows that the arm of the lever, which is the same for all the wedges, 
is 206J, from which we derive for the thrust p of foe formula, 

X= 26c 55 __a 

a aa b 

= 1338-07 X 206*33 = 276084 ; 

b which expresses foe area of the half arch = 1 21 9^ ; c which expresses the distance of its 
centre of gravity from foe vertical Fn=24, and the height of the pier a =21 6. Now, sub- 
stituting these values in the formula, we Bha.ll have 


^/ W6084xii-2439»ii4 12 19ix 12194 ^401 

216 216x216 216 =4^ 

Experiment gives 44 lines for the least width of foe piers upon which foe model will stand. 
But it is right to ol»erve that from the impossibility of the joints being perpendicular to 
foe intrad<», foe forces of the wedges press in a folse directicm on each other, as will be 
seen by foe lin» Fa, Ic, 2e, 3^, perpendicular to the joints against which foe forces are 
direct^ so that such an arch only stand when foe perpendicular FG does not fell 
within foe thickness of the arch*,; and, indeed, this sort of arch is 
only secure when it comprises an arc whose thickness is equal to 
the sectiim upon the piers IF, as shown in Jig. 570. 

Observations on the Wag in which Stones forming an Arch act to 
support one another. 

1390. Let the semicircular arch AHCDNB {Jig. 571.) consist 
of an infinite number of voussoirs acting without friction, and only 
kept in their places by their mutual forces acting on each other. 

It will follow — 

1. That the first voussoir, represented by foe line AB, having its 
Jmnts senribly parallel and horizontal, will act with its whole weight 
in the vertical direction IE to strengthen foe pier. 
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2. That the rertical Toussoir CD, which represents the keystone, having also its joints 
sensibly parallel, will act with its whole weight horizontally to overturn the semioarches and 
piers which carry them. 

3. That all the other voussoii^ between these two extremes will act with the compound 
forces G», am, mi, K4 KA, hg, gf, /T, which may each be resolved into two others, whereof 
one is verticjd and the other horizontal : thus the compound force KA is but the result 
of the vertical force 4A, and the horizontal force 4K. 

4. That the vertical force of each voussoir diminishes from T to G, where, for the key* 
stone CD, it becomes nothing, whilst the horizontal forces continually increase in an in* 
verse ratio ; so that the voussoir HN, which is in the middle, has its vertical and horizontal 
forc^ equal. 

5. That in semi-circular arches whose extradosses are of equal height from their in- 
tradosses, the circumference passing through the centre of gravity of the voussoirs may 
represent the sum of all the compound forces with which the voussoirs act upon one 
another in sustmning themselves, acting only by their gravity. 

6. That if from the points T and G the vertical TF and horizontal GF be drawn meet- 
ing in the point F, the line TF will represent the sum of the vertical forces which assist the 
stability of the pier, and FG the sum of the horizontal forces which tend to overthrow it. 

7. lliat if through the point K the horizontal line IKL be drawn between the parallels 
FT and CO, the part IK will represent the sum of the horizontal forces of the lower part 
AHNB of the vault, and KL those of the upper part HCDN, 

8. The lower voussoirs between T and K being counterpoised by their vertical forces, 
the part of the arch AHNB will have a tendency to fall inwards, turning on the point B, 
whilst the voussoirs between K and G being counterpoised by their horizontal forces, the part 
HCDN of the arch will re-act upon the lower part by its tendency to turn upon the point A. 

9. The horizontal forces of the upper part of the arch shown by KL acting from L 
towards K, and those of the lower part shown by IK opposite in duection to the former, 
that is, from I to K, being directly opposed, would counterpoise each other if they were 
equal, and the arch would have no thrust ; but as they are always unequal, it is the dif> 
ference of the forces which occasions the thrust, and which acts in the direction of the 
strongest power. 

10. If we iiTiAg ine the width BO of a semi-arch constantly to diminish, its height 
remaining the same, the sum of the horizontal forces will diminish in the same ratio, so that 
when the points B and O are common, the horizontal force being annihilated, nothing 
re mains but the vertical force, which would act only on the pier, and tend to its stability, 
thrust vanishing, because, instead of an arch, it would, in fact, be nothing more than a con- 
tinued pier. 

11. if on the contrary, the height OD diminishes, the width BO remaining the same, 
the curve B and D would, at last, vanish into the right line BO, and the arch would 
become a straight one. In this case, the vertical forces which give stability to the pier 
being destroyed, all that remains for sustaining the arch are the horizontal forces which will 
act with the whole weight of the arch ; whence this species of arches must be such as 
exert most thrust, and circular arches hold a middle pl^e between those which have no 
thrust, and flat arches, whose thrust is infinite, if the stones whereof they are formed could 
slide freely on one another, and their joints were perpendicular to their lower surfoces, as in 
other arches. 

12. The inconvemences which result from making the joints of fiat arches concentric 
have been before noticed. If the stones could slide fr^ly on one another, as they only act 
in a folse direction, their forces could never either balance or destroy one another. 

13. A vast number of experiments made by Rondeiet, upon fifry-four models of arches of 
different forms and extradc^ses, divided into an equal and unequal number of voussoirs, 
showed that the voussoirs acted rather as levers than as wedges, or as bodies tending to 
slide upon one another. 

14. As long as the piers are too weak to resist the thrust of the voussoirs, many of them 
umte as one mass, tending to overturn them on a point opposite to the parts where the joints 
op^ 

15. Arches whose voussoirs are of even number exert more thrust than ^ose which are 
of unequal number, that is, which have a keystone. 

16. In those divided into uneven numbers and of unequal size, the larger the keystone 
the less is their thrust, so that the (^e of the greatest thrust is when a joint is made at the 
vertex, as in the case of arches whose voussoirs are divided into equal numbers. 

17. A semicircular arch divided into four equal parts has more thnist than one divided 
into nine equal voussoirs. 

1 8. Arches including more than a semicircle have less thrust than ^ose of a similar 
span, the intradosses and extradosses being of similar forms. 

1 9. Thrust not increase as the thickness of an arch increases ; so that, OBteris paribus, 
an arch of double the thickness has not double the thrust. 
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20. A senucircular arch whose extrados is equally distant throughout 
firom, or, in other words, concentric with, the intrados, when divided into 
four equal parte, will only stand when its depth is less than the eigh- 
teenth part of its diameter, even supposing the abutments immoveable. 

21. Whenever, in an arch of voussoirs of equal depth, a right line can 

be drawn from its outer fulcrum to the centre of the extrados of the 
keystone 572.), fracture does not occur in the middle of the 

haunches if the piers are oS the same thickness as the lower part of the arch. 

22. Arches whose thickness or depth dinuni^es as they rise to the 
vertex have less thrust than those whose thickness is equal throughout. 

23. Semicircular and segmental arches whose extrados is an hori- 
zontal line have less thrust than others. 

24. As long as the piers in the models were too weak to resist the 
thrust, it was possible to keep them in their places by a weight equal to 
double the difference between the thrust and resistance of one pier, 
acting by a string suspended passing through the joints in the middle of 
the haunches, or by a weight equal to that difference placed above each 
middle joint of the arches, as in fig. 572. 

From these experiments and many others, a fbmuila has be^ 
deduced to determine the thickness of piers of cylindrical arches of 
all species whose voussoirs are of equal depth, whatever their forms ; 
and to this we shall now introduce the reader. 



Fiff.573. 


Method. 


1391. Having described the mean circumference GXT (^figs. 573,574.), fium the points 
G and T draw the tangents to the curve meeting in 
the point F. From this point draw the secant FO 
cutting It in the point K. This point is the place 
of the greatest effort, and of the consequent failure, 
if the thickness of the piers is too weak to resist the 
thrust. 

1392. Through the point K, between the parallels 
TF and GO, dww the horizontal line IKL, which 
will represent the sum of the horizontal forces as 
will the vertical TF express the vertical forces; 
the mean circumference GKT will express the com- 
pound forces. 

1393. The arches having an equal thickness 
throughout, the part IK of the horizontal line 
multiplied by the thickness of the arch will ex- 
pre^ the horizontal effect of the lower part of either 
arch, and KL multiplied by the same thickness will 
express that of the upper part. These two forces 
acting in opposite directions will partly destroy each 
other; thus transferring IK from K to m, the difference wiE multiplied by the thickness 
of the vault will be the expression of the thrust. This force acting at the point K in the 
h<mzontal direefron KH, the arm of the lever is determined by the perpendicular PH raised 
from the fulcrum F of the lever to the direction of the thrust, so that its effort will be ex- 
pressed by i»L X AB X PH. 

This will be resUted 

1. By its weight represented by the sur&ce EP x PR multiplied by the arm of the lever 
PS, determined by a vertical let fell from the centre of gravity Q, which gives for the 
resistance of the pier the expre^ion EP x PR x PS. 

2. By thesumofthe vertical efforts oftbeupperpartof each arch,represented by MK X AB 

acting at the point K, the arm of their lever in respect of the fulcrum P of the pier being KH. 

3. By the sum of the vertical efforts of the lower part represented by IT multiplied by 
AB acting on the point T has for the arm of its lever TE. Hence, if eqiuHbrium exist, 

mL X AB X PH = PE x PR x PS+ MK x AB x KH + IT x AB x TE, 



But as in this equation neither PR ( = BE) nor PS nor KH nor TE is known, we must 
resort to an algebraic equation for greater convenience, in which 

The effect of the thnist in the expression mL x AB =p 
Th^ height of the pier PE - . . 

EH = TI^KL = KV - - . . 

PH + d 

EB=PR 
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The sum of the vertical forces of the upper part or 


MKxAB =m 

The sum of the forces of the lower part IT x AB =n 

The part t'K of the horizontal IKL - - ssc 

TB equal to half the thickness of the arch - r=e 

The arm of the lever KH _ . . s-c x t 

That of TE - - • - - =x--e 


Thus the first equation becomes pa (c x ar) + » (ar— c). 

Or pa Y.pd=^ ■¥mx-\-mc 4- nx—7ie» 

Transferring the unknown quantities to the second side of the equation, we shall 
have + mx + nx =pa + pd-¥ ne—mc. 

Multiply all the terms by 2, and divide by a, in order to get rid of xx, and we 
have arar+ ^ -=2p-i- » 

Making m + « = 6, and adding to each member ^ for the purpose of extracting 
the root of the first member, 

We have + ^ + + + 

Extracting the root, a: + ^ = v/ 2p + ^ ^ . 

And lastly, i = V/ 2y) + + Hi “a" 


1394. This last equation is a formula for finding the thickness of all sorts of arches 
whose voussoirs are of equal depth, which we will now apply to fig. 573. The model was 
36 inches and 3 lines in span. The arch consisted of two concentric circles, and it was 
divided into four equal parts, a vertical joint being in the middle, the two others being 
inclined at angles of 45 degrees. The piers whereon it was placed were 40 inches and 4 lines 
high, and on a very exact measurement the values were as follow r — - 


PE (a in the formula) was 

EH * TI = KL - KV (d in the formula) 

ML X AB (p in the formula) representing the thrust or 8*127 x 3 

2p*«>***-- 

2pd*48‘762 X 13*876 - . - - . 

2MK X AB X KH represented by 2mc (*^5*749 x 3 x 4*249) - 
2wtf, which is IT X AB X AB ( = 13*876 X 3 X 3) 

6=n, + B==.(MK + IT)xAB ( = 19-625x3) - 

o = EP, the height of the pier being 40*333, | will be 1^ - .^ or 

hb 

fla " * ” * 


40*333 

13*876 

24*381 

48*762 

676*621 

73-282 

124*824 

58-875 

1-459 

2*128 


Substituting these values in the formula x~s/ 2p + ^ ^ 


we have x = v/48-762 + + 2*128-1 *459; 

which gives a: = 5 -8, or 5 inches 9^ lines for the thickness of the piers to resist the thrust of 
the arch, supposing it to be perfectly executed. But, from the imperfection of the execution 
of the model, it was found that the piers required for resisting the thrust a thickness of 
6 inch^ and 3 lines. 

1395. When the piers of the model were made 7* inches thick the arch on its central 
joint was found capable of supporting a weight of three pounds, being eqnal to an ad- 
dition of 8 superficial inches beyond that of the upper parts of the arch which are the 
cause of the thrust, and this makes the value of 2p in the formula 56*762 instea d of 48 *7 62, 

and changes the equation to 56*762+ + 2*430— 1*55; from 

which we should obtain x = *I *366 inches, or 7 inches 3^ lines, exhibiting a singular agree- 
ment between theory and practice. Rondelet gives another method of investigating the 
preceding problem, of which we do not think it necessary to say more than that it 
agrees with that just exhibited so singularly that the result is the same. It is dependent 
on the places of the centres of gravity, and therefore not so readily applicable in pxactice as 
that which has been just given. 


Second Experiment. 

1396. Fig. 567., in a preceding page, is the model of an fuch in freestone, which has been 
before considered. It is divided into nine equal voussoirs, whose depth to the extrados is 
21 lines, and whose interior diameter is 9 inches. 
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mL X AB expressed 

560-70 
1121-40 
45-60 
5113-584 


20109-60 


6667-92 


6-94 

x= 4 / 1 1 21 -40 + ^48-163-694=^28-62 lines, 

instead of 28^ before found. 

Geometrical Application of the foregoing. 

1398. Let the mean curve TKG of the arch (whatever its form) be traced as in 
figs. 573, 574., the secant FO perpendicularly to the curve of the arch, and through the 
Domt where the secant cuts the mean curve, having drawn the horizontal line IKL, and 
raised from the point B a vertical lute meeting the horizontal IKL In the point a, make 
Km equal to tK, and set the part mL from B to h, and then the double thickness of the 
arch from B to a. Let An be divided into two equal parts at the point d, from which as a 
centre with a radius equal to half An, describe the semi>circumference of a circle which will 
cut in £ the horizontal line BA prolonged. The part B£ will indicate the thickness to be 
given to the piers of the arches to enable them to resist the thrust. 

1399. TTie truth of the method above given depends upon the graphic solution of tne 
following problem : To find the side BE of a square which shall be equal to a given sur- 
face mL X 2e ; an expression which is equivalent to and we have already seen that 
xs^V^p was a limit near enough ; hence we may conclude that the thickness BE obtained 
by the geometrical method will be sufificiently near in all cases. 

Experiments on surmounted Arches* 

1400. The interior curve of fig. 574. is that of a semi-ellipsis 81 lines hl^ ; it b divided 
into four parts by an upright joint in the crown and two others towards the middle of the 
haunches determined by the secant FO, perpendicular to the interior part of the curve. 
Having traced the mean circumference GKT, the horizontal 1KT«, and the vertical Bt, 
we shall find 

KL . 

IK - 

iK - 

IT - 

MK^d ... - 

The effect of the thrust indicated by KL — iK =mL will be 
19} X 9, which gives for the expression p of the formula • 

2p therefore - . - . 

d being 66*5, 2pd will be 351 x 66*5, which gives 
m, which is KM x AB, will be 19 x 9, which gives 
c, that is, iK, bring 17} lines, we have 2m€= 171 x 17} x 2, which 
gives - - - . 

The height of the piers a - 

b, which expresses the sum of the vertical efforts m + n, will be 
equal to MK-f IT x AB or 19 + 66} x 9, which gives 
Hence I which gives - - . 

And - gives - - - - 

SabsBtating these values in the formula, *=v^ 2p + 

We have the equation x = \/ 351 120 ^^- +41-11 —6-41 = 16-77 


36f 

2 l| 

171 

66i 

19 


175-5 
351-0 
23341 -5 
171 -0 

5899-50 

120-00 


769-50 
6-41 
41 -11 


1397. Having drawn the lines heretofore described, we shall find 
in the formula by 

p=26-7 X 21, which gives . . . 

And for 2p - 

EH = TI = KL=KV, expressed by d, will be 
Hence 2pd . . - - 

2ne, which is twice the vertical effort of the lower part of 
the arch, multiplied by | AB, wiU be 45*6 x 21 x 21, 
which gives - . - - 

2mc, which indicated twice the vertical effort of the upper 
part, multiplied by iK, will be f8-9 x 21 x 2 x 8 -4, which 
gives - . - - 

a, which represents the height of the piers, being 1 95, and 
6=ja + n=564-5 x 21 =1354*5, 

^ will become 

And all these values being substituted in the formula, will give 
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lines, oi a little more than 1 6| lines. The model of this arch would not however stand 
on piers less than 17 lines thict 

In taking the root of double the thrust the result is 18| lines, as it is also by the geo- 
metrical method. 

Application to the Pointed Arch. 

1401. 'Ihe model which Jig, 575. represents was of the same height 
and width as the last, and the voussoirs were all of equal thickness. 

Having laid down all the lines on the figure as before, we shall find iK 
of the formula to be 

wherein 

jr » a aa a 

c - - - - - =-20 

KL - - - - - = 34 

nih - - - - - a=14 

IT, represented by d, - - - = 63 

MK - - - . = 23 

AB - - - . = 9 

mla X AB, represented by p in the formula, will 

be 14x9 - - - - = 126 

and 2p - — 252 

2pd will be 252 x 63, which gives - - = 1 5876 

wi, which is KM x AB or 23 x 9, - - =* 207 

2m = 414, 2mc = 414x20 - - = 8280 

Hie height of the pier, represented by a, being 120, we have 63*8 ; 

6, or FT X AB, will be 86 X 9 = 774; whence ^=6*45,and^ =: 41*60. Substituting 
these values in the formula 

V252 + 63*8 + 41 *6 — 6. 45 = 12*46 lines for the thickness of the pier. 

In taking the square root of double the thrust the thickness comes out 15*88 lines, as it 
does by the geometrical method. Experiments showed that the least thickness of piers 
upon which the model would stand was 14 lines. 



Pig. 575. 


Application to a surmounted Caterutrean Arch, 

1402. The lines are all as in the preceding examples 576.). 
Ihe whole arch acts on the pier in the direction FT, which is resolved 
into the two forces Tf and Tin, and the formula, as before, is 


. bb b 

P=:V'2p + ~--; 


thus having found Bm=22j, we have the value of />=22jx 9 = 201 ; 
and ^=402. 

1403. This model was of the same dimensions as the preceding: 
6, which represents l/x AB, will be 769*5; ^ will be 6*41, and 
= 41 *1 1 . These values substituted in the formula give 
x= ^402 + 41*11—6*41 =14*64 lines. 


3404. Experiment determined that the pier ought not to be less 
than 16 lines, and the geometrical method made it 20*05. 

Ihe following table shows the experiments on six difierent models. 



r«. 576. 


Tbtcknefs of the Piers. 

F<mnofArch. » — , - * 



Lines. 

Lines. 

Lines. 

The pointed 

12-46 

14-00 

15-88 

The catenary 

14-64 

15-00 

20-05 

The cycloid 

14:66 

15-00 

17-24 

The parabolic 

15-85 

16-50 

21-30 

The elliptic 

16-77 

17-00 

18-75 

The nagginnifl 

19-62 

21-00 

20-79 
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This table ^ows that, in practice, for surmounted arches, the limit ar— or the thick- 
ness obtained for the construction by graphical means is more than sufficient, since it gives 
results greater than those that the experiments require, excepting only in the cassinoid ; but 
even in the case of that curve the graphical construction comes nearer to experiment than 
the result of the first formula. 

1 405. It is moreover to be observed, that the pointed is the most advantageous form for 
surmounted arches composed of arcs of circles. We have had occasion to ^eak, in our First 
Book, of the boldness and elegance exhibited in this ^ecies of arches by the architects of 
the twelfth and thirteenth centuries ; we shall merely add in this place that where roo& are 
required to be fire-proo^ there is no form so advantageously capable of adoption as the 
pointed arch, nor one in which solidity and economy are so much united. 

1 406. Next to the pointed arch for such purpose comes the catenary (the graphical 
method of describing which wUl be found under its head, in the Glossary at the end of the 
work), and this is more especially useful when we consider that the voussoirs may all be of 
equal thickness. 


Application of the Method to surbased Arches, or those tchoae Rise is less than the Half Span, 

1407. For the purpose of arriving at just conclusions relative to surbased arches, three 
models were made of the same thicknesses and diameters, with a rise of 35 lines, and in 
form elliptical, cassinoidal, and cycloidaL We however do not think 
it necessary, ^m the similarity of application of the rules, to give 
more than one example, which is that of a semi-ellipse 577.), 
in which, as before, the formula is 


a aa a 

The lines described in the foregoing examples being drawn, we have 

KL=45*5 
tK= 8*5. 

IT, represented by d in the formula, • - = 

MK - - = 

mL X AB representing the thrust (37 x 9) gives 
the value of p - - - - » 

2p therefore • =s 

TI, represented by df, being 24*84, we have 2pd - 
m, which is KM x AB, will be 14*66 x 9, which gives 
c, representing tK, being 8*5, 2toc 
2», which expresses the sum of the vertical efforts m + 7i(39’5 x 9) 
a, being always 120, ^ is - 

LasUy.l^ - 

Substituting these values in the formula, we have 


24-84 

14-66 


333-00 

666-00 



8-76 


x= V666 + + 8 -76 - 2-96 =25-22 Hues, or a Uttle less than 2SJ Hn~ 


1408. In the model it was found that a thickness of 26 lines was necessary for the pier, 
and the lower voussoirs were connected with it by a cementing medium. Without which 
precaution the thickness of a pier required was little more than one tenth of the opening. 
Taking the square root of double the thrust, that is, of 666, we have 25-81, about the same 
dimension that the graphical construction gives. The experiments, as well as the applica- 
tion of the rules, require the following remarks for the use of the practical architect. 

1409. I. nie cassinoid, of the three curves just mentioned, is that which includes the 
greatest area, but it causes the greater thrust. When the distance between the intrados 
and the extrados is equal in all parts, it will only stand, supposing the piers immoveable, as 
long as its thickness is less than one ninth part of the opening. 

1410. II. The cycloid, which includes the smallest area, exerts the least thrust, but it 
can he usefully employed only when the proportion of the width to the height is as 22 to 
7 in surbased arches, and in surmounted arches as 1 4 to 1 1 . The smallest thickness with 
which these arches can be executed, so as to be capable of standing of themselves, is a little 
more than one eighteenth of the opening, as in the case of semicircular arches. 

1411. III. The ellipas, whose curvature is a niean between the first and second, serves 
equally well for all conditions of height, though it exerts more thrust than the last-men- 
tioned and less than the cassinoid. 

1 412. It is here necessary to remark, that too thin an arch, whose voussoirs are equal in 
depth, may &11, even supposing the abutments immoveable, and especially when surbased - 
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because, when once the parts are displaced, the force of the superior parts may lift up the 
lower parts without disturbing the abutments. 


Raking Arches. 

1413. Let ACA' 578») be the model of a raking arch of the same diameter and 
thickne^ as the preceding example, the voussoirs of equal 
thickness, and the piers of different heights, the lowest being 
1 0 inches or 1 20 lines in height, and the other 1 4^ inches or 
174 lines. The tangent at the summit is supposed parallel 
to the raking lines that connect the springing. 

1414. This arch being composed of two different ones, 
the mean circumference on each must be traced, and each 
has its separate set of lines, as in the preceding examples ; 
the horizontal line KL of the smaller arch is produced to 
meet the mean circumference of the other in S> and the in- 
terior line of its pier in g. 

1415. The part KLS represents the horizontal force of 
the part of the arch KGS, common to the two semi-arches ; 
so that if a joint he supposed at S, the part LK represents 
the effort acting against the lower part of the smaller arch, 
and LS that agmnst the lower part of the larger arch. 

These p^u^ resist the respective efforts as follows : the 
small arch with the force represented by t'K, and the 
greater one with the force represented by ^I’S. But as 
is greater than LS, transfer LS from p to / to obtain the difference /S, which will show 
how much LS must be increased to resist the effort of the larger half arch; that is, the 
effort of the smaller one should be equal to L/; but as this l^t requires for sustmning 
itself that the larger one should act against it with an effort equal to KL, this will be 
the difference of the opposite effort, which causes the thrust against the lower part of 
the smaller arch and the pier from whence it springs. Hence, transferring /L from L 
to g, taking the half of tg and transferring it from L to A, the part 4K multiplied by the 
thickness AB will be the expression for the thrust represented by /> in the formula 

^ a ^ aa a 



Fix. 578. 


Having found AK=30^ and ABs9, we have for the value of p SOjx 9=274J, and for 
that of 2p —549, d which represents IT, being 29^, 2pd=s 1 61 95J, In 2mc j m, which repre- 
sents MK X AB, will be 12^x 9^111, and 2m— 222. 

c, which represents t'K, being 8, we have 2 toc = 222 x 8*sl776, 

The height of the pier represented by a being 174, we have 


Zpd-'imc 


161951-1776 

174 


= 82-81 


The vertical effort represented by 6, or TF x AB, will be 41 J x 9 = 375, 

and ^ becomes - - - - - - = 2*15 

and^, - - - = 4-64 

Substituting these values in the formula, we have 

->^549 + 82*81 +4*64— 2*16=23-08 for the thickness of the greater pier from 
which the smaller semi-arch springs. 

For the half of the greater arch, having produced the horizontal line IK'L', make 
K'r equal to VL', and bisect rL' in the line K'^ represents the effort of the 
smaller agmnst the greater arch, which resists it with a force shown by t'K' : 
thus making K'g' equal to t'K, the efibrt of the thrust will be indicated by 
q't X AB, whose value p in the formula will be 


20 x 9 = 180, and 2p - - - 

d, which is TI, being 69§, 2pd will 

In 2mc, m being 26 x 9=234, and c being 23|, 2mc 

а, the height of the smaller pier 

We have which becomes 

б, which is TF x AB, will be 95| x 9 

5=S=7-175,and § ... 

Substituting these values in the formula, we have 


= 360 

= 25080 
= 10842 
= 120 
= 118-65 

= 861 
= 51-48 


x= V360 + 118-65 + 51 -48 — 7-175 = 15-855 lines for the thickness of the smaller pier. 
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Takii^ the square toot double the thrust, we should have for the larger pier 23 *44 line^ 
and for the smaller one 19 lines. In the geometrical operation, for the larger pier make 
Bm equal to AK and Bn equal to 2AB ; then upon t<n as a diameter describe a semicircle 
cutting the horizontal line BA produced in E. BE will be the thickness of the pier, and 
will be found to be 23} lines. For the smaller pier make Wu' equal to q't and Wnf equal 
to 2A'B'. Thra the semimrcumference describe upon tm as a diameter will ^Te^ 19 lines 
for the thickness. 

1416. By the experiments on the model 22 lines was found to be the Biickness necessary 
for the larger pier, and 1 8 lines for the smaller one. 


Arch with a levd Exirados. 

1417. The model o£ arch Jig, 579. is of the same opening as the last, 
but with a level eztrados, serving as the floor of an upper story. The 
thickness of the keystone is 9 lines. To And the place of fracture or 
of the greatest effort; having raised from the point B the vertical BF 
till it meets the line of the extrados, .draw the secant FO cutting 
the interior circumference at the point K, and through this point 
draw the horizontal IKL and the vertical HKM 

The part CDKF will be that which causes the thrust, and its effort 
is r^resented by 

KL, which will be found ... 

FH=TK, which is c in the formula, will be 
The arch or circumference ED of 10° 36' 

The arch KB - . - - 

The arch DEB . - - - 

EH, represented by d, 

The vertical HKM - - - - 

The height of the pier, represented by a in the formula, 

The area of the upper vcmssoir FECD=s667*44 ; but as the load of the haunches is borne 
by the inferior voussoir, we must subtract the triangle FKH = *^ ^^^ =207*46. The 
remainder 459*98 multiplied by KL and divided by the arc ED, that is, 

422*24, represents the effort of the upper part. 




p sa 


Fig. 579. 


1418. That of the lower part, represented by 


FBKHxIK 


651 -07 X 18-86 
46.57 


which becomes 


263*67. The difference of the two efforts s=l 58 *5 7 will express the thrust or of the 
formula, and we have 2p^S17'14. 

1419. The piers being supposed to be continued up to the line EC of the extrados will be 
greater than the arm of the lever of the thrust which acts at the point K. Thus the ex- 
presrion of the arm of the lever, instead of being a + as in the preceding examples, will be 
a— and the sign of must be changed. Innuinbers, j^^ =38 *12; therefore,in the 
formula, + ^ becomes — 38 *1 2. 

1420. ha the preceding examples, 27nc, which represented double the vertical eff>rt of the 
superior voussoir mulriplied by the arm of its lever, becomes nothing, because it is comprised 
in the ad^ticm made to the lower voussoir ; so that the formula now is 


b, ^ 1 ^ whi^ always mqpresses the verti^ eff>rt of the half arch, is thei-efom 
=824-94; and for| we have ^^=4-5, and ^=20-25. 

Substhuting these values in the last fbnnula, we shall have 

x=V31 9-14 — 38-12 + 20 -25 — 4-5 = 12-88 lines. 

Experiment gives 14 lines as the least thickness that can be relied on. 

To find the thickness by the geometrical method, make Km equal to IK and Bi equal to 
mli. Bn to double CD, and upon .A as a diameter describe the semicircnmference cutting 
the horizontal line OB product in A : then BA=17^ lines is the thickness sought. 

1421. Rondelet proves the preceding results by using the centres of gravity, and makes 
the result of the operation 12-74 instead of 12-80, as first foimd. But the difficulty 
of fiB#K *6 centres of gravity of the different parts is troublesome ; and with such a 
conceBfence of results we do not tlunk it necessary to enter into the detail of the opera- 


tion. 
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A dijffkrent Application of the preceding Examjde^ 

1422. 'Hie model (^. 580.) is an arch similar to that of the pre- 
ceding example, having a story above it formed by two walls, 
whose height is 100, and the whole covered by a timber roof. 
The object of the investigation is to ascert^ what change may 
be made in the thickness of the piers which are strengthened in 
their resistance by the additional weight upon them. 

1423. The simplest method of proceeding is to consider the upper 
walls as prolongations of the piers. 

1424. In the model the walls were made of plaster, and their 
weight was thus reduced to | of what they would have been if of 
the stone used ibr the models hitherto described. Tlie roof weighed 
1 2 ounces. We shall therefore have that 1 00, which in stone would 
have represented the weight of the walls, from the difference in 
weight of the plaster, reduced to 75. In respect of the roof, which 
weighed 12 ounces, having found by experiment that it was equal 
to an area of 576 lines of the stone, both being miuced to equal 
thicknesses, we have 12 ounces, equal to an area of 13*82 whose half 
6*91 must be added to that of the vertical efforts represented by 5 in 
^ and Changing these terms into^ and the formula becomes 




Up. 


a aa" 



The height of the piers or a in the formula^l83 +75 = 258. 
jp does not change its value, therefore 2p (as in the preceding 
example) 3= 265 *86. 

the difference between the height of the pier and the arm of the lever, will 75. 


Hence, 


gpd 565*85 x 75 


■ 258 " 


=77*28. 


A, becomes 750*69 + 691 =1441 *69. 

Again, ^ = 31 -22. 

Substituting these values in the formula, we shall have 


X = ^265 *86 - 77 *28 + 31 *22—5 ’58 = 9 *1 5. 

In the model a thickness of 1 1 lines was found sufficient to resist the thrust, and taking 
the root of double the thrust the result is 13 lines. 

1425. By the geometrical method, given in the last, taking from the result 17^^ lines, 
there found, the value of that is, 5 *58, the remainder 1 1 1 
lines is the thickness sought. 

1426. It maybe here observed, that in carrying up the 
walls above, if they are set back from the vertical B F 
in kfy the model required their thickness to be only 6 
lines, because this species of false bearing, if indeed it 
can be so called, increases the resistance of the piers. 

This was a practice constantly resorted to in Gothic 
architecture, as well as that of springing pointed arches 
from corbels, for the purpose of avoiding extra thickness 
in the walls or piers. 

Another Application of the Principles to a differendg 
constnteted Arch. 

1427. The model (fg. 581.) represents an arch of 11 
voussoirs whereof 1 0 are with crossettes or elbows, which 
give them a bearing on the adjoining horizontal couri^s ; 
the eleventh being the keystone. The opening is 9 inches 
or 108 lines, as in the preceding examples. 

1 Having drawn the lines BF, FC, the secant FO, 
and the horizontal line IKl., independent of the five 
courses above the line FC of the extrados, we have 



Fig. ^1. 
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KL =a 30*73 
IK =» 23*27 
OC=BF — 78*00 
The arc KD = 32*70 
The arc KB = 52*15 
KG = 33*59 
a, the height of the pier, =198 *00. 

The area KFCL of the upper part of the arch will be 1223*10, from which subtracting 
that^f the triangle FKG, which is 590*82, the remainder 832*28 being multiplied by 
30*73 and divided by 32*7 makes the eflFort of this part 782*44. 

1429. The area of the lower part is 697 *95, to which adding the triangle FKG=390*82, 
we have 1088*77, which multiplied by 23*27 and divided by 52*15, gives 485*82 for its 
effort. The expression of the thrust, represented by p in the formula, 

^ + ^ to the difference of these two efforts, 

will be 296 *62, and twice p - - = 593 -24 

representing KG, being • . = 33*59 

we have 2pff=19926'93, and - =100*64 


6, representing the sum of the efforts of the semi- arch, will be = 1762*03 


' 198 


“=8*9 and 


79*21 


Substituting these values in the formula, we have the equation 

x=i V593-24 -100*64 + ^^ -8*9 = 15*01. 


By taking double the square root of the thrust the result is 23*91, a thickness evidently 
too great, because the sum of the vertical efforts, which are therein neglected, is con- 
siderable. 

1430. The geometrical method gives 19 lines. The least thickness of the piers from 
actual experiment was 16 lines. 

1431. Rondelet gives a proof of the method by means of the centres of gravity, as in 
some of the preceding examples, from which he obtains a result of only 1 3*26 for the thick- 
ness of the piers. 


Consideration of an Arch whose Voussoirs increase towards the Sprin^ng, 

1432. The model (y?y. 582.) has an extrados of segmental form not 
concentric with its iutrados, so that its thickness increases from the 
crown to the springing. The opening is the same as before, namely, 

9 inches, or 108 lines. The thickness at the vertex is 4 lines, towards 
the middle of the haunches lines, and at the springing 14^ lines. 

*11ie centre of the line of the extrados is one sixth part of the chord 
AO below the centre of the intrados ; so that 

The radius DN = 68*05 
KU = 38*18 
1K = 15*82 
The arc BK = KC = 42-43 

1433. The area KHDC of the upper part of the arch is 258*75> 

that of the lower part BAHK 486 ‘5 ; hence the effort of the upper 
par| is represented by the expresrion = 232-47. 

1434. The half segment ABe bdng supposed to be united to the 
pier; BeHK, whose area is 178, b the only part that can balance the 

178x 15*83 

upper effort ; its expression will be - “ 66-24. The difference 

of the two efforts 166-23 will be the expression of the thrust represented by » in the 
formula 





Thus 2p 

1B= KL, indicated by d. 

Which makes the value of 2pd 


> , 'tpd—2mc bb b 

<* aa~‘ a 


The vertical effort of the upperpart indicated by _ 

and for 2pm 

The value of e bmng 15-82, we have 2mc 


332-46 
38-18 
= 18693-92 

96-30 
= 192-60 

= 3046-50 
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The height of the piers being still 120, we have 

2pd-2»»c 12693 ^ 3 — 3046'5 

a ~ 120 

b, which indicates the vertical effort of the half arch repre- 
sented by FB, will be 
b 473-48 
5—120 

These values being substituted in the formula, will give 

x=V332-46 + 80*39 + 15*56-3-95 = 16-74 lines. 

1435. The smallest thickness of pier that would support the arch in the model was 
17| lines. 

1436. With the geometrical method, instead of the double of CD, make BA double the 
mean thickness HK, and Bn equal to mL, and on nA as a diameter describe the semicir* 
cumference cutting OB produced in E ; then EB = 18J lines will be the thicknes's sought. 

1437. If the pier is continued up to the point e where the thickness of the arch is dis- 

esgaged from the pier, the height of the pier represented in the formula by a will be 151 *5 
instead of 1 20, and the difference b, instead of being will be only 

= 277*46. 

1438. d, expressed by le, will be 6*5, all the other values remaining the same as in the 
preceding article, the equation is 

x= -v/332*46-5*71 +4-2 = 16*21. 


« 80*39 

« 473*48 
=« 3*95 

« 15*56 


1439. Using the method by means of the centres of gravity, Rondelet found the result 
for the thickness of the piers to be 15*84. So that there is no great variation in the difr 
ferent results. 


1440. In the preceding examples arches have been considered rather as arcades standing 
on piers than as vaults supported by walls of a certain length. We are now about to con- 
sider them in this last respect, and as serving to cover the space enclosed by the walls. 

In respect of cylindrical arches supported by parallel w^ls, it is manifest that the re- 
sistance they present has no relation to their length ; for if we suppose the length of the 
vault divided into an infinite number of pieces, as C, D, E, &c. (Jig> 584. No. 2.), we shall 
find for each of these pieces the same thickness of pier, so that all the piers together would 
form a wall of the same thickness. For this reason the surfaces only of the arches and 
piers have been hitherto considered, that is, as profiles or sections of an arch of any given 
length. Consequently it may be said that the thickness of wall found for the profile in 
the section of an arch would serve for the arch continued in length infinitely, supposing 
such walls isolated and not terminated or rather filled by other walls at their ends. When 
cylindrical walls are terminated by walls at their extremities, after the manner of gable 
ends, it is not difficult to imagine that the less distant these walls are the more they add 
stability to those of the arch. In this case may be applied a rule which we shall hereafter 
mention more at length under the following section on W'^alls. 

1441. If in any of the examples 582. for instance) PR be produced indefimtely to 

the right, and from R on the line so produced the length of the wall supporting the arch 
be set out, and if from the extremity of such line another be drawn, as TB produced 
through B, indefinitely towards a, and Bd be made equal to the thickness of the pier first 
found, a vertical line let fall from a will determine the thickness sought. When arches 
are connected with these cross walls, the effect of the thrust may be much diminished if 
they are not very distant. If there be any openings in the walls, double the lengUi of 
them must be ^ded to that of the wall as well as of * 


any that may be introduced in the gable wall. 

1442. JPtg. 583. represents the mode in which an arch 
foils when the piers are not of sufficient strength to resist 
the thrust ; they open on thelower part of the summit at DM 
and on the upper part of the haunches at HN ; from which 
we may infer that the thrust of an arch may be destroyed 
by cramping the under side of the voussoirs near the 
summit and the upper side of those towards the middle of 
the haunches ; mid this method is greatly preforable to 
chmns or iron bars on the extrados, because these have 
no effect in preventing a failure on the underside. Chains 
at the springing will not prevent failure in arches whose 
voussoirs are of equal depth but that too small, inasmuch 
as there is no counteraction from them against the bulging 
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that takes place at the haunches, like a ho(^ loaded when its ends are fixed. The most 
advantageous position for a chain to oppose the effort of an arch is to let it pass through the 
point K where the efforts meet. PC is the tangent befijre &ilure, and O the centre ; R 
hmng the inner point a( the pier. 


OF ooMPOunn vaulting. 

1 443. M. Freaer, in speaking of the thrust of this sort of arches, proposes, in order to find 
the^ckness of the piers which will support them, to find by the ordinary manner the 
th^^ess suitable to each part of the cylin- 
drical arch BN, BK (No. 3. Jig. 584.) by 
which the groin is formed, making BE the 
thickness suitable to the arch BN, and BF 
that which the arch BK reqnires ; the pier 
BEHF would thus be able to resist the 
thrust of the quarter arch OKBN. Ac- 
cording to this method we should find the 
bay ofa groined arch 9 inches opening would 
not require piers more than 21 lines square 
and 1 20 lines high ; but experience proves 
that a similar arch will scarcely stand with 
piers 44 lines square, the area of whose bases 
are four times greater than that proposed by 
M. Frezier. 

Method for groined Vaulting. 

1444. The model in this case (see the 
last figure) is 9 inches in the opening, vous- 
soirs equally thick, being 9 lines, standing 
upon four piers 10 inches or 120 lines 
high. 

1445. The groin is formed by two cy- 
lindriod arches of the same diameter crossing at right angles, as represented in No. 8. of the 
figure. The four portions of the vault being similar, the calculation for one pier will 
be sufiScient. 

1 446. On the profile No. 1 . of the figure describe the mean circumference TK G, draw the 
tangents FT and FG, and the secant FOand the horizontal line IKL. Draw the vertical 
Bi, and NG and KI on the plan (No. 3.) equal to KL. 

1447. In the foregoing examples for arches and cylindrical vaulting there has been no 
necessity to consider more than the surface of the profiles, which are constantly the same 
throughout their length ; but the species of vault of which we are now treating being 
composed of triangular gores whose profile changes at every point, we shall be obliged to 
use the cubes inst«id of the areas of squares, and to substitute sur&ces for lines. Thus in 
viewing the triangular part KBO, the sum of the horizontal efforts of the upper part of 
this portion of the vault, represented in the profile by KI., will be represented in plan by 
the trapezium KILO. 

1448. The sum of those of the lower part iK in the profile is represented in plan by 
BIL. The thrust is expressed by the difference of the area of the trapezium and of the 
tzian^e multiplied by the thickness of the vault ; thus, KB and KO of the plan being 54, 
the superficies of the triangle BKO will be 54 x 27 = 1458 ; the part BK of the plan being 
equal to III, and Bt to t'K the profile =12^ the area of the triangle BIL, indicating the 
sum of the horizontal efforts of the upper pa^ will be 12;?, xf^=7^. 

ll49. We obtain the area of the trapezium KILO by subtracting that of the small 
triangle BIL firom the greater triangle BKO, that is, 79}J &om 1458 ; the remtunder 
1378JI, gives the horizontal effort of the upper part ; lastly, subtracting 79^ from 1378.^ 
the remainder 1298j^ wiH be the expression of the thrust whose value is found by multi- 
plying 1298ft by 9=11683f, which is thep of the formula. 

Y ^ ^ an a 

Letting a always stand for the height, and d for TI of the profile, the arm of the lever of 
the ttaist wiB, as before, be o + d; and its algebrmc expression be pa 4-pd: 

1450. Ihe pier resists this effort by its cube multiplied by the arm of its lever. If the lines 
K B and OB of the triangle BKO, (which represents the projection of that part of the vault for 
which we are calculatii^) be produced, it wiR be seen that fte base of the pier to resist the 
thru^ will be represented by the opposite triangle BHF, which is rectangular and isosceles ; 
therefore, letting x represent its side BF, the area of the triangle will be expressed by the 
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height of the pier being a, its cube will be The arm of the lever of this pier will be 
determined by the distance of the vertical let fall from its centre of gravity on the line 
HF — |, which gives for the pier’s resistance . 

1451. This resistance will be increased by the vertical effort of each part of the vault 
multiplied by the arm of its lever. 

That of the upper part will be expressed by its cube multiplied by the vertical KM, 
and the product divided by the mean arc KG. 

The cube of this part will be equal to the mean area; that is, the arc KG multi|d|^d 
by the thickness of the vault. 

1452. To obtain the mean area, multiply KG less KM by the length GO taken on the 
plan. The length of the arc KG being 46 and KM 17^, we shall have KG — KM = 28|J; 
GO being 54, the mean area will be 28| x 54 = 1558. This area multiplied by 9, the 
thickness of the vault, makes the cube of the upper part 1 4024^, which multiplied by 
KM = 17^ and divided by the are KG=46, makes 5226^ the value of the vertical effort 
of the part of the arch m in the formula ; and the arm of its lever is IK + t'H. 

1453. IK being =c and tH = ar, its expression will be mx-^mc. 

The vertical effort of the lower part will be represented by its cube multiplied by TI, 
and the product divided by the length of the arc TK. 

This cube will be found by multiplying the mean area by the thickness of the vault. 
The area being equal to the arc TK — TIxGO, that is, 46 — 41^^ x 54 = 250^ for the 
mean area and 250| x 9 = 2256| for the cube of the low’er part of the vault. This cube 

multiplied by TI and divided by the arc TK gives = 2028| for the value of 

the vertical effort of the part n of the formula- And it is to be observed, that this effort 
acting against the point B, the arm BF of the lever will be x and its expression nx. 

1454. Bringing together all these algebraic values we obtain the equation = ^ 

■¥fnx + mc->r7ix and making m-f-n, which multiplies x=h, we have pa-¥pd=^ ■>rhx-¥ 
me. Transferring me to the other side of the equation, we have pa+/>d— mc=^^ + 6a:. 
Lastly, multiplying all the terms of the equation by | for the purpose of eliminating 
we shall have instead of the preceding formula 6p + which is an equation 

of the third degree, whose second term is wanting. For more easily resolving this equa> 
tion, let us find the value of 6p + and that of by which x is multiplied in the 

second part of the equation. 

p being 1168 6p will be - - - . ss 70069f 

d being 41^ 6pd will be _ , . . ==2899124iJ 

m being 5226§, 67nc - - - - - = 537593^ 

Thus 7 .-.~ = 1967 9-^ and 6p 4- — 5^=897791, which we will call p, 

for the purpose of simplifying the remainder of the calculation. 

6, which represents TO + 71, will be 5226^ + 2038§ = 7255§, and = this we will 

call ^ ; so that instead of the equation 6p + ~ have p = x3 which is 

thus to be resolved (Bossut, Elemens cT Algebra) t — 

Substituting in this formula the values of p and^ we have 

X = -^44889^ + 1/^15073623 + 1767902 + '^44889^ - ^2015073623 -1-1767902'' 

= .^44889:} + 44909^+ ^44889^ — 44909f, from which extracting the cube roots, we have 
x==445~25 = 42 for the length BF of one of the sides of the triangular pier BAF; the 
other FA may be determined by the production of the diagonal or line of groin OB. 

The part of the pier answering to the part of the vault BKO is determined by draw- 
ing from the points B and A the parallels BM and MA to FA and FB. ITiese two 
triangles will form a square base, each of whose sides will be 42 lines, answering to one 
quarter of the vault KBNO ; thus, to resist the thrust of the vault, four piers, each 42 lines 
thick, are necessary. 

1455. The above result corresponds in a singular manner with the experiments which 
were made by Rondelet, from which he deduced a thickness of '^3J lines. In bis investi- 
^tion of the example by means of the centres of gravity 40*53 lines was the result. Our 
limits prevent fiirther condderation by other examples: we will merely therefore observe, that 

£e 



418 


THEORY OF ARCHITECTURE. 


Book II. 


the method above given seems to be a safe guide to the architect. In the case of oblong 
arches, the results must be obtained for each side. 

1456. In the case of groinings composed of many bays, the chief care necessary is in the 
external piers, which will require especially to be of sufficient thickness. Those in the 
middle, being counterbalanced all round, have only to bear the weights of their respective 
arches, for which purpose they must have a proportional area and be of such stone as the 
weight will not crush. But it ought to be recollected that in good construction the area 
of the points of support should be so distributed as to establish for each a sufficient strength, 
because a single weak point will often endanger the whole fabric. 

1457. In practice, a readier method will be wanting than that which has been just dis- 
cussed ; we therefore subjoin one which agrees well enough with theory and experiment, 
and it is as follows. Let ABCD 585. No. 1.) be the space to be covered by a 



FiK.5S5, 

groined vault supported in the centre by the pier E. Dividing each side into two equa. 
parts, draw the lines HI, FG crossing each other in the centre E", and the diagonals AE, 
EB, EC, ED and HF, HG, IF, IG crossing each other in the points K, K'^'. 

In No. 2. draw the pier its half height to the level of the springing, which half height 
transfer from E to L, and divide EL into twelve parts. One of these parts will be a half 
diagonal of the pier. For the intermediate piers H, F, I, G, after finding the diagonals of 
the half piers, produce them outwards to double their projection within, so that altogether 
their thickness may be once and a half their width. For the angular piers this method 
will give an area of base 1 J times greater, which will enable them to resist the thrust they 
have to sustain. 

1458. When the width of the space to be vaulted is to be divided into three bays, and 
that of the middle is required to be raised above those of the other two, as in the case of 
churches with side aisles, the bases of the points of support may be determined in two 
ways. That most used, which is borrowed from the Gothic examples, is to give to the 
arcMof the bas^ of the points of support merely the extent necessary to bear the load they 
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are to receive, by throwing the strain of the thrust upon the external piers by means of 
flying buttresses, and giving to their points of support a position and surface of base capable 
of effectual resistance. 

1459. The most simple method derived from the principles of the theory for the first 
case is as follows ; — 

Having laid down the plan of the two bays which fall upon the same pier {Jig. 586. 
No. 1.), take one half of ^e sum of the two semi-diagonals AX), AE, to which add one 
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half of the height of the point of support, and taking a twelfth part of the whole as a 
radius, describe a circle, and it will indicate the surface sought of the base of the point of 
support If it be not circular it must be circumscribed with the form that may be required, 
so as rather to increase than diminish its solidity- For the exterior point of support B let 
a rectangle be formed, having for its width the side of a square inscribed in the preceding 
circle, and in length double. 

1460. Above the roofs of the sides a flying buttress may be carried up, whose pier may 
be raised on that below, set back one sixth from the exterior face and sloped as much on 
the interior. The line of summit or tangent of this flying buttress, which should be of the 
single arc of a circle, will be determined by the chord of the arc of the upper part of the 
vault produced indefinitely. To find the centre, draw the chord GH (No. 2.), on the 
middle of which raise a perpendicular, which will cut the horizontal line GF in the 
point I, which will be the centre of the are. These raking arches may be connected by 
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other return arches, which may bear a floor above with a support, upon which a passage 
round the building may be made, and this may be concealed by an attic order outside. 

1461, In the second case, the base of a pier must be found capable of resisting the effort 
of the great middle vault of the nave, by taking as the height of its pier the distance from 
its springing from the upper side of the side vaults No. 3., and laying the half of this height 
from B to H on the plan No, 2. Then having divided IH into twelve equal parts, make 
lA equal to one of them and AF equal to two. The rectangle made upon the diagonal 
FI shows the area of the interior pier, to which are to be added, to the right and left, pro- 
jections to receive the arches of the sides. The length FD is to be divided into six equal 
parts, whereof two are for the projection of the pilaster or interior half column, upon which 
the entablature is profiled, three for the thickness of the wall, and one for the pilaster on 
the side aisles, whose prolongation will form a counterfort above the lower sides. 

1462, For the external pier B, as before, one half the height to the springing must be 
transferfed from EG, and -/j of BG from B to L; lastly, ^ from B to K : the rectangle 
formed upon the diagonal KL is equal to the area of the pier. We must add, as for that 
in front, the projections to receive the arches or windows, as shown in No, 2. 

1463, As long as the intervals between the piers are filled in with a wall, if that be 
placed flush with the outside, the piers will form pilasters inwards (see Jig. 585.), as ihef, 
whose projection ef is equal to one half of the face he ; this wall ought to have a thickness 
equal to he ; but if it is brought to the inner line of the face of the piers they need be 
only two thirds of the thickness ; so that the piers will form coimterforts on the exterior. 
In conclusion, knowing the effort of the thrust, the calculations will not be attended with 
difficulty in providing against it by adequate means of resistance. 


os THE MOUEL OP A COVED VAULT. 


1464. The model (Jig. 587. Nos. 1. and 2.) is 
square on the plan, each of its sides is 9 inches in- 
ternal measure, enclosed by a wall 10 inches high to 
the springing of the vault. The vault is semicircular 
in form, the voussoirs throughout 9 lines thick, and 
it is composed of seventeen parts above the line of 
greatest effort (see 1391.), as shown in Nos. 1. and 
2. in the plan and section. On one of the sides of the 
first is supposed to be traced the mean circumference 
TKG, the tangents FT, FG, the secant FO, the 
horizontal line IKL, and the verticals Bi and MK. 
We may now therefore consider this vault as four 
triangular pieces of cylindrical arches, each resting 
throughout the length of their base on one of the 
walls which forms the sides of the square. As the 
portions of arches or vaults arc equal, it is only 
necessary to take one of them for an example. 

1465. In the last example, cubes are taken in- 
stead of the surfaces, and surfaces instead of lines. 
Thus expressing the length of the wall by^^ its height 
by Of and its thickness by x ; the arm of the lever 
being always its resistance is expressed by 




Fig. 587. 


Making the thrust - . _ . 

EH = TI = KL = KV , , - . 

PH 

The sura of the vertical efforts of the upper part 

That of the lower parts - « . . 

The part IK of the horizontal line - - , 

TB= half the thickness of the arch ... 
The arm of the lever will be - _ . 

TE 

The equation is pa + + (m -h n)x — ne + me i 

and making m-l-n— 6, 

+ hx=pa +pa + ne~mc ; 


= d 

~a + d 
= m 
=:n 


==c 

=:e + x 
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Whence x 4 


+ af 


1466. If, however, we suppose the effort to take place at the point B, a supposition 
hitherto made in the formulas, we have c=o, and the value of x becomes 


x = 


^'ip 2pd—2mc 6^ ^ 


1 467. The horizontal effort of the upper part, represented by the line KL, will be expressed 
by the triangle e^d of the plan ; that of the lower part *K in the section will be expressed 
by the trapezium eBOi on the plan. 

1468. The plan of the vault being square, the base ed will be double =KL of the 
section ; and the area of the triangle cErf equal to the square of KL = 41-^ x 41^= 17101^. 

1469. Ea of the plan being equal to the square of 54 less the square of 4Jj^, that 
is, 1206f, the superior effort being 1710^, their difference is 504, which being multiplied by 
the thickness of the vault, or 9, is 4536 for the expression of the thrust represented by p in 
the formula, and for that of 

2;)=9072 and j=84. 


di which represents TI, being 41-^, 2p<f = 375192. 

1470. To obtain the vertical effort of the upper part of the arch represented by 'm, its 
cube must be multiplied by KM, and the product divided by the arc KG. 

1471. The cube of this part is equal to the curved surface passing through the middle of 
its thickness multiplied by the thickness. The mean area is equal to the product of the 
length nq taken on the plan multiplied by KM. 

nq being 117, and KIM 17^, the product expressing such mean area is 2005f, which 
nTultiplied by 9 makes the cube 18051rJ. This cube again multiplied by KMs=17i), and 
divided by the length of arc KG=46, gives 6727 for the value of m, and for 2m 13454; 
c being 12^, 2mc5= 170100^. 

2pd - 2fflc _ 37 51 92 - 1 701 OOf ^ ^ c 
af ■■ 120x108' 


6, representing the vertical effort of the half vault, will be expressed by the cube multiplied 
by B/s=58J, and divided by the mean circumference TKG=s92. 

1472. To obtain the cube, the mean superficies, that is, nq x B/ or 117 x 58J, is to be 
multiplied. by the thickness AB = 9, which gives 6844^ x 9 = 61600;^. 

This cube multiplied by 6/2=585 and divided by the mean circumference TKG 
= 92, that is, 61600,J x = 39169-88, for the value of b, and tor that of ^’f|j7i^ = 3-02 
and ^ = 9-12. Substituting these values in the formula, 

J fip . ipd—itnc . bh \ b 


Hence x= .v/84 + 15-82 + 912-3-02 = 7-41 ; 


that is, a little less than 7J lines for the thickness of the walls, which is less than that of the 
vault; and shows that by giving the walls the same thickness as the vault, all the requisite 
solidity will be obtained. This is proved by experiments, for in the model the vault was 
borne equally well on walls of 9 lines in thickness divided into 8 parts, as upon 12 Doric 
columns whose diameter was 9 lines, four being placed at the angles and eight others under 
the lower part of the vault. 

1473. To find the thickness of these walls by the geometrical method: Take the 
difference between the area of the triangle BEC and that of the triangle Eerf, which 
divide by the length BC. 

Thus, the area of the greater triangle being ^^^^^ = 2916; that of the smaller one, 

Q05 V 41 5 

— ^ ^ ^ = I710'4 ; their difference, 1205 '6 divided by 108 = 11 ’16, which transfer to the 

profile from B to h, and make Bn equal to the thickness of the vault Upon nA, as a 
diameter, describe a semicircle, which at its intersection with the horizontal line BE will 
determine the thickness of the vault, and be found to be 10 lines. 

1474. The small thrust of this species of vaulting occurs on account of the upper part, 
which causes it, diminishing in volume in proportion as the horizont^ effort becomes more 
considerable, and because the triangular form of its parts and their position give it the 
advantage of having the larger sides for bases; whilst, in groined vaulting, the triangular 
parts resting only on an angle, the weight increases as the horizontal efforts. 

1475. Moreover, as the return sides mutually sustain each other, a half vault, or even a 
quarter vault, on a square base, would stand if the walls were 10 lines thick, proving that 

E e 3 
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the opposite parts, acting little more than ag^nst each other, the thrust becomes almost 
nothing. 

1476. By the method of the centres of gravity, Rondelet found a result less than that 
above given ; but that arose from neglecting some points in the calculation which it was 
difficult to introduce for general practice, 

1477. It is obvious that in the above application great allowance must be made when 
the apartment to be vaulted is not square ; that is, its advantages diminish as the two 
opposite sides become longer than the width, and when the length is twice the width, or 
even much less, the thrusts must be calculated on the principle of cylindrical vaulting ; 
and as in this species of vaulting the greatest effort occurs in or towards the middle of 
the sides, opening for doors and windows should there be avoided. 

Application of the Method to Spherical Vaulting, 

1478. The models {Jig. 588. Nos. 1. and 2. and Jig. 589. Nos. 1 . and 2.) were of the 



FiJC. 5SS, Fig. 589. 

same opening as the last mentioned. They are cut into eight equal parts by vertical 
planes crossing each other in the axis ; each of these parts is subdivided by a joint at 
45 degrees, altogether forming sixteen pieces. Tlic vault stands on a circular wall of the 
same thickne^ divided into eight parts corresponding to those of the vault. All the parts 
are so arranged as to form continued joints without any bond, in order to give the 
experiment the most disadvantageous result. Yet it stood firmly, and was even capable of 
bearing a weight on the top. 

1479. If for these eight pieces of circular wall we substitute eight columns of equal 
height, as in No. 1 . Jig. 589., so that the vertical joints fall over the middle of each column ; 
the vault will still stand, although the cube of these columns, as well as their weight, 
occupies only one ninth part of the circular wall for which they are substituted. 

From this it is evident that spherical vaults have less thrusts than coved vaults. 

1480. Applying the method of the preceding examples, describe the mean circumference 
{Jig. 588. Nos. 1. and 2.), draw the tangents TF, GF, the secant FO, the horizontal line 
IKIj, and the verticals KM and B* ; lastly, calculating for one eighth of the vault, take the 
sector OAto to express the horizontal effort indicated by KL, and the part HAIMm to express 
the horiaontal effort of the lower part. 

1481. The difference of these areas multiplied by the thickness of the vault will be the 
expression of the thrust p of the formula. 

1482. The radius Om of the sector being 41-^ and its length 32^, its area will be G72^. 

1483. The area of AHMm will be equal to the difference of the two sectors OHM 
mid Ohm, whereof the first is equal to the product of half OM = 27 by the arc HM = 422, 
or 1145^, the second —672^ ; whence the difference =473||. 

1484. The thrust, being equal to the difference between 6725®g 4733?, will be 198^® x 9* 

therefore /)=786|g. 
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1485. f, representing the deveiopement of one eighth part of the circuit’ wall, will be 
42i, whence j = 42. d, the difference between the arm of the lever and the height of 
the pier, being 41^ we shall have pd=73897;}. 

1486. To obtain the value of me we must first find that of m, which represents the vertical 
effort of the upper part of the vault, and is equal to the cube of this part multiplied by 
KM and divided by the arc KG. This cube is equal to the difference of the cube of the 
sector of a sphere in which it is comprised with that which forms its interior capacity. We 
will merely recall here to the reader’s recollection from a previous page, that the cube of 
the sector of a sphere is equal to the product of the superficies of the sphere whereof it 
forms a part by one third of the radius, and that this superficies is equal to the product 
of the circumference of a great circle by the line which measures its depth. Thus the 
area of the great sector OKCr {Jig. 588. No. 1.) is equal to the product of the great circle, 
whereof Aa is the diameter =126, by CS=18^, which is 7308, and its cube 7308 
X 21 = 153468, 

1487. The area of the small sector ONDn will be equal to the product of the great 
circle, whereof B6 is the diameter =108 by VD = 15-j^, which gives 5369^^, and its cube 
by 5369|^ x 18 = 96648||. Deducting this last cube from that of the great sector already 
found =153468, the remainder 56819 will be the cube of the upper part of the vault 
forming the cap, whose eighth part 7102| will be the cube sought, which multiplied by 
KM = 17J and divided by the arc KG = 46, gives 2646§ for the value of m in the formula ; 
c, which represents iK, being 12-^, we haw 

mc = 33461^; pd—mc will be 73897^ — 334611 = 40436^ ; 

andfor^-”*' =7-92. 

(if ’ 120x42^ 

1488. In the preceding application to the model of the coved vault, the walls being 
straight, the distance of their centre of gravity from the point of support was equal to half 
their thickness ; in this, the wall being circular, its centre of gravity is so much more distant 
from the point of support as it takes In more or less a greater part of the circumference of 
the circle. By taking it only the eighth part, the centre of gravity falls without the thickness 
of the walls, by a quantity which we shall call e, so that the arm of the lever, instead of 
being will be c + x, which changes the preceding formula to 

afx (e + x) + hx sspa -i- pd— me ; 
arranging with reference to x, this becomes 

afx'^ + {eaf i-b)x=pa+pd~^7nc ; 

whence we obtain x^ + (e + |^)x = and making e + ^= 2A, we shall have 

b expresses the vertical effort of an eighth part of the vault equal to its cube, multiplied by 
the vertical B/, and divided by the mean circumference TKG. Tins cube is equal to an 
eighth of the sphere, whereof Aa is the diameter, less that of the eighth part of a sphere 
whose diameter is B6. 

1489. The diameter Aa being 126, the eighth of the circumference of a great circle will 
be 49j, which, multiplied by the vertical axis, which in this case is equal to the radius or 
63, gives for the area of one eighth part of the sphere 311 8A, and for its . cube SllSJ x 21 

= 656881. 

1490. The diameter B6 being 108, an eighth part of the circumference of the great circle 
will be 42^, which, multiplied by the radius 54, gives for the area 22914» and for its cube 
2291if X 18 = 41240iJ; taking the smaller of these cubes from the greater, the difference 
24447|| will be that of this eighth part of the vault, which must be multiplied by Bf= 
58^, and the product 1430203^^, divided by the mean arc TKG = 91§; the quotient 15558 
expresses the vertical effort of the eighth part of the vault, represent^ by 6 in the formula, 

e being 251, we shall have for the value of* 2*78 and *2=7*72. 

Substituting the values thus found in the formula 

3.= v' 

we have a:= V42 + 7 ’92 + 7 '72 - 2-78 = v'57-64 — 2-78 = 4-72. 

By using the method of the centres of gravity, Rondelet found the result rather less than 
that just found. 

1491. The result of all these calculations induces the following facts: — I. That for a 
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semcircular cylindrical vault, whose length is equal to its diameter, the area of the two 
parallel walls is 4698. II. That that of the four square piers supporting a groined arch is 
7056. III. That of the four walls of the coved vault, the area should be 3425|. IV. That 
that of the spherical vault is 1238^. 

1 492. In respect of the opening of these vaults, which is the same for all the examples, 
taking the area of the circular wall for the spherical vault at 1 , 

That of the walls of the coved vault will be a little less than S. 

That of the cylindrical vault - - less than 4. 

That of the groined arch - - less than 6. 

But if we look to the space that each of these vaults occupies in respect of walls and 
points of support, we shall find that in equal areas the walls of the cylindrical vault will 
be I of such space. 

Those of the coved vaulting less than - - J of such space. 

The piers of the groined arch a little more than - j — 

Ihe circular wall for spherical vault a little more than — 

So that, if we suppose the space occupied by each of these vaults to be 400, 

The walls of the cylindrical vaulting will be 115 
Those for the coved vault - - 91 

'Ihe piers for the groined arch - 60 

The circular wall for the spherical vault - 48 

Which figures therefore show the relative proportions of the points of support necessary in 
each case. 

1493. It is a remarkable circumstance that by the formula the coved and spherical 
vaults ^ve to the walls a less thickness than that of the arch. But although experiment 
has verified the formula, we cannot be supposed to recommend that they should be made 
o^ less thickness in practice ; but we see that, if of the same thickness, considerable open- 
ings may be used in them. Irregular as well as regular compound vaults being only an 
assemblage of the parts of more simple ones, if what has already been said be well under- 
stood, and the examples given have been worked out by the student, he will not be much 
at a loss in determining the eSbrts of all sorts of vaults. 

On the adhesive Power of Mortar and Plaster upon Stones and Bricks, 

1494. The power of mortar and plaster will of course be in proportion to the surface 
of the joints, compared with the masses of stone, brick, or rubble. Thus a voussoir of 
wrought stone, one foot cube, may be connected with the adjoining voussoirs by four 
joints, each of 1 foot area, in all 4 feet But if instead of this voussoir three pieces of 
rough stone or rubble be substituted instead of 4 feet area of joints, we shall have 8. 
Lastly, if bricks be employed Instead of rubble, we shall want 27 to form the same mass, 
which gives far the developement of the joints 13 feet. Thus, representing the force which 
connects the voussoirs in wrought stone by 4, that representing the joints of the rough 
stones will be 8, and that for bricks 13 : whence we may infer that arches built with 
rough stones will have less thrust than those inwrought stone, and those 'in bricks more 
than three times less. From experiments made by Rondelet, be found that at the end 
of six months some species of mortar showed a capability of uniting bricks with suflBcient 
force to overcome the efforts of thrust in a vault segmental to § of a semicircle, 15 feet 
diameter and 4 inches thick, the extrados being 4 inches concentrically above the intrados. 
Plaster united a vaulted arch of 1 8 feet opening, of the same form and thickness. This force 
is, moreover, greater in arches whose voussoirs increase from the keystone to the springing, 
and that in proportion to the thickness at the haunches, where fracture takes place ; so that 
whatever the diameter and form of the arch, the strength of good mortar at the end of six 
months, if the arches are well constructed, is capable of suppressing the thrust as long as 
the thickness, taken at the middle of the haunches, is stronger than the tenth part of those 
laid in mortar, and one twelfth of those laid in piaster. Here we have to observe, that 
arches laid in plaster, as long as they are kept dry and sheltered from the changes of the 
season, preserve their strength, but, on the contrary, they lose all their stability in seven 
or eight years, wbibt those cemented in mortar endure for ages. 

1495. The small quantity of mortar or of plaster used in vaults constructed of wrought 
stone, in which the joints are often little more than run, ought to make an architect cautious 
of depending merely on the cementmg medium for uniting the voussoirs. There are other 
means which he may employ in cases of doubt, such as dowds and cramps, means which 
were much employed by the j^raans in their construction ; and these are far better than the 
chsuns and ties of iron introduced by the modems. 

1496. The thrust of an arch is, in practice, the constant dread of an architect; but it 
depends entirely on the method employed in the construction. It is only dangerous where 
the precautions indicated in the foregoing examples are altogether lost sight of. It has 
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been seen that the least fracture in too thin an arch of equally deep voussoirs may cause its 
ruin ; and we shall here add, that this defect is more dai^erous in arches wherein the number 
of joints is many, such as those constructed in brick ; for when they are laid in mortar they 
are rather heaped together than well fitted to each other. 

1497. Whatever materials are used in the construction of vaults, the great object is 
to prevent separation, which, if it occur, must be immediately met by measures for 
making the resistance of the lower parts capable 
of counterbalancing the effort of the upper parts. 

Those fractures which occur in cylindrical arches are 
the most dangerous, because they take place in straight 
lines which run along parallel to the walls bear'ng 
them- To avoid the consequences of such fmlures, it 
is well to fill up the haunches to the height where the 
fracture is usually to be found, as in K, K', K", K"' 

(Jiff, 590. ) and diminish the thickness towards the key. 

1498. Rondelet found, and so indeed did Couplet 
before him, that the least thickness which an arch of 
equal voussoirs ought to have, to be capable of stand- 
ing, was one fiftieth part of the radius- But as the 
bricks and stone employed in the construction of 
arches are never so perfectly formed as the theory sup- 
poses, the least thickness which can be used for cy- 
lindrical arches from 9 to 1 5 feet radius is 4^ inches 
at the vertex if the lower course be laid with a course 
of brick on edge or two courses flatwise, and 5 inches 
when the material used is not a very hard stone, in- 
creasing the thickness from the keystone to the point 
where the extrados leaves the walls or piers. But if 
the haunches are filled up to the point N (Jiff. 590.), 
it will be found that for the pointed arch in the figure 
the thickness need not be more than the of the 
radius, and for the semicircular arch, For arches 
whose height is less than their opening or that are seg- 
mental the thickness should be X part of the versed sine ; 
a practice also applicable to Gothic vaults and semi- 
circular cylindrical arches, to which for vaults cemented 
with plaster one line should be added for each foot in 

ength, or yj, part of the chord subtended by the ex- 
trados. With vaults executed in mortar ^ may be 
added, the thickness of the arch increasing till it reaches the point N, where the arch becomes 
detached from the haunches, and where it should be once and a half the thickness of the key. 
It was in this way the arches throughout the Pantheon at Paris were regulated, and a very 
similar sort of expedient is practised in the dome of the Pantheon at Rome. A like 
diminution at the keystone may be used in groined, coved, and spherical vaults. 

1499. For vaultings of large openings, Rondelet (and we fully concur with him) thinks 
wrought stone preferable to brick or rubble stone, because it has the advantage of being 
liable to less settlement and stands more independent of any cementitious medium em- 
ployed. It is Indeed true that this cannot connect wrought stone so powerfully as it does 
rubble ; but in the former we can employ cramps and dowells at the joints, which are useful 
in doubtful cases to prevent derangement of the parts. In many Roman ruins the surfaces 
of the voussoirs were embossed and hollowed at the joints, for the purpose of preventing 
their sliding upon each other ; and expedients of the same nature are frequently found in 
Gothic ruins. 
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1 500. The thickness which is to be assigned to walls and points of support, that their 
stability may be insured, depends on the weight they have to sustain, and on their forma- 
tion with proper materials ; stUl more on the proportion which their bases bear to their 
heights. The crushing of stone and brick, by mere superimp<^d weight, is of such 
extremely rare occurrence in practice, even with soft stone and with bad bricks, that we 
think it sufficient to give the result of the some few experiments that have been made in 
that respect, to give the reader some notion of the resistance of our bricks and stones to a 
crushing force. This is exhibited in the subjoined table i — 
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1 Materials. 

1 




Specific 

Gravity. 

Crushing 

Weight. 

Portland stone, 2 inches long 1 inch high 




lbs. 

805 

Statuary marble 1 inch cube of - 

- 

- 

. 

- - * 

3216 

Cragleith stone, ditto 

- 


. 


8688 

Chalk, cube of 1 ^ inch 

. 

- 


. 

1127 

Pale red brick, ^tto 

- 


_ 

2085 

1265 

Roe stone, Gloucestershire, ditto » 

- 



_ 

1449 

Red brick, ditto 

- 

- 

_ 

2168 

1817 

Hammersmith brick, called pavior’s ditto 

. 

- 


. 

2254 

Ditto burnt, ditto - 

. 

- 


- 

3242 

Ditto fire-brick, ditto - 

- 

- 

. 

_ 

3864 

Derby grit, ditto - 

- 

- 

. 

2316 

7070 

Another specimen, ditto • 

- 

- 

- 

2428 

9776 

Killala white freestone, ditto - 

- 

. 


2423 

10,264 

Portland, ditto • 

- 

- 

. 

2428 

10,284 

Cragleith white freestone, ditto - 

- 

- 


2452 

12,346 

Yorkshire paving, with the strata, ditto 

- 

- 

- 

2507 

12,856 

Ditto, d^o, against strata, ditto 
White statuary marble, ditto 

- 

- 

- 

- 

12,856 


- 

.. 

2760 

1 3,632 

1 Bramley Fall sandstone, ditto 

- 

- 

- 

2506 

13,632 

i Ditto, against strata, ditto 

- 

- 

- 

. 

13,632 

1 Cornish granite, ditto 

- 


. 

2662 

14,302 

Dundee sandstone, ditto 

. 

- 


2530 

1 4,91 8 

Portland, a 2 inch cube - 

. 


. 

2423 

1 4,91 8 

Cragleith, with the strata, 1 J inch cube 

- 

- 


2452 

1 5,360 

Devonshire red marble 

• 

- 


. 

16,732 

Compact limestone 

. 

• 

. 

2584 

17,354 

Peterhead granite 

- 

- 

. 

. 

18,636 

Black compact limestone • 


. 

. 

2598 

1 9,924 

Purbeck - - - - 

. 

- 


2599 

20,610 

i Freestone, very hard 

- 

. 


2528 

21,254 

1 Black Brabant marble 

. 



2697 

20,742 

White Italian marble 




2726 

21,783 

Aberdeen granite, blue kind 

- 

- 

“ 

2625 

24,556 


1501. The above experiments lose much of their practical value from our knowledge 
that the interior particles in granulated substances are protected from yielding by the 
lateral resistance of the exterior ones ; but to what extent it is impossible to estimate, 
because so much depends on the internal structure of the body. We are, however, thus 
far informed, that, taking into account the weight with which a point of support is loaded, 
its thickness ought to be regulated in an inverse ratio to the crushing weight of the 
material employed. In Gothic structures we often see, for instance, in chapter houses 
with a central column, a prodigious weight superimposed. It is needless to say, that, 
in such instances, the strongest material was necessary, and we always find it so employed. 
So, in the columns, or rather pillars, of the naves in such edifiices, the greatest care was taken 
to select the hardest stone. 

1 502. Generally speaking, the thickness of walls and piers should be proportioned rather 
to their height than to the weight they are to bear ; hence often the employment of a better 
material, though more costly, is in truth the most economical. 

Of the Stability of IFalls, 

1503. In the construction of edifices there are three degrees of stability assignable to 
walls. I. One of undoubted stability ; II. A mean between the last ; and the III. The least 
thickness which they ought to possess. 

1504. The first case is that in which frorn many examples we find the thickness equal to 
one eighth part of the height : a mean stability is obtained when the thickness is one tenth 
part of the height ; and the minimum of stability when one twelfth of its height. We are 
however, to recollect that in most building one wall becomes connected with another so 
that stability may be obtained by considering them otherwise than as independent walls. 

1505. That some idea may be formed of the difference between a wall entirely isolated 
and one connected with one or two others at right angles, we here give fgs. 591 592 
and 593. It is obvious that in the first case (fy. 591.), a wall acted upon by the horizontal 
force MN, will have no resistance but from the breadth of its base ; that in the second 




Kitf. 

the triangle CGH, which would, of course, be greater in proportion to the increased dis- 
tance of the walls CD, HI. 

ISOS. In the first case, the unequal settlement of the soil or of the construction may 
produce the effect of the force MN. The wall will fall on the occurrence of an horizontal 
disunion between the parts, 

1507. In the second case the disunion must take place obliquely, which will require 
a greater effort of the power MN. 

1508. In the third case, in order to overturn the wall, there must be three fractures 
through the effort of MN, requiring a much more considerable force than in the second case. 

1509. We may easily conceive that the resistance of a wall standing between two others 
will be greater or less as the walls CD, HI are more or less distant ; so that, in an extreme 
approximation to one another, the fracture would be impossible, and, in the opposite case, 
the intermediate wall approaches the case of an isolated wall. 

1510. Walls enclosing a space are in the preceding predicament, because they mutually 
tend to sustain one another at their extremities ; hence their thickness should increase 
as their length increases. 

1511. The^ result of a vast number of experiments by Rondelet, whose work we are 
still using, will be detailed in the following observations and calculations. 

1512. Let ABCD (^Jig. 594.) be the face of one of the walls for enclosing a rectangular 
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qpace, EFGH 595.). Draw the diagonal BD, and about B make Bd equal to one 
eighth ^e height^ if great stability be required ; for a mean stability, the ninth or 

tenth part ; and, for a light stability, the eleventh or twelfth part. If through the point 
d a parallel to AB be drawn, the interval will give the thickne^ to be assigned to the great 
walls EF, GH, whose length is equal to AD. 

1513. The thickness of the walls EG, FH is obtained by making AD' equal to their 
length, and, having drawn the diagonal as before, pursuing the same operation. 

1514. When the walls are of the same height but of different lengths, as in Jig. 596., 



the operation may be abridged by describing on the point B (^Jig. 597.) as a centre with a 
radius equal to one eighth, one tenth, or one twelfth, or such other part of the height as 
may be considered necessary for a solid, mean, or lighter construction, then transferring 
their lengths, EF, FG, GH, and HE from A to D, D', D", and D'" ; and having made 
the rectangles AC, AC', AC", and AC'", draw from the common point B the diagonals 
BD, BD', BD", and BD"', cutting the small circle described on the point B in different 
points, through which parallels to AB are to be drawn, and they will give the thickness of 
each in proportion to its length. 

1515. In Jig$. 598. to 602. are given the operations for finding the thicknesses of walls 



enclosing polygonal areas supposed to be of the same height ; thus AD represents the 
side of the hexagon {Jig. 602.) ; AD' that of the pentagon {Jig. 601.) ; AD" the side of 
the square {Jig. 599.) ; and AD'" that of the equilateral triangle {fg. 600.). 

1516. It is manifest that, by this method, we increase the thicknesses of the walls in 
proportion to their heights and lengths ; for one or the other, or both, cannot increase or 
diminish without the same happening to the diagonal. 

1517. It is obvious that it is easy to calculate in numbers the results thus geometrically 
obtained by the simple rule of three ; for, knowing the three sides of the triangle ABD, 
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sinailar to the smaller triangle we have BD : B<i::AD : ed. Thus, suppose the 
length of wall represented by AD=:28 feet, and its height AB = 12 feet, we shall have the 
length of the diagonal ==30 feet 5\ inches ; and, taking the ninth part of AB, or 16 inches, 
as the thickness to be transferred on the diagonal from B to d, we have 30 6 in. ! 

1 6 in. :: 28 ft. : 1 4 in. \ 8 lines ( cd). The calculation may also be made trigonometrically ; 
into which there is no necessity to enter, inasmuch as the rules for obtaining the result may 
be referred to in the section “ Trigonometry,” and from thence here applied. 


Method of enclosing a given Area in any regular Polygon. 


1518. It is manifest that a polygon may be divided by lines from the centre to its angles 
into as many triangles as it has sides. In Jig. 601., on one of these triangles let fall from 
c (which is the vertex of each triangle a perpendicular CD) a vertical on the base or side 
AB which is supposed horizontal. The area of this triangle is equal to the product of DB 
(half AB) by CD, or to the rectangle DCFB. Making DB=x, CD=:y, and the area 
given =p, we shall have. 

For the equilateral triangle, :c x y x 3=p, or xy — ^’. 

For the square, xy x 4=|>, or xy— ^ ; 

For the pentagon, xy x 5=p, or xy = ^ ; 

For the hexagon, xy x 6 =p, or ^y= 

Each of these equations containing two unknown quantities, it becomes necessary te^as* 
certain the proportion of x to y, which is as the sines of the angles opposite to the sides 
DB and CD. 

1519. In the equilateral triangle this proportion is as the sine of 60 degrees to the sine of 
30 degrees ; that is, using a table of sines, as 86603 : 50000, or 8§ ; 5, or 26 ; 15, whence 

X : y::26 : 15, and 15x=26y; whence y— 


Substituting this value in the equation xy= we have 

which becomes xar=^, and x= 
Supposing the area given to be 3600, we shall therefore have 


x= V?^^^=45-6, and the side AB=91 -2. 

For the pentagon, x : ylisin. 36*^ : sin. 54®, or as 58779 I 80902, whence 
_80902x 
5S799 • 


Substituting this value in the equation xy = we have 


80902^z_36(W 
^779'“ 5 ’ 


and x = 


^ 80902 > 


which makes x=^ 22-87, and this side AB=45*74. 

For the hexagon, x : y;;sin. 30® : sin. 60®, or as 50000 86603:;5 : 8|. whence the value 
of y — This value, substituted in the equation xy= will give ^'^ = 600; whence 
lastly, therefore, x= a/346'15 — 18*61, and the side AB = 37*22. 


Geometrically. 

1520. Suppose the case that of a pentagon (^y* 601.) one of whose equal triangles is 
ACB. Let Ml the perpendicular CD, which ^vides it into two equal parts; whence its 
area is equal to the rectangle CDBF. 

1521. Upon the side AB, prolonged, if necessary, make DE equal to CD, and from the 
middle of BE as a centre describe the semi-circur^erence cutting CD in G, and GD will 
be the side of a square of the same area as the rectangle CDBF. The sides of similar 
figures ( Geometry, 961.) being as the square root.s of their are^ ; find the square root 
of" the given area and make Dy equal to it. From the point y draw parallels to GE and 
GB, which will determine on AB the points e and i, which will give on one side D5 equal 
to one half of the side of the polygon sought ; and, on the other, the radius Dc of the 
circumference in which it is inscribed. This is manifest because of the similar triangles 
EGB and cyfr, from which BD : DE;:fcD ; De. 

1522. From the truth that the sides of similar figures are to each other as the square 
roots of their areas we arrive at a simple method of reducing any figure to a given area. 
Form an angle of reduction {Jig. 603.) one of whose sides is equal to the square root 
of the greater area, and the chord of the arc, which determines the size of the angle equal 
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tm the square root of the smaller area. Let, for instance, the 
larger area =1156, and that of the smaller, to which the figure 
is to be reduced, =529. Draw on indefinite line, on which 
waVa AB=34> the square root of 1156. Lastly, from the 
point A, as a centre, having described an indefinite arc, with a 
length equal to the square root 23 of 529, set out Bg ; through 
g draw Ay, which will be the angle of reduction y AB, by means 
of which the figure may be reduced, transferring all the mea- 
sures of the larger area to the line AD, with which arcs are Fig. eos. 

to be described whose chords will be the sides sought. 

1523. If it be not required to reduce but to describe a figure whose area and form arc 
given, we must make a large diagram of any area larger than tha^ sought, and then 
reduce it. 

1 524. The circle, as we have already observed in a previous subsection (933. ), being but 
a polygon of an infinite number of sides, it would follow that a circular enclosure would be 
stable with an infinitely small thickness of wall. This property may be easily demonstrated 
by a very simple experiment. Take, for instance, a sheet of paper, which would not easily 
be made to stand while extended to Its full length, but the moment it is bent into the form 
of a cylinder it acquires a stability, though its thickness be not a thousandth part of its 
height. 

1525. But as walls must have a certain thickness to acquire stability, inasmuch as 
they m’e composed of particles susceptible of separation, we may consider a circular en- 
closure as a regular polygon of twelve sides, and determine its thickness by the preceding 
process. Or, to render the operation more simple, find the thickness of a straight wall 
whose length is equal to one half the radius. 

1526. Suppose, for example, a circular space of 56 ft. diameter and 18ft. high, and 
the thickness of the wall be required. Describe the rectangle ABCD (Jig. 594.), whose 
base is equal to half the radius, that is, 14 ft., and whose height A B is 18 ft. ; then, 
drawing the diagonal BD, make Bd equal to the ninth part of the height, that is, 2 ft. 
Through d draw ad parallel to the base, and its length will represent the thickness sought, 
which is 14J inches. 

1527. By calculation. Add the square of the height to that of half the radius, that is, 
of 18«=324, and of 14*196=520. Then extract the square root of 520, which will be 
found =22*8, and this will be the value of the diagonal BD. Then we have the follow 
ing proportion : 22*8 ; 14 ; : 2 ft. the height) ; 14*74. 

1528. The exterior wall of the church of St. Stefano Hotondo at Rome (Temple of 
Claudius) incloses a site 198 feet diameter. The wall, which is contracted of rubblo 
masonry faced with bricks, is 2 ft. 4 in. (French) thick, and 22J ft. high. In ap- 
plying to it the precedmg rule, we shall find the diagonal of the rectangle, whose base 
would be the side of a polygon, equal to half the radius and 22J ft. high, would be 

X 49i + 22i X 22J=54-^. Then, using the proportion 54*37 : 49*5 ^ ^ 2ft. 

3 in. and 4 lines, the thickness sought, instead of 2 ft. 4 in., the actual thickness. We 
may as well mention in this place that a circle encloses the greatest quantity of ^ea 
with the least quantity of walling ; and of polygons, those with a greater number of sides 
more than those with a lesser : the proportion of the w'all in the circle being 31416 to an 
area of 78540000 ; whilst in a square, for the same area, a length of wall equal to 35448 
would be reqim’ei As the square falls away to a flat parallelogram, say one whose sides 
are half as great, and the others double the length of those of the square, or 17724 by 4431, 
in which the area will be about 78540000, as before ; we have in such a case a length of 
waUii^ =44310. 

On the Thickness of Wdlh in Buildings not vaulted. 

1529. The walls of a building are usually connected and stiffened by the timbers of the 

roof, supposing that to be well constructed. Some of the larger edifices, such as the 
ancient basilic® at Rome, have no other covering but the roof j others have only a simple 
ceiling under the roof ; whereas, in palaces and other habitations, there are sometimes two 
or more floors introduced in the roof. ^ 

1530. We will begin with those edifices covered with merely a roof of carpentry, which 
are, after mere walls of enclosure, the most simple. 

1531. Among edifices of this species, there are some with continued points of support, 
such as those wherein the walls are connected and mutually support each other ; others in 
which the points of support are not connected with each other, such as piers, columns, and 
pilasters, united only by arcades which spring from them. 

1532. When the carpentry forming the roof of an edifice is of great extent, instead of 
being injurious to the stability of the walls or points of support, it is useful in keeping them 
together. 
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1533. Many edifices exist wherein the walls and points of support would not stand 
without the aid of the carpentry of the roofs that cover them. 

1534. The old basilica of St. Paolo fuorl le murd at Rome was divided into five naves 
formed by four ranks of columns connected by arcades, which carried the walls whereon the 
roof rested; the centre nave 73^ ft. (French) wide, and 93 ft. 10 in. high. The walls 
of it are erected on columns 31 ft. 9 in, high, and their thickness is a little less than 3 ft., 
that is, only part of their height, 

1535. At Hadrian’s Villa the most lofty walls, still standing, were but sixteen times 
their thickness in height, and 51 ft. 9 in. long. The walls were the enclosures of 
large halls with only a single story, but assisted at their ends by cross walls. And we 
may therefore conclude that if the walls of the basilica above mentioned were not kept in 
their places by thjg carpentry of the great roof they would not be safe. It is curious that this 
supposition, under the theory, was proved by the fire which destroyed the church of St. Paolo 
in 1823. The walls which form the nave of the church of Santa Sabina are raised on columns 
altogether 52 ft. high ; they are 145 ft. long, and somewhat less than 2 ft., that is, g'g part 
of their height, in thickness. They are, therefore, not in a condition of stability without the 
aid of the roof In comparing, however, the thickness of these walls with the height only 
of the side aisles, in the basilica of St. Paolo the thickness is and at Santa Sabina -j’g. In 
the other basilicse or churches with columns, the least thickness of wall is of greater pro- 
portion unconnected with the nave, as at Santa Maria Maggiore, Santa Maria in^Trastevere, 
St. Chrysogono, St. Pietro in Vincola, in Rome ; St. Lorenzo and St. Spirito, in Florence ; 
St. Filippo Neri, at Naples ; St. Giuseppe and St. Dominico, at Palermo. 

1 536. We must take into account, moreover, that the thickness of walls depends as much 
on the manner in which they are constructed, as on their height and the weight with which 
they are loaded. A wall of rough or squared stone 1 2 inches thick, wherein all the stones 
run right through the walls in one piece, is sometimes stronger than one of 18 or 20 inches 
in thickness, in which the depth of the stones is not more than half or a third of the thick- 
ness, and the inner part filled in with rubble m a bad careless way. We are also to recollect 
that stability more than strength is ofttimes the safeguard of a building ; for it is certain 
that a wall of hard stone 4 inches thick would be stronger than would be necessary to 
bear a load equal to four or five stories, where a thickness of 18 inches is used ; and yet it 
is manifest that such a wall would be very unstable, because of the narrowness of the base. 

1537- From an examination which Rondelet made of 280 buildings in France and Italy, 
ancient as well as modem, he found that in those covered with roofs of two inclined sides 
and constructed in framed carpentry, with and without ceilings, and so trussed as not to 
act at all horizontally upon the walls, the least thickness in brick or rough stones was 
^ of the width in the clear. 

1538. In private houses, divided into several stories by fioors, it was observed, generally, 
that the exterior walls ran from 15 to 24 inches, party walls 16 to 20 inches, and par- 
tition walls 12 to 18 inches. 

1539. In buildings on a larger scale, exterior walls 2 to 3 feet thick, party walls 
20 to 24 inches, partition walls 15 to 20 inches. 

1540. In palaces and buildings of great importance, whose ground fioors are vaulted, 
the exterior walls varied from 4 to 9 feet, and the partition walls from 2 to 6 feet. In 
many of the examples which underwent examination, the thicknesses of the walls and 
points of support were not always well proportioned to their position, to the space they 
enclosed, nor to the loads they bore. In some, great voids occur, and considerable loads were 
supplied w'ith but slender w'alls and points of support ; and in others, very thick walls en- 
closed very small spaces, and strong points of support had but little to carry. 

1541. For the purpose of establishing some method which in a sure and simple manner 
would determine the thickness of walls in buildings which are not arched, we have con- 
sidered, says Rondelet, that the tie-beams of the trusses of carpentry whereof the roofs 
are composed, being always placed in the direction of the width, as well as the girders and 
leading timbers of floors, serve rather to steady and connect the opposite walls ; but, con- 
sidering the el^ticity and flexibility of timber, it is found that they strain the walls which 
support them in proportion to the widths of the spaces enclosed, whence it becomes often 
the better plan to determine the thickness of the walls from the width and height of the 
apartments requisite. Hence the following rules. 

First Rule. 

1542. In buildings covered with a simple roof, if the walls are insulated throughout, 
their height up to the underside of the tie-beams of the trusses, being as shown in Jig. 604. 
Having drawn the diagonal BD and thereon made B5 and D/I, equal to the twelfth part 
of the height AB, then through the points b and d, draw lines parallel to BA and II C, 
which will boimd the thickness of the walls required. 

1543. If the height AB and width AD be known, the thickness Ac may be calculated. 
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■Mng'that BD= a/ AB* + AD’; knowing the 
Talne of BD, we have that trf cA by the pro- 
portion bd : AD::B6 : cA=^^^. 

First Example. 

1544. Supposing the width. a^Da=24ft., and 
the height AB=32, we shall have 

V^AB* + AD^= a/ 24 X 24 4-32 X 32 ; whence 
BD= a/576 + 1024^ A/f^-40 ft. 

B6, which is the twelfth part of AB, or of 
32 ft. = 2 ft. 8 in. ; the thickness of the wall 
expressed by i will be = or 

1 ft. 7 in. 2 lines, for the thickness sought. 

1545. If the walls supporting the roof were 
stiffened by extra means, such as lower roofs at 
an intermediate height, as in churches with a 
nave and side susles, we may make Be in the 
diagonal BD (Jig. 605.) equal to one twelfth 
of the height above the springing of the side 
roofe, and ef a twenty-fourth part of that height 
below it, and draw through the point f a line 
parallel to AB, which will determine the thickness A/' sought; orr which amounts to the 
same thing, add together the total height AB of the interior, and that of E B above the 
point of support, E, whereof take the twenty-fourth part, which will be equal to Be 4 - ef. 



Fig. 604. 


Second Example. 

1546.* Fig, 605. is a section of St. Paolo fuori le mura, neat Rome, as it was in 1816. 



The interior height to the under side of the tie-beams is 93 ft. 10 in. (French), whereof 
26 ft. 2 in. is the exterior height above the roofe of the side aisles. These two ^mensions 
together make 120 ft, whose twenty-fourth part is 5 ft., to which, on the diagonal BD, 
m^e B/ equal ; then from the point f letting fall a vertical line, the horizontal line Be 
will determine the thickness, wHch will be 3ft., the width of the nave being 73 ft. 6 in. 
In figures, as follows : — 

BD= A/93ft.l0in. x93ft. lOin. +73^ 6 in. x73ft. 6 in. = Vl 4^7 = 119 ft. 2in. 

1547. For the thickness, eB, as before, BD : AD::B/; A/'; whence, Af' — 
jw— ^^^=3 ft. 1 in., instead of 2 ft. 11 in. 9 lines, the actual thickness of the walls. 

1548. The same calculation being applied to the walls of the nave of Santa Sabina 
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(Rome), whose height of nave is 51 ft* 2in, and width 42fi:, 2in., with a height of l&ft. 
of wall above the side aisles, gives 21 in. 4 lines, and they are actually a little less than 24 in. 

1549. In the church of Santa Maria Maggiore, the width is 52 ft. 7J in., and 56 ft. 6 in. 
and 4 lines high, to the ceiling under the roof The height of the wall above the side 
aisles is 19 ft. 8 in., and the calculation requires the thiclwess of the walls to be 26^ in. 
instead of 28^ in., their actual thickness. 

1550. In the church of St. Lorenzo, at Florence, the internal width of the nave is 
37 ft. 9 in., and the height 69 ft. to the wooden ceiling ; from the side aisles the wall is 
18ft. high. The result of the calculation is 21 in., and the actual execution 21 in. and 
6 lines. 

1551. The church of Santo Spirito, in the same city, which has a wooden ceiling sus- 
pended to the trusses of the roof, is 76 ft. high and 37 ft. 4 in. wide in the nave the walls 
rise 19ft. above the side aisles. From an application of the rule the thickness should be 
21 in. 3 lines, and their thickness is 22t in. 

1552. In the church of St. Philippo Neri, at Naples, the calculation requires a thickness 
of 21 in., their actual thickness being 22A in. 

1553. In the churches here cited, the external walls are much thicker j which was ne- 
cessary, from the lower roofs being applied as leantoes, and hence having a tendency, in 
case of defective framing of them, to thrust out the external walls. Thus, in the church 
of St. Paolo, the walls are 7 ft. thick, their height 40 ft. ; 3 ft. 4 in. only being the thickness 
required by the rule. A resistance is thus given capable of assisting the walls of the aisles, 
which are raised on isolated columns, and one which they require. 

1554. In the church of Santa Sabina, the exterior wall, which is 26 ft. high, is, as the 
rule indicates, 26 in. thick ; but the nave is flanked with a single aisle only on each side, and 
the walls of the nave are thicker in proportion to the height, and are not so high. For at 
St. Paolo the thickness of the walls is only ^ of the interior width, whilst at Santa Sabina 
it is At San Lorenzo and San Spirito the introduction the side chapels affords great 
assis^ce to the external walls. 

Examples for the Thickness of Walls of Houses of many Stories. 

1555. As in the preceding case, the rules which Rondelet gives are the result of ob- 
servations on a vast number of buildings that have been executed, so that the method 
proposed is founded on practice as well as on theory. 

1556. In ordinary houses, wherein the height of the floors rarely exceeds 12 to 15 ft., 
in order to apportion the proper thickness to the interior or partition walls, we must be 
guided by the widths of the spaces they separate, and the number of floors they have to 
carry. With respect to the external walls, their thickness will depend on the depth and 
height of the building. Thus a single house, as the phrase is, that is, only one set of apart- 
ments in depth, requires thicker external walls than a double house, that is, more than one 
apartment in depth, of the same sort and height ; because the stability is in the inverse ratio 
of the width. 

1557. Let us take the first of the two cases 606.), whose depth is 24 ft. and height 



to the under side of the roof 36 ft. Add to 24 ft. the half of the height, 1 8, and take part 
of the sum 42, that is, 21 in., for the least thickness of each of the external walls above the 
set-off on the ground floor. For a mean stability add an inch, and for one still more solid 
add two inches. 

1558. In the case of a double house (Jig. 607.) with a depth of 42 ft., and of the same 
height as the preceding example, add half the height to the width of the building ; that is, 
21 to 18, and ^ of the sum —19^ is the thickness of the walls. To determine the thickness 
of the partition walls, add to their distance from each other the height of the story, and 
take g'g of the sum. Thus, to find the thickness of the wall IK, which divides the space 
LM into two parts and is 32 ft., add the height of the story, which we will take at 10 ft., 
making in all 42 ft., and take ^ or 14 in. Hadf an inch may be added for each story above 
the ground floor. Thus, where three stories occur above the ground floor, the thickness in 
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the lower one would be 157 in., a thick- 
ness which is well calculated for bricks 
and stone, whc^ hardness is of a ]||ean 
description. 

1559. For the wall AB, which divides 
the space between the external walls, 
equal to 35 ft., add to it the height, 
which is 10 ft., and of 45, the sum of 
the two ; that is, 1 5 in. is the thickness 
required for the wall, if only to be car- 
ried up a single story ; but if through 
more, then add half an inch, as before, 
for each story above the ground floor. 
For the spaces NO, PQ,, RS, in this 
and the preceding figure, the repetition 
of the operation will give their thick- 



1560. To illustrate what has been said, 

/ig. 6(^. is introduced to the reader, being 

the plan of a house in the Rue d' Enfer, near the Luxembourg, known as the Hotel Vendomc, 



Fi«;. 608 . 


built by Le Blond. It is given by Haviller in bis Cours d* Architecture, The btiilding is 
46 ft. deep on the right side and 47 ft. in the middle, and is 33 ft. high from the pavement 
to the entablature. Hence, to obtain the thickness of the walls on the line FF, take the 
sum of the height and width = ^^^^ = 40 ft., whose twenty-fourth part is 20 in. The 
building being one of solidity, let 2 in. be added, and we obtain 22 in. instead of 2 ft., which 
is their actual thickness. For the thickness of the interior wall, which crosses the building 
in the direction of its length, the space between the exterior walls being 42 ft. and the 
height of each story 1 4 ft. , the thickness of this wall should be = 1 8 in. 8 lines, instead 


of 18 in., which the architect assigned to it. 

1561. By the same mode of operation, we shall find that the thickness of the wall R, 
separating the salon, which is 22 ft. wide, from the dining-room, which is 1 8 ft;, wide and 
14ft. high, should be 1 8 in. and 6 lines instead of 1 8 inches ; but as the exterior walls, which 
are of wrought stone, are 2 ft. thick, and their stability greater than the rule requires, the 
interior will be found to have the requisite stability without any addition to their thickness. 

1562. We shall conclude the observations under this head, by reference to a house built by 
Palladio for the brothers Mocenigo, of Venice, to be found in his works, and here given (Jig. 
609.). Most of the buildings of this master are vaulted below ; but the one in question is not 
in that predicament. The width and height of the principal rooms is 16 ft., and they are 
separat^ by others only 8 ft. wide, so that the width which each wall separates is 25^ ft., 

and ftieir thickn^ consequently i^ould be — =13 in. 10 lines. The walls, as executed. 
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are actually 14 in. in thickness. The exterior walls being 24 ft. high, and the depth of 
the building 4d ft., theu- thickness by the rule should be 17J in. ; they are actually 18 ia. 

Of the Stability of PUrs^ or Points of Support. 

1563. Let ABCD (fg. 610.) be a pier with a square base whose resistance is required 
to be known in respect of a power at M acting 
upon it to overturn it horizont^ly in the direction 
MA, or obliquely in that of NA upon the point D. 

To render the demonstration more simple, we will 
consider the solid reduced* to a plane passing 
through G, the centre of gravity of the pier, and the 
point D, that upon which the power is supposed to 
cause it to turn. Letting fall from G the vertical 
cutting the base in 1, to which we will suppose the 
weight of the pier suspended, and then supposing 
the pier removed, we shall only have to consider the 
angular lever BDI or HDI, whose arms are deter- 
mined by perpendiculars drawn from the fulcrum D, 
in one direction vertical with the weight, and in the 
other perpendicular to the direction of the power 
acting upon the pier, according to the theory of the lever explained in a previous section. 

1564. The direction of the weight R being always represented by a vertical let fall from 
the centre of gravity, the arm of its lever ID never changes, whatever the direction of the 
power and the height at which it is applied, whilst the arm of the lever of the power varies 
as its position and direction. That there may be equilibrium between the effort of the 
power and the resistance of the pier, in the first case, when the power M acts in an hori- 
zontal direction, we have M : R;;ID : DB, whence Mx DB = Bx ID and 

If the direction of the power be oblique, as NA in the case of an equilibrium, N l R 1 1 ID 
; DH ; hence N x DH = R x I D and N= 

1565. Applying this in an example, let the height of the pier be 12 ft., its width 4 ft., and 
its thickness 1 ft. The weight R of the pier may be represented by its cube, and is there- 
fore 12x4x1 =48. The arm of its lever ID will be 2, and we will take ^e horizontal 
power M represented by DB at 1 2 ; with these values we sl^U have M : 48 ; : 2 : 12; hence 
M X 12=48 X 2 and M=^||^=8. 

That is, the effort of the horizontal power M should be equal to the weight of 8 cube 
feet of the materials whereof the pier is composed, to be in equilibrium. 

1566. In respect of the oblique power which acts in the direction NA, supposing DH 

" 43 2 

= 7J, we have N : 48::2 : 71, whence N x 74=48 x 2, therefore Nss — jrr — = 134, whilst the 

Ff2 ^5 
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erf the hc^irontal power M was only 8ft.; but it must' be observed, that the arm 
of the levM is 12> whilst that of the power N is but 7^ ft. ;^but 13^x 7^—8 x 12=96, 
wlueh is also equal to the resistance of the pier expressed by 12x4x2= 96. It is more- 
over essential to observe, that, considering the power NA as the result of two others, MA 
and FA, the first acting horizontally from M against A, tends to overthrow the pier ; whilst 
the second, acting vertically in the direction FA, partly modifies thb effect by increasing the 
resistance of the pier. 

1567. Suppose the power NA to make an angle of 53 degrees with the vertical AF, 
and of 37 degrees witii the horizontal line AM ; then 

NA : FA : MA::rad. : sin. 37 deg. : siiu 53 deg. ::io : 6 : 8. 

Hence, NA being found =13^, we have lO : 6 : 8 : :13| : 8 : 10§. 

Whence it is evident that, from this resolution of the power NA, the resistance of 
the pier is increased by the effort of the power FA=R, which, acting on the point A in the 
direction FA, will make the arm of its lever CD = 4, whence its effort =8 x 4 = 32. 

1568. The resistance of the pier, being thus found =96, becomes by the effort of the 
power FA=96 + 32 = 128. 

1569. The effort of the horizontal power M being 10§, and the arm of its lever being 
always 1 2, its effort 1 28 will be equal to the resistance of the pier, which proves that in 
this resolution we have, as before, the effort and the resistance equal. The application of 
this proportion is extremely useful in valuing exactly the effects of parts of buildings * 
which become stable by means of oblique and lateral thrusts. 

1570. If it be required to know what should be the increased width of the pier to coun- 
terpoise the vertical effort F A, its expression must be divided by I D, that is, 8 x 2, which 
^ves 4 for this increased length, and for the expression of its resistance (1 2 + 4) x 4 x 2 
= 128, as above. 

1571. If the effort of the power be known, and the thickness of a pier or wall whose 
height is known be sought so as to resist it, let the power and parts of the pier be repre- 
sented by different letters, as follows. Calling the power p, the height of the pier d, the 
thickness sought x ; if the power p act in an horizontal direction at the extremity of the 
wall or pier, its expression will be p x d. The retistance of the pier will be expressed by its 
area multiplied by its arm of lever, that is, d x ar x ~ ; and supposing equilibrium, as the 
resistance must be equal to the thrust, we shall have the equation pxd=dxarx|. Both 
sides of this equation being divisible by dy we have p=ar x | ; and as the second term is 
divided by 2, we obtain 2p=ar x x or or® ; that is, a square whose area =2p, and of which x 
is the side or root, or x= v'2p, a formula which in all cases expresses the thickness to be 
given to the pier CD to resist a power M acting on its upper extremity in the horizontal 
direction MA. 

1572. In this formula, the height of the pier need not be known to find the value of x, 
because this height, being common to the pier and the arm of the lever of the power, does 
not alter the result ; for the cube of the pier, which represents its weight, increases or di- 
minishes in the same ratio as the lever. Thus, if the height of the pier be 12, 15, or 24 ft., 
its thickness will nevertheless be the same. 


Example. — If the horizontal power expressed by p in the formula x = V2p be 8, we 
have x= ^16=4 for the thickness of the pier. Whilst the power acting at the extremity 
of the pier remains the same, the thickness is sufficient, whatever the height of the pier. 
Thus for a height of 1 2 ft. the effort of the power will be 8x12 = 96, and the resistance 
12 X 4 X 2=96. If the pier be 15 ft. high, its resistance will be 15 x 4 x 2 = 120, and the 
effint of the power 8 x 15 = 120. Lastly, if the height be 24 ft., the r^stance will be 
24 X 4 X 2 = 1 92, and the effort of the power 8 x 24 = 1 92. 

1573. If the point on which the horizontal force acts is lower than the wall or pier, the 
ffifference may be represented by /; and then p x (d— /) =d x x x | ; 

Which becomes 2pd— 2pf=dxx and '^=xx; 

Lastly ar = ^/ 2p— 

Suppose p= 9 . /=6 and d=12. 


the formula becomes x=\/^ 18 — ^^^= v/9=3, which is the thickness sought. 

1574. When the power NA is oblique, the thickness may be equally well found by the 
arm of lever DH, by resolving it into two forces, as before. Thus, in the case of the oblique 
power p=13|, calling / its arm of lever 7J, we shall have p x/= which will become 
-|^=xx, whence x—^^% in which, substituting the known values, we have x= 

v'2 X 131 X 74 — , w- . 

p— — whence x= ^/16=4, the thickness sought of the pier. 
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1575. In resolving the oblique effort NA into two forces, whereof one MA tends to 
overturn the pier by acting in an horizontal direction, and the other fA. to strengthen it by 
acting vertically, as before observed ; let us represent the horizontal effort M A by p, its arm 
of lever, equal to the height of the pier, by the vertical effort /A by n ; the arm of lever of 
the last-named effort, being the thickness sought, will be x ; from which we have the equation 


j dxJ! . 

pa-'-^ + nXf or + 


1576. As the second member of this equation is not a perfect square, let there be added 
to each side the term wanting, that is, the square ^ the half of the quantity which 
multiplied ar in the second term, whence 




1577. The second member, by this addition, having become a square whose root is jr+ ^ 


we shall have x + ^ + ^ and lastly x^s/ + ^ w^iH be the general formula 

for finding the thickness x. 


Application of the Formida. 

1578. Let p=10|, n = 8, rf=12. Substituting these values in the formula, it will become 

X = y 10§ « 2^ ejt - V21 • +1 ^/2TTP I = 4. 

1579. If, for proof, we wish to calculate the expression of the resistance, by placing in the 
equation of equilibrium ^pd=dx^ x the values of the quantities p, and a:, above found, 
we shall have 

10§ X 12=12 x4x2 + 8 = 128, as was previously found for FA. 

1 580. From the preceding rules, it appears that all the effects whose tendency is to destroy 
an edifice, arise from weight acting in an inverse ratio to the obstacles with wMch it meets. 
When heavy bodies are merely laid on one another, the result of their efforts is a simple 
pressure, capable of producing settlement or fracture of the parts acted upon. 

1581. Foundations whose bases are spread over a much greater extent than the walls 
imposed upon them, are more susceptible of settlement than of crushing or fracture. But 
isolated points of support in the upper parts, which sometimes carry great weights on a 
small superficies, are susceptible both of settlement and crushing, whilst the weight they 
have to sustain is greater than the force of the materials whereof they are formed ; which 
renders the knowledge of the strength of materials an object of consequence in construction. 
Till of late years it was not thought necessary to pay much attention to this branch of 
construction, because most species of stone are more than sufficiently hard for the greatest 
number of cases. Thus, the abundant thickness which the ancients generally gave to all 
the parts of their buildings, proves that with them this was not a subject of consideration ; 
and the more remotely we go into antiquity, the more massive is the construction found to 
be. At last, experience taught the architect to make his buildings less heavy. Column^ 
which among the Egyptians were only 5 or 6 diameters high, were carried to 9 diameters 
by the Greeks in the Ionic and Corinthian orders. The Homans made their columns still 
higher, and imparted greater general lightness to their buildings. It was under the reign 
of Constantine, towards the end of the empire, that builders without taste carried their 
boldness in light construction to an extraordinary degree, as in the ancient basilic® of 
St. Peter’s at Rome and St. Paolo fuori le mura. Later, however, churches of a different 
character, and of still greater lightness, were introduced by the Gothic architects, 

1582. The invention and general use of domes created a very great load upon the sup- 
porting piers } and the earlier architects, fearful of the mass to be carried, gave their piers 
an area of ba^ much greater than was required by the load supported, and the nature of 
the stone used to support it. They, moreover, in this respect, did little more than imitate 
one another. The piers were constructed in form and dimensions suited rather to the 
arrangement and decoration of the building that was designed, than to a due apportion- 
ment of the size and weight to the load to be home ; so that their difference from one 
another is in every respect very considerable. 

The piers bearing the dome of St. Peter’s at Rome are loaded with a weight of 14*964 
tons for every superficial foot of their horizontal section. 

The piers bearing the dome of St. Paul’s at London are loaded with a weight of 17*705 
tons for every superficial foot of their horizontal section. 

The piers bearing the dome of the Hospital of Invalids at Paris are loaded with a weight 
of 1 3 *598 tons for every superficial foot of their horizontal section. 

The piers bearing the dome of the Pantheon ^St. Genevieve) at Pans are loaded with a 
weight of 26 *934 tons for every superficial foot of their horizontal section. 

The columns of St. Paolo fuori le mura, near Rome, are loaded with a weight of 18*123 
tons for every superficial foot of their horizontal section 

Ff 3 
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1b '^e ehuTch St. M^rj, the piers of the tower are loaded with upwards of 
27 tons to the superficial fijot. With such a discrepancy, it is difficult to say, without a 
most perfect knowledge of ffie stone employed, what shoidd be the exact weight per foot. 
The dome of the Hospital of the Invalids seems to exhibit a maximum of pier in relation 
to the w^ght, and that of the Pantheon Paris a minimum. All the experiments 
(scanty, indeed, they are) which we can present to the reader are those given at the 
b^inning of this s^tion. In this counhry, the government has always been too much 
employed in considering how long it can keep itself in place, to have time to consider how 
title s^r^ces of its members could benefit the nation by the furtherance of science. An 
exactiy opposite conduct has always marked tiae French government : hence more scientific 
artists are always foimd amongst them than we can boast here, where the cost of experi- 
n^ts invariably comes out of the artist’s pocket. 

Ratio of the Points of Support in a Building to its total Superficies. 

1583. In the pages immediately preceding, we have, with Rondelet for our guide, 
explained the principles whereon depend the stabilities of walls and points of support, with 
their application to different sorts of buddings. Not any point relating to construction is 
of more importance to the architect. Without a knowledge of it, and the mode of 
even generating new styles from it, he is nothing more than a pleasing draughtsman 
at the best, whose elevations and sections may be very captivating, but who must be con- 
tent to take rank in about the same degree as the portrait painter does in comparison with 
him who p^ts history. Hereafter will be ^ven the method of properly covering the walls, 
one which has occupied so much of our sp^e ; namely, when we treat of the subject of 
Roofs, and the method of framing them. It is equally important, and of as high value 
to the arclutect, as that which we are now quitting, to which we regret our limits do not 
allow us to add more: but previous to leaving it, we must subjoin a table of great instruc- 
tion, showing the ratio of the points of support to the total superficies covered in some of 
the principal buildings of Europe. 

Table showing the ratio op the Walls and Foikts of Support op the principal 

KnxFiCEs OF Europe to the total Area which they occupy. 


Karnes of Edifices. 

Total Area 
of the Build- 
ing in English 
superficial 
feet. 

Total Area 
of the Points 
of Support 
in English 
superficial 
feet. 

Ratio in 
Thousandths 
of the Points 
of Support to 
the total 
Area. 

The Pantheon at Rome - - _ 

34,328 

7,954 

0-232 

Temple of Peace at Rome _ - - 

67,123 

8,571 

0-127 

Great temple at Paestum ... 

15,353 

2,649 

0-172 

Ancient temple, Galuzzo, at Rome 

9,206 

2,167 

0-235 

Temple of Concord, Girgenti, Sicily 

6,849 

1,330 

0-194 

Temple of Jimo Luclna, Sicily 

6,821 

1,110 

0*163 

Cential building of the baths of Caracalla 

275,503 

48,91 1 

0-176 

Central building of the baths of Diocletian 
Temple of Claudius at Rome, now church of 

351,636 

58,797 

0-167 

S, Stefeno ----- 

36,726 

2,051 

0-056 

Mosque of S. Sophia at Constantinople 

BasiUca of S. Paolo fuori le mura (Rome), 

103,200 

22,567 

0-217 

1816 .... - 

10641.3 

12,655 

0-118 

Duomo of S. Maria del fiore at Florence 

84,802 

17,030 

0-201 

Duomo of S. Maria del fiore at Milan 

125,853 

21,635 

0-1 69 

St Peter’s at Rome, as executed 

227,069 

59,308 

0-261 

St. Peter’s at Rome, as projected by Bramante 

213,610 

46,879 

0-219 1 

Church of S. Vitale at Ravenna 

7,276 

1,142 

0*157 ' 

Church of S. Pietro a Vincola, Rome - 

21,520 

3,353 

0-155 1 

Church of S. Sabiuo — destroyed 

15,139 

1,543 


Church of S. Domenico, Palermo 

34,144 

4,988 

0-146 1 

Church of S. Giuseppe, Palermo 

26,046 

3,611 

0*139 ' 

Church of S. Filippo Neri, Naples 

22,826 

2,944 

0-129 

Church of &. Paul’s, London 

84,025 

14,311 

0-170 

Church of Notre Dame, Paris 

67,343 

8,784 

0-140 

Hotel of the Invalids, Paris - - 

29,003 

7,790 

0-268 

Church of S. Sulpice, Paris - - - 

60,760 

9,127 

0*151 

Church of S. Genevieve, Paris 

60,287 

9,269 

0-154 


■Hie above table exhibits also the comparative sizes of the different buildings named in it 
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Pressure of Earth against Walls. 

1584. It is not our intention to pursue this branch of the practice of walling to any 
extent, the determination of the thickness of walls in this predicament being more useful, 
perhaps, to the engineer than to the architect. We shall therefore be contented with but 
a concise mention of it. Rondelet has (with, as we consider, great judgment) adopted the 
theory of Belidor, in his Science des Ingenieurs, and we shall follow him. Without the 
slightest disrespect to later authors, we know from our own practice that walls of Revcte- 
ment may be built, with security, of much less thickness than either the theories of Belidor, 
or, latterly, of modern writers require. We entirely leave out of the question the rules of 
Dr. Hutton in his Mathematics, as absurd and incomprehensible. The fact is, that in 
carrying up walls to sustain a bank of earth, nobody, in the present day, would dream of 
constructing them without carefully ramming down the earth, layer by layer, as the wall 
is carried up, so as to prevent the weight of the earth, in a tiiangular section, pressing 
upon the wall, which is the foundation of all the theory on the subject. With this quali- 
fication, therefore, we shall proceed ; premising, that if the caution whereof we speak be 
taken, the thickness resulting from the following investigations will be much more than 
the outside of enough. 

1585. Earth left to itself takes a slope proportionate to its consistence; but for our 
purpose it will sufficiently exhibit the nature of the investigation, to consider the substance 
pressing against the wall as dry sand or pounded freestone, which will arrange itself in a 
slope of about 55^° with the vertical plane, and therefore of with an horizontal plane, 
as Rondelet found to be the case when experimenting on the above materials in a box, one of 
whose sides was removable. Ordinarily, 45° is taken as the mean slope into which earths 
recently thrown up will arrange themselves. 

1586. Belidor, in order to form an estimate for the thrust or pressure into which we are 
inquiring, divides the triangle EDF (^Jig. 611.) representing the mass of earth which 
creates the thrust, by parallels to its base 
ED, forming slices or sections of equal 
thickness and similar form ; whence it 
follows, that, taking the first triangle aFb 
as unity, the second slice will be 3, the 
third 5, the fourth 7, and so on in a pro- 
gression whose difference is 2 . 

1587. Each of these sections being 

supposed to slide upon an inclined plane 
parallel to ED, so as to act upon the face 
V D, if we multiply them by the mean 
height at which they collectively act, the 
sum of the products will give the total Pig. 6i!. 

effort tending to overturn the wall ; but as this sum is equal to the product of the whole 
triangle by the height determined by a line drawn from its centre of gravity parallel to 
the base, this last will be the method followed, as much less complicated than that which 
Belidor adopts, independent of some of that author’s suppositions not being rigorously 
correct, 

1588. The box in which the experiment was tried by Rondelet was 16^ in. (French) 
long, 12 in. wide, and 1 75 in. high in the clear. As the slope which the pounded free- 
stone took when unsupported in front formed an angle with the horizon of 34^'^, the height 
AE is 11 ^, so that the part acting against the front, or that side of the box where would be 
the wall, is represented by the triangle EDF. 

1589. To find by calculation the value of the force, and the thickness which should be 
given to the opposed side, we must first find the area of the triangle EDF — 

but as the specific gravity (or equal mass) of the pounded stone is only of that of the 
stone or other species of wall which is to resist the effort, it will be reduced to 73^ x ^ = 81. 
This mass being supposed to slide upon the plane ED, its effort to its weight will be as 
AE is to ED::ll^ ; 20, or 81 x =>45*9, which must be considered as the oblique 
power qr pairing through the centre of gravity of the mass, and acting at the extremity of 
the lever ik. To ascertain the length of the lever, upon whose length depends the thick- 
ness of the side which is unknown, we have the sinailar triangles gsr, qho, and kioy whose 
sides are proportional : whence qs srllqk l ho*, and as ko=hk — ho, we have qr I rslihk — 
ho : 

Whence, if — ^ 

The three sides of the triangle qsr are known from the position of the angle q at the centre 
of gravity of the great triangle EFD, whence each of the sides of the small triangle is 
equal to one third of those of the larger one, to which it is correspondent. 

Ff 4 
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Thus, making the side qr^a, 
qs~b, 

rss=Cf 

The unknown side «A=x, 

The pressure 45 *9 found «=/>, 

The height OF 

We have b ; cllb +x : and hk—ho will bey— — 

To obtain *A, we have the proportion a ; : ih. 

Whence ik ^ t^at the pressure p x tA is represented by p to which 

the resistance expressed by ^ niust equilibrate. 

Thus the equation becomes or x 2 + 

For easier solution, make = and ^ = 2n, and we have x® + 2nx = 2w, an 

equation of the second degree, which makes x='/ 2 m + nn — n, which is a general formula 
for problems of tliis sort. 

Returning to the values of the known quantities, in which 


a = 6 | /=7a 

b = 5{ p=45^ 

c = 3i d^in 

f—c 7* — 3| 

m^ph-iC—^ becomes m=:45'9x5ix = 12-70 and 27n = 25-4 ; 

pc , 45*9 y.S'15 

n=s^ becomes n = — — <=2*28 and n 7 i = 5'20. 


From the above, then, the formula x = 2m + m« — » becomes x = 25 *4 + 5 *90 — 2 *28 = 

3 ’ 22 , a result which was confirmed by the experiment, inasmuch as a facing of the thick' 
ness of inches was found necessary to resist the pressure of pounded freestone. By 
Belidor’s method, the thickness comes out 4-^ inches ; but it has been observed that its 
application is not strictly correct. In the foregoing experiment, the triangular part only 
of the material in the box was filled with the pounded stone, the lower part being supposed 
of material which could not communicate pressure. But if the whole of the box had been 
filled with the same material, the requisite thickness would have been found to be 5 J inches 
to bear the pressure. 

1590. In applying the preceding formula to this case, we must first find the area of the 
trapezium BEDF (y^. 612.), 
which will be found 1 95| ; b 
multiplying this by {§, to re- 
duce the retaimng wall and 
the material to the same spe- 
cific gravity, we have 169^. 

This mass being supposed to 
slide upon the inclined plane 
ED, its effort parallel to that 
plane will be 1 95^ x = 

95-76=p. Having found in 
the last formula that qs is re- 
presented by 5=6*93, sr by 
c = 4*76, qr by a=8'40, y= 

11*3, £?=17‘5; the thickness 
of the retaining wall becomes 
=sA— x; m=p 6 will be- 

come, substituting the values 

95-76 X 6-93 x i^^^/„=29.52 and 2«=59-04. » = becomes and «„ = 



Pifi. 612 . 


9*61. Substituting these values in the formula x= a^ 2 to + nn —n, we have x= V 59-04 + q.gi 

—3*1 =5*2, a result very confirmatory of the theory. 

1591. In an experiment made on common dry earth, reduced to a powder, which took a 
slope of 4^ 50', its specific-gravity being only | of that of the retaining side, it was found 
that the thickness necessary was 3 inches 

1592. It is common, in practice, to strengthen walls for the retention of earth with piers 
at certain intervals, which are called counterforts, by which the wall acquires additional 
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strength ; but after what we have said in the beginning of this article, on the dependence 
that is to be placed rather on well ramming down each layer of earth at the back of the 
wall, supposing it to be of ordinary thickness, we do not think it necessary to enter upon any 
calculation relative to their employment. It is clear their use tends to diminish the requi- 
site thickness of the wall, and we would rather recommend the student to apply himself to 
the knowledge of what has been done, than to trust to calculation for stability, though we 
think the theory ought to be known by him* 


Sect. XL 

MECHANICAL CARPENTRT. 

1593. The woods used for the purposes of carpentry merit our attention from their 
importance for the purpose of constructing solid and durable edifices. They are often 
employed to carry great weights, and to resist great strains. LTnder these circumstances, 
their strength and dimensions should be proportioned to the strains they have to resist. 
For building purposes, oak and hr are the two sorts of timber in most common use. 
Stone has, doubtless, the advantage over wood : it resists the changes of moisture and 
dryness, and is less susceptible of alteration in the mass ,* hence it ensures a stability which 
belongs not to timber. The fragility of timber is, however, less than that of stone, and its 
facility of transport is far greater. The greatest inconvenience attending the use of 
timber, is its great susceptibility of ignition. This has led, in this as in every age, to ex- 
pedients for another material, and in public buildings the object may be attained. In 
private buildings, the cost of the substitute will not permit the employment of other than 
the material which is the subject of our section. 

1594. Oak is one of the best woods that can be employed in carpentry. It has all the 
requisite properties ; such as size, strength, and stiffness. Oaks are to be found capable of 
furnishing pieces 60 to 80 ft. long, and 2 ft. square. In common practice, beams rarely 
exceed 36 to 40 ft. in lengtVi, by 2 ft. square. 

1595. In regard to its durability, oak is preferable to all other trees that furnish equal 
lengths and scantlings ; it is heavier, better resists the action of the air upon it, as well as 
that of moisture and immersion in the earth. It is a saying relating to the oak, that it 
grows for a century, lasts perfect for a century, and takes a century to perish. When cut 
at a proper season, used dry, and protected from the weather, it lasts from 500 to 600 
years. Oak, like other trees, varies in weight, durability, strength, and density, according 
to the soil in which it grows. The last is always in an inverse proportion to the slowness 
of its growth ; trees which grow slowest being invariably the hardest and the heaviest. 

1596. From the experiments made upon oak and other sorts of wood, it is found that 
their strength is proportional to their density and weight ; that of two pieces of the same 
species of wood, of the same dimensions, the heavier is usually the stronger. 

1597. The weight of wood will vary in the same tree; usually the heaviest portions are 
the lower ones, from which upwards a diminution of weight is found to occur. In full- 
grown trees, however, this difference does not occur. The oak of France is heavier than 
that of England; the specific gravity of the former varying from 1000 to 1054, whilst the 
latter, in the experiments of Barlow, varies from 770 to 920. The weight, therefore, of 
an English cube foot of French oak is about 58 English pounds. Timber may be said to 
be well seasoned when it has lost about a sixth part of its weight. 

1598. In carpentry, timber acts with an absolute and with a relative strength. For 
instance, that c^led the absolute strength is measured by the effort that must be exerted 
to break a piece of wood by pulling it in the direction of the fibres. The relative strength 
of a piece of wood depends upon its position. Tims a piece of wood placed horizontally 
on two points of support at its extremities, is easier broken, and with a less effort, than if 
it was inclined or upright. It is found that a smaller effort is necessary to break the piece 
as it increases in length, and that this effort does not decrease strictly in the inverse ratio 
of the length, when the thicknesses are equal. For instance, a piece 8 ft. long, and 6 in. 
square, placed horizontally, bears a little more than double of another, of the same depth 
and thickness, 16ft. long, placed in the same way. In respect of the absolute force, the 
difference does not vary in the same way with respect to the length. The following are 
experiments by Rondelet, to ascertain the absolute force, the specimen of oak being of 
861 specific gravity, and a cube foot, therefore, weighing 49^ lbs. 
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Cohetivt Farce of Pieces drawn in the Direction of their Length, 

First experiment. 

A «ma\\ rod of oak 0*0888 in. ( = 1 French line) square, mid 2*14 

in. in length, broke with a weight of - - - 115 lbs. averdupois. 

Another specimen of the same wood, and of similar dimensions, 

broke with - - - - - 10.5i®g 

Another specimen ----- 110^ 

The mean weight, therefore, was, in round numbers, 110 lbs. 

A rod of the same wood as the former, 0*177 inch ( = 2 French lines) 

square, and 2*14 inches long, broke with a weight of - 459^ lbs. averdupois. 

Another specimen - - - - -418 

Another specimen - - - - -451^ 

The mean weight, therefore, was 436 lbs. for an area in. ( = 4 square lines 
French, or 110 lbs. for each, French line = 0*0888 in. English). 

1599. Without a recital of all the experiments, we will only add, that after increasing 
the thickness and length of the rods in the several trials, the absolute strength of oak was 
found to be 110 lbs. for every ^§5 of an inch area ( = 1 French line superficial). 

The Strength of Wood in an upright Position, 

1600. If timber were not flexible, a piece of wood placed upright as a post, should bear 
the weights last found, whatever its height ; but experience shows that when a post is 
higher than six or seven times the width of its base, it bends under a similar weight before 
crushing or compressing, and that a piece of the height of 100 diameters of its base is 
incapable of bearing the smallest weight. The proportion in which the strength decreases 
as the height increases, is difficult to determine, on account of the different results of the 
experiments. Rondelet, however, found, after a great number, that when a piece of oak 
was too short to bend, the force necessary to crush or compress it was about 49*72 lbs. for 
every -yJJJg of a square inch of its base, and that for fir the weight was about 56 T 6 lbs. 
Cubes of each of these woods, on trial, lost height by compression, without disunion of 
the fibres ; those of oak more than a third, and those of fir one half. 

1601. A piece of fir or oak diminishes in strength the moment it begins to bend, so that 
the mean strength of oak, which is 47*52 lbs. for a cube of an inch, is reduced to 
2*16 lbs. for a piece of the same wood, whose height is 72 times the width of its base. 
From many experiments, Rondelet deduced the following progression : — 

For a cube, whose height is 1 , the strength 
— — 12 , — 

— — 24, — 

— — 36, — 

— — 48, — 

_ — 60, — 

— __ 72, — 

Thus, for a cube of oak, whose base is 1 *066 in. area ( = 1 square in. French) placed 
upright, that is, with its fibres in a vertical direction, its mean strength is ex- 
pressed by 144* X 47 *52 *=6842 lbs. From a mean of these experiments, the 

result was (by experiment) in lbs. averdupois - - - - 6853 

For a rod of the same oak, whose section was of the same area by 12*792 in. high 
( = 12 French in.), the weight borne or mean strength is 144 x =5702 lbs. 

From a mean of three experiments, the result was - - , 5735 

For a rod 25-584 ( = 24 French) in. high, the strength is 144 x ^^^ = 3421 lbs. - 3144 

For a rod 38-376 ( = 36 French) in. high, the strength is 144 x ^^ = 2281 lbs. - 2336 

For a rod 5 1 -1 60 ( = 48 French) in. high, the strength is 1 44 x = 1140 lbs. 

For a rod 63-960 ( = 60 French) in. high, the strength is 144 x ^^= 570 lbs. 

For a rod 76-752 ( = 72 French) in. high, the strength is 144 x ^^= 285 lbs. 

For a cube of fir, whose sides are I *066 in. area ( = 1 square in. French), placed as 

before, with the fibres in a vertical direction, we have 144 x 56*16 = 8087 lbs. - 8089 


= 1 
__ 5 
B 

= ^ 

1 

— B 

“15 


* The French inch, consisting of 144 lines. 
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For a square rod, whose base was 1 *066 in. area («=! square in. French), 12*792 in. 

high, we have 1 44 x 67 39 lbs. - . - - 6863 

For a rod 25*584 (=24 French) in. high, 144 x ^^ = 4043 lbs. - - 3703 

For a rod 38*376 ( = 36 French) in. high, 144 x ^^==2696 lbs. - - 2881 

For a rod 51*160 (=48 French) in. high, 144 x^^ = 1348lbs. 

For a rod 63*960 ( = 60 French) in. high, 144x^^-= 674 lbs. 

For a rod 76*752 ( = 72 French) in. high, 1 44 + = 337 lbs. 

The rule by Rondelet above given was that also adopted by MIVI. Perronet, Lam- 
blardie, and Girard. In the analytical treatise of the last-named, some experiments are 
shown, which lead us to think it not very far from the truth. From the experiments, more- 
over, we learn, that the moment a post begins to bend, it loses strength, and that it is not 
prudent, in practice, to reduce its diameter or side to less than one tenth of its height. 

1602. In calculating the resistance of a post after the rate of only 10*80 for every 1 *066 
superficial line English ( = 1 line super. French), which is much less than one quarter of 
the weight under which it would be crushed, we shall find that a square post whose sides 
are 1 066ft.( = l ft. French) containing 22104*576 English lines ( = 20736 French), would 
sustain a weight of 238729 lbs. or 106 tons. Yet as there may be a great many circum- 
stances, in practice, which may double or triple the load, it is never safe to trust to a post 
the width of whose base is less than a tenth part of its height, to the extent of 5 lbs. per 
1 *066 line ; in one whose height is fifteen times the width of the base, 4 lbs. for the same 
proportion ; and when twenty times, not more than 3 lbs. 

Horizontal Pieces of Timber. 

1603. In all the experiments on timber lying horizontally, as respects its length, and sup- 
ported at the ends, it is found that, in pieces of equal depth, their strength diminishes in 
proportion to the bearing between the points of support. In pieces of equal length between 
the supports, the strength is as their width and the squares of their depths. We here con- 
tinue M. Rondelet’s experiments. 

1604. A rod of oak 2*132 in. (2 in. French) square, and 25*584 in. (24 in. French) long, 
broke under a weight of 2488 *32 lbs., whilst another of the same dimensions, but 1 9*1 88 in. 
(18 in. French) bore 3353*40; whence it appears that the relative strength of these two 
rods was in the inverse ratio of their length. Theproportionis 19*188 : 25*584::2488*32 : 
3317*76, instead of 3353*40 lbs., the actual weight in the experiment. 

1605. In another rod of the same wood, 2*132 in. wide and 3'198 deep, and 25*584in. 

bearing, it broke with a weight of 5532ibs. In the preceding first-mentioned experiment 
it was found that a rod of 2 132 in. square, with a bearing 25*584in. bore 2488*32 lbs. 
Supposing the strength of the rods to be exactly as the squares of their heights, we should 
have 4*54 (2*132‘2) ; 10*23 (3*1982) 2488*32 : 5598*7 lbs. ; which the second rod should 

have borne, instead of 5532 lbs. There are numberless considerations which account for the 
discrepancy, but it is one too small to make us dissatisfied with the theory. 

1606. In a third experiment on the same sort of wood, the dimension of 3*198 in. being 
laid flatwise, and the 2*1 32 in. depth wise, the bearing or distance between the supports 
being the same as before, it broke with a weight of 3573 lbs. ; whence it follows that the 
strength of pieces of wood of the same depth is proportional to their width. Thus, com- 
paring the piece 2*132 in. square, which bore 2488 lbs., we ought to have 2*132 : 3*198 
; : 2488*32 : 3624*48, instead of 3573 lbs. 

1 607. From a great number of experiments and calculations made for the purpose of 
finding the proportion of the absolute strength of oak, to that which it has when lying 
horizontally between two points of support, the most simple method is to multiply the 
area of the piece in section by half the absolute strength, and to divide the product by the 
number of times its depth is contained in the length between the points of support. 

1608. Thus, in the experiments made by Belidor on rods of oak 3 French ( = 3*198 
English) ft. long, and 1 French ( = 1*066 in. English) in. square, the mean weight 
under which they broke was 200*96 lbs. averdupois. Now, as the absolute strength of 
oak is from 98 to 110 lbs. for every in. ( = 1 French line), the mean strength will be 
104 and 52 lbs. for its half, and the rule will become (144 lines, being =1 French in.) 

207 *30 lbs., instead of 200*96 lbs. 

1609. Three other rods, 2 French in. square (2-132 Eng.), and of the same length be- 
tween the supports, broke with a mean weight of 1711*8 lbs. By the rule 

= 1658*88lbs. averdupois. Without further mention of the experiments of Belidor, we 
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may obsenre, that those of Parent and othem give results which confirm the rule. The 
experiments, however, of Buffbn, having been made on a larger scale, show that the strength 
of pieces of timber of the same size, lying horizontally, does not diminish exactly in the pro- 
portion of their length, as the theory whereon the rule is founded would indicate. It be- 
comes, therefore, proper to modify it in some respects. 

1610.. Buflbn’s experiments show that a beam as long again as another of the same 
dimensions will not bear half the weight that the shorter one does. Thus — 


A beam, 7 *462 ft. long, and 5*330 in. square, broke with a 
weight of - - - - 

Another, 14*924 ft. long, of the same dimensions, broke with a 
weight of - - - - 

A third, 29*848 ft. long, of the same dimensions, bore before 
breaking _ - - - _ 

By the rule, the results should have been, for the 7*462 ft. beam 

for that of 1 4 *924 
for that of 29*848 


12495*06 lbs, averdupois, 

5819.04 

21 1 2*48 
12495*60 
6247*80 
3123*90 


Whence it appears, that owing to the elasticity of the timber, the strength of the pieces, 
instead of forming a decreasing geometrical progression, whose exponent is the same, forms 
one in which it is variable. The forces in question may be represented by the ordinates of 
a species of catenarean curve. 

1611. In respect, then, of the diminution of the strength of wood, it is not only pro- 
portioned to the length and size, but is, moreover, modified in proportion to its absolute 
or primitive force and its flexibility j so that timber exactly of the same quality would give 
results following the same law, so as to form ordinates of a curve, exhibiting neither 
inflection nor undulation in its outline : thus in pieces whose scantlings and lengths 
form a regular progression, the defects can only be caused by a difference in their primitive 
strength ; and as this strength varies in pieces taken from the same tree, it becomes im- 
possible to establish a rule whose results shall always agree with experiment ; but by 
taking a mean primitive strength, we may obtain results sufficiently accurate for practice. 
For this purpose, the rule that nearest agrees with experiment is — 

1 st. To subtract from the primitive strength one third of the quantity which 
expresses the number of times that the depth is contained in the length of the 
piece of timber. 

2 d. To multiply the remainder thus obtained by the square of the length. 

3d. To divide the product by the number expressing the relation of the depth to the 


length. 

Hence calling the primitive strength - - - s= a 

— the number of times that the depth is contained in the length « 6 

— the depth of the piece - - - = d 

— the length - - - - = I 


b 

The general formula will be, ^ 3 ^ dd 

6 h 3 

1612. Suppose the primitive strength 0 = 64*36 for each 1*136 square line(=:l line 
French), we shall find for a beam 5*330 in. square, by 19*188 ft. long, or 230*256 inches, 

250*256 

that the proportion of the depth to the length = 5 .^ =43 *2 =- 6 . 

1613. The vertical depth being 5*330 or 63*960 lines, dd will be 4089*88 ; substituting 

. . « t oxrfrf rfrf . , . . 64-36X 4089-88 4089 88 „ 

these values in the formula — ^ we nave ^ — = 4067 *99, instead of 

4120*20, the mean result of two beams of the same scantlings in the experiments of Buffbn. 
But as the mean primitive strength of the beams is, according to the second of the following 
tables, 64*99, instead of 64*36, which has been taken for the mean strength of all the pieces 
given in that table, we ought to have found less. Thus taking 64*99, we have 
_W^^_^j 2 o* 20 , as in the experiment- 

Hie scientific world generally, the architect and engineer especially, are indebted to the 
person from whom the tables which follow have emanated. They are worth more than 
all which hitherto has been done in this country ; and our surprise is great that in most of 
the various treatises on timber and carpentry, some whereof have resulted from no mean 
hands, more importance has been given to theoretical instruction than to that which might 
have been deduced from experiments. The treatises, indeed, on mechanical carpentry 
almost seem to have been written more with the view of perplexing than of assisting the 
student. 
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TABUS <rr ZZPB&mjEKTS. 

Table I. 

ExperimeBts on Pieces of Timber 4*264 inches square, supposing the absolute 
Strength 60*1344. 

Lenetb ProDor- rni^aftiT^ Absolute Relatire Relative Breaking 

of the tionof Weight of before Strength. Strength, .^ight Effort Stren^h Weight 

PierM the Pieces hreiVinrp in Pounds ^cord- ^cord> calcu- 

in Feet. I.en?th hi Pounds, in rnp.>iM averdu- to ing to hUed on 

m Feet Length. os- “ >"C»ee. Expert- Calcula- relative 

^ ment. txon. Strength. 


1*88 


47*05 


12,197 
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Wdgbt of 
the Pieces 

Currature 

before 

Absolute { Relative 
Strength. 1 Strength. 

Weight in 
Pounds 

in Pounds. 

breabing} 
in Inches. 

From Experiment. 

averdu.. 

pois. 


241-92 

4-264 

238-68 

4-352 

275-40 

4-797 

274-32 

4-441 

317-52 

5-863 

316-48 

6-218 

360-72 

7-906 

357-48 

9-060 

407-16 

10-126 

405-00 

9-416 


Experiments 

8- S28 13f j 

9- 594 IS? j 

10-660 17+ j 

12-792 20^ j 

14-924 24 

17-056 27iJ \ 


54-69 46-05 

54-36 44-28 

54-86 43-38 

54-92 42-96 

56-79 42-39 


Table IV. 

oa Pieces of Timber 7-462 inches square, supposing the absolute 
Strength 57-85. 



Relative" 
Strength 
accord- 
ing to 
Calcula- 
tion. 

Breaking 
Weight 
calcu- 
lated on 
relative 
Strength. 

48-24 

9,420 

46-81 

8,666 

45-36 

7,348 

43-92 

6,319 

42-49 

5,506 


r 220-32 
I 217-62 
I 245 -16 
I 243 00 
I 274-32 
I 272-16 
I 326 -16 
I 325-08 
r 379-08 
[379-08 
[438-48 
1 435-24 
[ 491 -32 
I 491 -32 
r 545-40 
I 540-00 


52-92 26,927 
51-74 23,656 
51-68 21,246 
50-49 17,318 
49-21 14,470 
4<r-98 1 2,343 
46-76 10,693 
45-51 9,207 


Table V. 

Experiments on Pieces of Timber 8-528 inches square, supposing the absolute 

Strength 55-08. 
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second column. The seventh 
column gives the weight borne 
before breaking, independent of 
their own weight. The eighth, 
the mean effort with which the 
pieces broke, including half their 
weight, the other half acting 
on the points of support. The 
ninth shows the reduced strength 
of the pieces in respect of the 
proportions of the depth to the 
length, supposing the primitive 
strength equal for all the pieces 
in the same table. The tenth 
column gives the result of the 
calculation according to the rule 
above given. 

1616. In order to give an idea 
of the method of representing 
the strength of wood of the same 
scantling, but of different lengths, 
by the ordinates of a curve, we 
annex jig. 61 2. to explain by it 
the result of the experiments of 
Buffon, given in the second table. 
The ordinates of the polygon N, 
O, P, Q, &c. represent the results 
of the experiments made upon 
beams 5 *330 in. square, of different 
lengths, whose primitive strength 
varied in each piece. 

1617. The ordinates of the re- 
gular curve, m, /, i, A, /, e, d, c, 
&, Z, show the results of the cal- 
culation according to the rule, 
taking the same primitive strength 
for each piece. 

1 61 8. After what has been said 
in a preceding page, it is easy 
to conceive that the primitive un- 
equal strengths would form an 
irregular polygon, whereof each 
point would answer to a different 
curve ; whilst, supposing the same 
primitive strength to belong to 
each piece, there should be an 
agreement between the strengths 
and scantlings which constitute a 
regular curve. 

1619. Thus it is to be ob- 
served that the points O .and P 
of the regular polygon only vary 
from the regular curve, wi, /, A, z, 
&c., because the ordinate LO is 
the product of a primitive strength 
diminished by the mean primitive 
strength which produced the or- 
dinate of the curve KP. Hence 
the point P is above the properly 
correspondent point k. 

1620. For the same reason, the 
point c is above its correspond- 
ing point X, because the relative 
ordinat" Cc is the product of a 
primitiy'e strength greater than 
the mean which produced the 
point X. 



Fig. 


,28 M 
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1621. Itefemng to the second table, we find that the primitive strength answering to the 
point O is but 60*76, and the value of the ordinate LO 2502, whilst that of the point P 
is 68*34, and the value of the ordinate KP 3364 ; and as the ordinates L2 and KA cor- 
responding to the curve are calculated upon the same primitive strength of 64*36, which 
for 12 gives 2726, and for KP 3092 : it follows that, in considering all these quantities as 
equal parts of a similar scale, the point P of the polygon should be (3364—3092 = ) 
272 of these parts above the corresponding point k of the curve, and the point O 224 of 
those parts (2726 — 2502) below the point 1. 

1 622. To render the researches made, available and useful, the table which follows has 
been calculated so as to exhibit the greatest strength of beams from pieces 3*198 in. square, 
up to 19*188 in. by 26*65 in. 

The first column contains the length of each piece in English feet. 

The second column, the proportion of the depth to the length ; and 

The third, the greatest strength of each piece in pounds averdupois. 

The table is for oak ; and it is to be recollected that the weight is supposed to be 
concentred in the middle of the bearing of the beams, and hence double what it would be 
if distributed over the whole length of each piece. 

Experience, as well as investigation of the experiments, shows, that in order to resist 
all the efforts and strains which, in practice, timber has to encounter, the weight with 
which it is loaded ought to be very much less than its breaking weight, and that it ought 
not to be more than one tenth of what is given as the breaking weight in the following 
table, beyond which it would not be safe to trust it. The abstraction of the last figure on 
the right band, therefore, gives the practicable strength by simple inspection. In a subse- 
quent page, the reduction of the strength of oak to fir, which is in more general use in this 
country, will be introduced, so as to make the table of more general utility. 

Table VI. 

Showing the greatest Strength of Oak Timber lying horizontally, in pounds averdupois. 


reel. 

Leuijiu. 

uupuis. 

I . 

j reel. 

Leiigtti. 

dupois. 

j ireet. 

' Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
lb$. aver- 
dupois. 

3'198 inches (Eng.) square. 

3-198 in. by 5-330 in. 

4-264 inches square. 

1-599 

6 

12245 

2-664 

6 

20418 

2*842 

8 

16224 

2-132 

8 

8747 

3-553 

8 

15109 

3-553 

10 

12728 

2-664 

10 

7163 

4-441 

10 

11934 

4*264 

12 

10469 

3-198 

12 

5839 

5-330 

12 

9815 

4-974 

14 

8696 

3-730 

14 

4980 

6*218 

14 


5-685 

16 

7645 

4-264 

16 

4290 

7-106 

16 

7167 

6-396 

18 

6702 

4-796 

18 

.3771 

7-994 

18 

6283 

7-106 

20 

5951 

5-330 

20 

3247 

8*883 

20 

5578 

7-817 

22 

5333 

5*862 

22 


9*771 

22 

5010 

8*528 

24 

4820 

6*396 

24 

2711 

10*660 

24 

4519 

9*238 

26 

4386 

6*928 

26 

2447 

11-548 

26 

4111 

9-949 

28 

4014 

7-469 

28 

2257 

12*436 

28 

3758 

10-66 

30 

3686 

7-994 

30 

2076 

13-324 

30 

3459 




3-198 in. by 4-264 in. 

3*198 in. by 6-396 in- 

. 

4-264 

in. by 5-330 in. 

2*132 

6 

16326 

3-198 

6 

24489 

3-553 

8 

16224 

2*842 

8 

12090 

4-264 

8 

18136 ; 

4-441 

10 

12730 

3-553 


9547 

5-330 


14321 i 

5*330 

12 

10469 

4*264 

12 

7852 

6-396 

12 

11778 i 

6-218 

14 

8856 

4*974 

14 

6642 

7-462 

14 

9963 1 

7-106 

16 

7645 

5-685 

16 

5724 

8*528 

16 

8761 1 

7-994 

18 

6702 

6-396 

18 

5027 

9-594 

18 

7540 i 

8*883 

20 

5951 

7-106 

20 

4462 

10-660 

20 

6694 1 

9-771 

22 

5333 

7-817 

22 


11-726 

22 


10-66 

24 

4820 

8-528 

24 

3615 

12-792 

24 

5422 

11-55 

26 

43Qfi 

9*238 

26 

3289 

13*858 

26 

4934 

12-44 

28 


9-949 

28 

3010 

14-924 

28 

4514 1 

13-32 

30 


10*660 

30 

2767 

15-990 

30 

> 4150 ! 
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Length of 

Proper- 

Breaking 

Length of 

Proper- 

Breaking 

1 

Length of 

Proper- 

Breaking 

each Piece 

tioQ of 

Weight m 

each Piece 

tion of 

Weight in 

each Piece 

tion of 

Weight in 

in Enidish 

Depth to 

lbs. aver- 

in English 

Depth to 

lbs. aver- 

in English 

Depth to 

aver- 

Feet. 

Length. 

dupois. 

beet. 

Length. 

dupois. 

Feet. 

Length. 

dupois. 

6 '396 in. by 9*594 in. 

7 *462 inches square. 

7-462 in. by 11-726 in. 

7-994 

10 

42964 

6*218 

10 

35746 

9-771 

10 

60264 

9-594 

12 

35334 

7-462 

12 

31911 

11*73 

12 

49384 

11*19 

14 

29891 

8-705 

14 

27123 

13*68 

14 

42622 

12-79 

16 

25791 

9*949 

16 

23413 

15-63 

16 

36792 

14*39 

18 

22623 

H-19 

18 

20530 

17-59 

18 

31808 

15-99 

20 

20084 

12-44 

20 

18224 

19-54 

20 

28637 

17-59 

22 

18002 

13-68 

22 

16335 

21-50 

22 

24719 

19-19 

24 

16267 

14*92 

24 

14761 

23-45 

24 

23196 

20-79 

26 

14802 

16-17 

26 

13436 

25-40 

26 

21307 

22*39 

28 

13544 

17-41 

28 

12637 

27-36 

28 

18928 

23-98 

30 

12453 

18-65 

30 

10940 

29-31 

30 

17758 

6*396 in. by 10*66 in. 

7*462 

in. by 8*528 in. 

7*462 in. by 12*792 in. 

8*883 

10 

47738 

7-106 

10 

44577 

1 

1 10*66 

10 

66832 

10*66 

12 

39261 

8*528 

12 

36643 

! 12-79 

12 

55964 

12-44 

14 

33212 

9*949 

14 

29806 

14-92 

14 

46497 

14*21 

16 

28670 

l 11-37 

16 

26746 

1 17-06 

16 

40138 

15-99 

IS 

25135 

12-79 

18 

24060 

! 19-19 

18 

34992 

17-77 

20 

22315 

14-21 

20 

21838 

21-32 

20 

31241 

19-54 

22 

19973 

15-63 

22 

18667 

23-45 

22 

28003 

21-32 

24 

18075 

17-06 

24 

16870 

25-58 

24 

25305 

23*10 

26 

16447 

18-48 

26 

15418 

27-72 

26 

23068 

24-87 

28 

15050 

19-90 

28 

14046 

29-85 

28 

21070 

26-65 

SO 

13638 

21 -32 

30 

12915 

31 -98 

30 

18373 

6-396 in. by 11-726 in. 

7*462 in. by 9*594 in. 

7-462 in. by 13-858 in. 

9-771 

10 

52512 

7-994 

10 

50125 

12*61 

10 

72403 

11*72 

12 

43176 

9-594 

12 

41221 

13*86 

12 

59546 

13-68 

14 

36533 

11*19 

14 

35644 

16*17 

14 

50371 

15*63 

16 

- 31537 

12-79 

16 

30103 

18*48 

16 

43483 

17-59 

18 

27631 

14*39 

18 

26394 

19-72 

18 

38124 

19*54 

21*50 

20 

24546 

15-99 

20 

23432 




22 

22003 

17-59 

22 

21003 




23*45 

24 

19883 

19*19 

24 

18979 

8*528 inches square. 

25*41 

26 















27*36 

28 

16554 

22*39 

28 

15802 

7-106 

10 

50921 

29*31 

30 

15221 

23-98 

30 

14530 

8*528 

12 

41878 



tf 




9*949 

11*37 

14 

16 

35426 

30581 







6*396 in. by 12*792 in. 

7 -462 in. by 10-66 in. 

12-79 

18 

26812 







14-21 

20 

23803 

21342 

10*66 

10 

57285 

8-983 

10 

55738 

15-63 

22 

12-79 

12 

47083 

10*66 

12 

45804 

17*06 

24 

19280 

14-92 

14 

37854 

12*44 

14 

S8757 

18-48 

26 

17345 

17-06 

16 

34404 

14*21 

16 

83449 

19-90 

28 

16051 

19-19 

18 

30164 

26719 

15-99 

17-77 

18 

20 

29226 

26142 

21-32 

30 

14760 

21 -32 

20 




23-45 

22 

24003 

19-54 

22 

23325 

8-528 in. by 9-594 in. 

25*58 

27*72 

24 

26 

21689 

19377 

21*32 

23*10 

24 

21087 

19139 




26 

7-994 

10 

57285 

29-85 

28 

18060 [ 

24-97 

28 

17557 

9-594 

12 

470Q3 

31-98 

30 

16000 

26-65 

30 

16144 

11-19 

14 

39854 
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I/ength of Proper- Breaking 
each Piece tion of Weight in 
in English Depth to Ibs.aver- 


8*528 in. by 14*924 in. 


8*528 in, by 11*726 in. 


9*594 in. by 10*66 in. 


Length of 
each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

21-32 

20 

23-45 

22 

25-58 

24 

27-72 

26 

29-85 

28 

31*98 

30 


8-528 in. by 10-66 in. 

9 '594 inches square. 

8*883 

10 

62651 

7-994 

10 

64447 

10*66 

12 

52348 

9-594 

12 

52992 

12-44 

14 

44283 

11*19 

14 

45402 

14*21 

16 

38227 

12-79 

16 

38704 

15-99 

1 18 

33516 

14-39 

18 

33935 

17-77 

1 20 

29754 

15-99 

20 

30125 

19-54 

22 

26669 

17-59 

22 

27003 

21 *32 

24 

24100 

19-19 

24 

24401 

23-10 

26 

21930 

20-79 

26 

22205 

24-87 

28 

20066 

22*39 

28 

20317 

26-65 

30 

18444 

23-98 

30 

18681 


8-528 in by 12-792 in. 

9-594 in. by 11-726 in. 

10-66 

10 

76381 

9-771 

10 

78848 

12-79 

12 

62817 

11-73 

12 

64780 

14-92 

14 

53139 

13-68 

14 

54800 

17-06 

16 

45872 

15-63 

16 

47305 

19-19 

18 

40219 

17-59 

18 

41476 

21*32 

20 

35715 

19-59 

20 

36820 

23-45 

22 

32004 

21 -50 

22 

33004 

25-58 

24 

28920 

23-45 

24 

29825 

27-72 

26 

26356 

25-40 

26 

27138 

29-85 

28 

24851 

27-36 

28 

24830 

31-98 

30 

22149 

29-21 

30 

22832 

8*528 in. by 13*858 in. 

9*594 in. by 12*792 in. 

11-55 

10 

82746 

10-66 

10 

85929 

13-86 

12 

68052 

12-79 

12 

70670 

16-17 

14 

57576 

14-92 

14 

59782 

18-48 

16 

49627 

17-06 

16 

51406 

20*79 

18 

43628 

19-19 

18 

45247 


9-594 in. by 13-858 in. 

11-55 

10 

93089 

13-86 

12 

76458 

16-17 

14 

64763 

18*48 

16 

55906 

20-79 

18 

49117 

9*594 in. by 14-924 in. 

1 ^ 

12-44 

10 

100250 

14-92 

12 

82447 

17*41 

14 

69745 

19-90 

16 

60207 

22-39 

18 

52771 

10-66 inches square. 

8-883 

10 

79564 

10-66 

12 

65435 

12-44 

14 

55453 

14-21 

16 

47783 

15-99 

18 

41895 

17-77 

20 

37192 

19*54 

22 

33337 

21*32 

24 

30125 

23*10 

26 

27412 

24*87 

28 

24083 

26-65 

30 

23061 

10-66 in. by 11-726 in. 

9-771 

10 

87520 

11-73 

12 1 

71978 

13-67 

14 

60889 I 

15-63 

16 

52548 

17*59 

18 

45985 

19-54 

20 

40911 

21 -50 

22 

36671 

23-45 

24 

33138 

25 -40 

26 

30155 

27-36 

28 

27491 

29-21 

30 

25369 

10-66 in. by 12-792 in. 






452 


THEORY OF ARCHITECTURE. 


Book II. 



149191 
126207 
6 j 108946 
8 95521 




















Chap. 1. 


MECHANICAL CARPENTRY. 


453 


Length of 
each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
lbs. aver- 
dupois. 

Length of 
each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
lbs. aver- 
dupois. 

Length of 
each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
lbs. arer- 
dupois. 

1 3*858 inches square. 

13-858 in. by 21 -326 in. 

14*924 in. by 20*254 in. 

11-55 

10 

134463 

17-77 

10 

205531 1 

16-88 

10 

212547 

13-86 

12 

110584 

21*32 

12 

170130 

20-25 

12 

174057 

16-17 

14 

93547 

24*87 

14 

144920 

23 *63 

14 

147331 

18*48 

16 

80754 

28-43 

16 

124237 

27-00 

16 

127104 

20*79 

18 

70802 

31-98 

18 

108951 

29*38 

18 

111441 

13-858 in. by 14-924 in. 

ll 3 -058 in. by 22 -386 in. 

14*924 in. by 21 *326 in. | 

12-44 

10 

144806 

18*65 

10 

217210 

17-77 

10 

212776 

14-92 

12 

119092 

22-38 

12 

178637 

21 *32 

12 

173218 

17-41 

14 

100813 

26*12 

14 

151115 

24*87 

14 

150991 

19*90 

16 

86966 

29-85 

16 

130049 

28*43 

16 

1.33733 

22-39 

18 

76249 

33-58 

18 

114374 

31-98 

18 

117306 

13-858 in. by 15-99 in. 

14*924 inches square. 

14 *924 in. by 22*386 in. 

13-32 

10 

154825 

12*44 

10 

155944 

18-65 

10 

233917 

15-99 

12 

127598 

14-92 

12 

128092 

22-38 

12 

192378 

18-68 

14 

107939 

17-41 

14 

108493 

26*12 

14 

162737 

21 *32 

16 

93177 

19-90 

16 

93655 

29-85 

16 

140483 

23-98 

18 

81755 

22-39 

18 

82114 

33-58 

18 

112372 

13-858 in. by 17-056 in. 

14-924 in. by 15-990 in. 

14-924 in. by 23-452 in. 

14-21 

10 

164426 

13-32 

10 

167083 

19-54 

10 

246136 

17-06 

12 

136153 

15-99 

12 

137213 

23-45 

12 

201540 

19-90 

14 

1 14364 

18-65 

14 

116242 

27 -.36 

14 

170490 

22*74 

16 

99396 

21*32 

16 

100354 

31-27 

16 

147173 

25*58 

18 

91941 

23-98 

18 

87980 

35*18 

18 

129037 

1 3 -858 in. by 18 *1 22 in. 

14*924 in. by 17*056 in. 

15*99 inches square. 

15*10 

10 

175836 

14-21 

10 

178223 

13*32 

10 

179009 

18-12 

12 

144611 

17*06 

12 

146674 

15-99 

12 

147229 

21-14 

14 

121332 

19-90 

14 

123993 

18-65 

14 

124547 

24*16 

16 

105601 

22-74 

16 

107034 

21 *32 

16 

107513 

27*18 

18 

92588 

25-58 

18 

93845 

23*98 

18 

94164 

13 *858 in. by 19*188 in. 

1 4 -924 in. by 1 8 *1 22 in. 

15*99 in. by 17*056 in. 

15-99 

10 

141179 

15-10 

10 

189362 

14*21 

10 

190953 

19-19 

12 

153115 

18-12 

12 

155735 

17-06 

12 

160244 

22-37 

14 

129528 

21*14 

14 

131741 

19-90 

14 

132849 

25-58 

16 

111813 

24-16 

16 

113764 

22-74 

16 

114680 

28*78 

18 

98935 

27*18 

18 

99711 

25-58 

18 

• 100548 

13*858 in. by 20*254 in. 

1 4 *924 in. by 19 *1 88 in. 

15*99 in. by 18*122 in. 

16-88 

10 

196522 

15-99 

10 

200501 

15*10 

10 

202888 

20*25 

12 

161624 

19-19 

12 

164895 

18*12 

12 

166859 

23*63 

14 

136724 

22*37 

14 

139492 

21*14 

14 

141153 

27-00 

16 

118026 

25-58 

16 

120415 

24*16 

16 

121848 

29*38 

18 

103481 

28*78 

18 

105575 

27-18 

18 

106832 
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Length of 
each Piece 
in English 
Feet 

• 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
lbs. aver- 
dupois. 

Length of 
each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight m 
lbs. aver- 
dupois. 

Length of 
each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
lbs. aver- 
dupois. 

15*99 in, by 19*188 in. 

17 -056 in. by 18 -122 in. 

17-056 in. by 25 -584 in. 

15-99 

10 

214823 

15-10 

10 

216412 

21-32 

10 

305525 

19-19 

12 

176584 

18*12 

12 

177983 

25-58 

12 

251360 

22-37 

14 

149456 

21 *14 

14 

150563 

29-85 

14 

212559 

25-58 

16 

129015 

24*16 

16 

1 29970 

34*11 

16 

183421 

28*78 

18 

113118 

27-18 

18 

113954 

38-37 

18 

160277 

j 15*99 in. by 20*254 in. 

17-056 in. by 19-188 in. 

18*122 inches square. 

16*88 

10 

226757 

15-99 

10 

229144 

15-10 

10 

229907 

20*25 

12 

186490 

19-19 

12 

188456 

1 18*12 

12 

187107 

23*63 

14 

157759 

22*37 

14 

158439 

21*14 

14 

159973 

27*00 

16 

136183 

25-58 

16 

137617 

24*16 

16 

142094 

29*38 

18 

119401 

28 *78 

18 

120659 

27-18 

18 

121077 

15-99 in. by 21 -326 m. 

17-056 in. by 20-254 in. 

18*122 in. by 19*188 in. 

17-77 

10 

238692 

16*88 

10 

241875 

15-99 

10 

243465 

21-32 

12 

196365 

20-25 

12 

197322 

19-19 

12 

200131 

24-87 

14 

166062 

23-63 

14 

168276 

22-37 

14 

169383 

28-43 

16 

143350 

27-00 

16 

145261 

25-58 

16 

146217 

31 -98 

18 

125686 

29*38 

18 

127341 

28-78 

18 

128199 

15-99 in. by 22-386 in. 

17 -056 in. by 21 -326 in. 

18-122 in. by 20-254 in. 

18-65 

10 

250626 

17-77 

10 

254605 

16*88 

10 

257091 

22*38 

12 

206127 

21-32 

12 

209391 

20-25 

12 

211356 

26*12 

14 

174365 

24*87 

14 

177132 

23-63 

14 

178793 

29-85 

16 

150517 

28*43 

16 

152807 

27-10 

16 

154340 

33*58 

18 

131770 

31*98 

18 

134112 

29-38 

18 

135261 

1 5 *99 in. by 23 *452 in. I 

1 7 *056 in. by 22 *386 in. 

18*122 in. by 21 *326 in. 

19-54 

10 

262561 

18-65 

10 

267334 

17-77 

10 

270317 

23-45 

12 

215935 

22*38 

12 

219861 

21 *32 

12 

222479 

27*36 

14 

182668 

26*12 

14 

184989 

24*87 

14 

188203 

31*27 

16 

157685 

29.85 

16 

160552 

28*43 

16 

162463 

35*18 

18 

138254 

33*58 

18 

140768 

31*98 

18 

142443 

15*99 in. by 24*518 in. 

17*056 in. by 23*452 in. 

18-122 in. by 22 -386 in. 

20*43 

10 

274495 

19-54 

10 

280064 

18-65 

10 

284043 

24 *52 

12 

225750 

23*45 

12 

230330 

22*38 

12 

233603 

28*60 

14 

190751 

27-36 

14 

190846 

26-12 

14 

19761 1 

32*69 

16 

164852 

31-27 

16 

168772 

29-85 

16 

170275 

36-78 

l8 

144538 

35-18 

IS 

147471 

33*58 

18 

149566 

1 7 *056 inches square. 

17-056 in. by 24-51 8 in. 

18-122 in. by 23-452 in. 

14-21 

10 

203684 

21*32 

10 

292795 

19-54 

10 

297569 

17*06 

12 

167513 

25*58 

12 

240800 

23*45 

12 

244727 

19*90 

14 

141706 

29 85 

14 

203702 

27*36 

14 

207023 

22*74 

16 

122967 

34*11 

16 

175842 

31*27 

16 

188710 

25-58 

18 

107251 i 

i 

38*37 

IS 

154174 

35*18 

18 

1 56688 
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Length of 
each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
lbs, aver- 
dupois. 

Length of 
each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
lbs. aver- 
dupois. 

Length of 

1 each Piece 
in English 
Feet. 

Propor- 
tion of 
Depth to 
Length. 

Breaking 
Weight in 
ibs. aver, 
dupois. 

18-122 in. by 24-518 in. 

19 -1 88 in. by 21 -326 in. 

19*188 in. by 25*584 in. 

20-43 

10 

310771 

17-77 

10 

286430 

31 -32 

10 

343716 

24*52 

12 

255851 

21 *32 

12 

235565 

25-58 

12 

282679 

28-60 

14 

216434 

24*87 

14 

196074 

29-85 

14 

140130 

32*69 

16 

186833 

28*43 

16 

171010 

34-11 

16 

207092 

36-78 

18 

163810 

31-98 

18 

150823 

38-37 

18 

180987 

1 18*122 in. by 25*584 in. 

1 

19-188 in. by 22-386 in. 

19*188 in. by 26*65 in. 

21*32 

10 

324621 

18-65 

10 

300763 

22*21 

10 

358037 

25-58 

12 

256975 

22-38 

12 

247344 

26-65 

12 

294458 

29-85 

14 

225844 

26*12 

14 

209238 

31 -09 

14 

249092 

34*11 

16 

194956 

29-85 

16 

180621 

35-53 

16 

216026 

38-37 

18 

170933 

33-58 

18 

158364 

1 

39*97 

18 

188529 

19*188 inches square. 

19*188 in. by 23*452 in. 

20*254 inches square. 

15-99 

10 

257787 

19-54 

10 

315073 

16-88 

10 

287226 

19-19 

12 

212107 

23-45 

12 

259122 

20-25 

12 

236220 

22-37 

14 

179347 

27-36 

14 

219101 

23-63 

14 

199827 

25-58 

16 

150818 

31 -27 

16 

189222 

27 10 

16 

172498 

28-78 

18 

135741 

35-18 

18 

165905 

29-38 

18 

151242 

19-188 in. by 20-254 in. 

19-188 in. by 24-518 in. 

20-254 in. by 21 -320 in. 

16-88 

10 

272108 

20-43 

10 

329395 

17-77 

10 

292343 

20-25 

12 

223788 

24-52 

12 

270901 

21-32 

12 

248653 

23*63 

14 

189310 

28 *60 

14 

2291 65 

24-87 

14 

200345 

27-00 

16 

163419 

32*69 

16 

197824 

28-43 

16 

181577 

29*38 

18 

143281 

36-78 

18 

173446 

31-98 

18 

159202 


1623. The table from which the above has been reduced to English measures* is extended 
to piepes of 31 *980 in. square, and 47 '97 ft. long; but as such scantlings rarely if ever 
occur in practice, unless strengthened by means of trussing, we have not considered it 
necessary to proceed beyond the scantling of 20*25 in. by 21 *32010., and 32ft. long. 

1624. Though the table is founded upon experiments on oak, it will serve for all sorts 
of wood, whose primitive strength is known, and the proportion they bear to oak. In 
order to facilitate calculations of that nature, the following table has been constructed, in 
which will be found the absolute and primitive strengths of the several sorts of timber, 
ordinarily used in carpentry, as also of some few others. 

Table VII. 

For applying the preceding Table to the Woods undermentioned. The primitive hori- 
zontal or transverse Strength of Oak is taken at 1000; its supporting or primitive 
vertical Strength at 807 ; and its cohesive or absolute Strength at 1821 ; being deduced 
from Pieces 19*188 lines English square. 


Species of Wood. 

Primitive 

horizontal 

Strength. 

Primitive 

vertical 

Strength. 

Absolute 

Strength. 

^lecies of 
Wood. 

Primitive 

horizontal 

Strength. 

Primitive 

vertical 

Strength. 

Absolute 

Strength. 

Acacia (yellow) 

780 

1228 

1560 

Fir 

918 

851 

1250 

Ash 

1072 

1112 

1800 

1 Oak 

1000 

807 

1821 

Beech 

1032 

986 

2480 

1 Pine-tree - 

882 

804 

1141 

Birch 

853 

861 

1980 

’ Poplar 

586 

680 

940 

Cedar 

627 

720 

1740 

1 Service-tree 

965 

981 

1642 

Cherry tree 

961 

986 

1912 

Sycamore - 

900 

968 

1564 

Chestnut 

957 

950 

1944 

Yew-tree - 

1037 

1375 

2287 

Elm 

1077 

1075 

1980 

Walnut 

900 

753 

1120 
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Method of using the above Ttxble for horizontal Timbers, 

1625. To find the strength of a beam of fir 23*98 ft. long and 5*330 by 9*594 in. 
Against these dimensions in the Table VI. we find 10378 as the breaking weight. In the 
Table VII. we find the primitive horizontal strength of oak is to that of fir as 1000 to 91 8. 
Hence 1000 ' 918:!l0378 to a fourth term which s»9527 ; which expresses the greatest 
strength of such a beam of fir, or that which would break it. Cutting off the last figure 
on the right hand, that is, taking one tenth, we have 952 for the greatest weight with which 
such a beam should be loaded. 

1626. If the beam be of chesnut, whose primitive strength is 957, the proportion becomes 
1000 : 957:: 10378 : 9931= the greatest strength of such a piece, and 2^ the greatest 
weight with which it should be loaded. 

Method of Application for the vertical bearing Strength. 

1627. To find the vertical strength of an oak post 9*594 in. square, and 9*594 ft. high. 
We shall find in Table VII. for the primitive vertical strength, 807 for 1 9*1 88 lines English 
superficial. But as this strength diminishes as the relative height of the post increases, 
which in this case is 12 times, we must (1601.), take only | of 807, according to the pro- 
gression there given, that is, 672^. 

1628. Tlic post being 9*594 in. square, its area will be 9*594xl2|2 = 13254'756, and 
5—^=692-34, and 692-34 x 672-5 = 465000, which divided hy 10 = 46500 ; is the weight 
with which without risk the post may be loaded. 

1629. If the post be of fir, whose primitive vertical strength to that of oak is as 851 to 
807, we have only to use the proportion 807 : 465000:: 851 : 490980, which divided by 
lOac 49098; the greatest weight with which it should be loaded. 


Method for obtaining the absolute or cohesive Strength. 

1630. In respect of this species of strength, which is that with which timber resists 
being drawn asunder in the direction of its fibres by weights acting at its ends, it is only 
necessary to multiply the area of the section of the piece reduced to lines by the tabular 
number 1821. if it be oak, and divide the proauct by 19*188, and the quotient will show 
the greatest effort it can bear. 

1631. Thus for a piece of oak 9*594 in. square, we have = 1260700 (in 

round numbers), which divided by 10 gives the greatest weight that should be suspended to 
the piece. 

1632. From Table VII. it will be seen that in the direction of the absolute strength, beech 

is the strongest wood, and that strength will be = 1363850, 

which will give 136385 for the greatest weight to be attached. 


Of the Strength of Timbers in an inclined Position. 

1633. If we suppose the vertical piece AB to become inclined to the base, experiment 
proves that its strength to resist (^ji. 614.) a vertical effort diminishes as its inclination 
increases ; so that, if from the upper part in D a vertical D/ be 
let fell, and ftom the points of the base the horizontal line BC ^ ■ 
be drawn, the stren^h of the piece diminishes as B/ in- 
creases : whence, I. The strength of a vertical piece is to that 
of an inclined piece of the same length and scantling as the 
length AB is to Bf or as the radius is to the sine of the in- 
clination of the piece. II. Vertical pieces have the greatest 
strength to resist a weight, and the weakest are pieces which 
lie horizontally. 

16.34. The first of these results furnishes ah easy method of 
finding, by the aid of the last table, the strength of a piece b . 
of timber whose length and inclination are known. Thus, 
suppose a piece of oak inclined 4*692 feet and 9*594 feet long ; 
its size being8*528 by 9*594 inches, whose area, therefore, is 11781*74 lines. This must be 
divided by the tabular number 19*188, and the quotient will be 61 4. In table VII., 807 is 
the primitive vertical strength of oak for 19*188 lines superficial of section ; hut as the piece 
is more than 1 2 times the width of its base, we are, as before observed, to take only | of 807, 
or 672*5, which is to be multiplied by 614, and the product is 412915. Then the pro- 
portion 9*594 : 4*692::4I2915 : 843400 is the strength, which, divided by 10 =84340, 
is the greatest load to which the inclined piece ought to be subjected. 

1635. In a section of a following chapter, that on Practical or Constructive Carpen- 
TRT, tables of scantlings for timbers will be given, more immediately useful to the practical 
architect than those deducible from the above rules. 
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CHAP. IT. 

MATERIALS USED IN BUILDING. 


Sect. I. 

STONE. 

1636. It is not our intention to advert to the stone which the Continent aiFords for 
building purposes ; a knowledge of the diflPerent kinds there found would be of no use to 
the English architect, and would occupy too much of our space as mere information. It 
is almost superfluous to say that the choice of stone for a building intended to be durable 
is of the very highest importance. “ In modem Europe,” it has been observed, “and par- 
ticularly in Great Britain, there is scarcely a public building, of recent date, which will be 
in existence a thousand years hence. Many of the most splendid works of modem archi- 
tecture are hastening to decay in what may be justly called the infancy of their existence, 
if compared with the date of public buildings that remain in Italy, in Greece, in Egypt, 
and the East.” 

1637. The various sorts of stone take their names either from the places where they are 
quarried or from the substances which principally enter into their composition. The term 
“ Freestone,” which is used in a very arbitrary way, is, as its name implies, that sort which 
can be wrought with the mallet and chisel, or cut with the saw, an operation which cannot 
be performed upon granite, whose hardness requires it to be dressed with pointed tools of 
different weights and sizes. It includes the two great general divisions of Limestone and 
Sandstone. The limestone of Portland is that which has for many years past been chiefly 
used in the metropolis. Latterly, other sorts have found their way in from the provinces ; 
and though, from many circumstances, we do not think it likely that Portland stone, from 
its facility of transport and other causes, will be altogether superseded, there is no doubt 
that its use is on the wane from the introduction of provincial sorts. 

16.38. We shall proceed, after some preliminary observations, to give, from the Report 
lately addressed to the Commissioners of Woods and Forests, on the occasion of selecting 
the stone for building the new Houses of Parliament, a view of the principal sorts of 
stone found and used in the island. 

1639. The qualities requisite for a building stone are hardness, tenacity, and com- 
p^tness. It is not the hardest stone which has always the greatest tenacity or toughness ; 
for limestone, though much softer, is not so ea^ly broken as glass. 

1640. The decay and destruction of stone are accelerated by nearly the same causes as 
those which destroy rocks themselves on the sur&ce of the globe. Such causes are of two 
kinds ; those of decomposition and those of disintegration. The former effects a chemical 
change in the stone itself, the latter a mechanical division and separation of the parts. 
Tlie effects of the chemical and mechanical causes of the decomposition of stone in 
buildings are much modified, ^cording to their situation, as, in the town or country. 
In populous and smoky towns the state of the atmosphere accelerates decomposition more 
than in those placed in the open country. 

1641. “ As regards the sandstones that are usually employed for building purposes, and 
which are generally composed of either quartz or siliceous grains, cemented by siliceous, 
argillaceous, calcareous or other matter, their decomposition is effected according to the 
nature of the cementing substance, the grains being comparatively indestructible. With 
respect to limestones composed of carbonate of lime, or the carbonates of lime and mag- 
nesia, either nearly pure or mixed with variable proportions of foreign matter, their 
decomposition depends, under similar circumstances, upon the mode in which their com- 
ponent parts are aggregated, those which are most crystalline being found to be the most 
durable, while those which partake least of th&t character suffer most from ex{>osure to 
atmospheric influences. 

1 642. “ The varieties of limestones termed Oolites (or Roestones) being composed of 
oviform* bodies cemented by calcareous matter of a varied character, will of necessity 
suffer unequal decomposition, unless such oviform bodies and the cement be equally 
coherent and of the same chemical composition. The limestones which are usually termed 
‘ sheUy^ from being chiefly formed of either broken or perfect fossil shells cemented by 
calcareous matter, suffer decomposition in an unequal manner, in consequence of the shells, 
which, being for the most part crystalline, offer the greatest amount of resistance to the 
decomposing effects of the atmosphere. 

1643. “ Sandstones, from the mode of their formations, are very frequently lanunated. 
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more especially when micaceous, the plates of mica being generally deposited in planes 
parallel to their beds. Hence, if such stone be placed in buildings with the planes of 
lamination in a vertical position, it will decompose in flakes, according to the thickness of 
the latninfle ; whereas, if it be placed so that the planes of lamination horizontal, that is, 
most commonly upon its natu^ bed, the amount of decomposition will be comparatively 
immateriaL 

1644. ** Limestones, such at least as are usually employed for building purposes, are not 
liable to the kind of lamination observable in sandstones ; nevertheless, varieties exist, 
especially those commonly termed shelly^ which have a coarse laminated structure, generally 
parallel to the planes of their beds, and therefore the same precaution in placing such stone 
in buildings so that the planes of lamination be horizontal, is as necessary as with the 
sandstones above noticed. 

1645. " The chemical action of the atmosphere produces a change in the entire matter 
of the limestones, and in the cementing substance of the sandstones acccording to the 
amount of surface exposed to it. The mechanical action due to atmospheric causes occa- 
sions either a removal or a disruption of the exposed particles, the former by means of 
powerflil winds and driving rains, and the latter by the congelation of water forced into or 
absorbed by the external portions of the stone. These effects are reciprocal, chemical 
action rendering the stone liable to be more easily affected by mechanical action, which 
latter, by constantly pr^enting new surfaces, accelerates the disintegrating effects of the 
former. 

1 646. “ Buildings in this climate are generally found to suffer the greatest amount of 
decomposition on their southern, south-western, and western fronts, arising doubtless from 
the prevalence of winds and rains from those quarters ; hence it is desirable that stones of 
great durability should at least be employed in fronts with such aspects. 

1647. Buildings situated in the country appear to possess a great advantage over those 
in populous and smoky towns, owing to lichens, with which they almost invariably become 
covered in such situations, and which, when firmly established over their entire surface, 
seem to exercise a protective influence against the ordinary causes of the decomposition of 
the stone upon which they grow. 

1648. ** As an instance of the difference in degree of durability in the same material 
subjected to the effects of the atmosphere in town and country, we may notice the several 
frusta of columns and other blocks of stone that were quarried at the time of the erection 
of St Paul's Cathedral in London, and which are now lying in the island of Portland, near 
the quarries from whence they were obtained. These blocks are invariably found to be 
covered with lichens, and although they have been exposed to all the vicissitudes of a marine 
atmosphere for more than 1 50 years, they still exhibit, beneath the lichens, their original 
forms, even to the marks of the chisel employed upon them, whilst the stone which was 
taken from the same quarries (selected, no doubt, with equal, if not greater, care than the 
blocks alluded to) and placed in the cathedral itself, is, in those parts which are exposed to 
the south and south-west winds, found in some instances to be fast mouldering away. 
Colour is of more importance in the selection of a stone for a building to be situated in a 
populous and smoky town, than for one to be placed in an open country, where all ediflces 
usually become covered, as before stated, with lichens ; for although in such towns those 
fronts which are not exposed to the prevmling winds and rains will soon become blackened*, 
the remainder of the building will constantly exhibit a tint depending upon the natural 
colour of the material employed. 

1 649. “ Before we proceed to adduce a few examples of the present condition of the 
various buildings we have examined, we would wish to observe that those which are highly 
decorated, such as the churches of the Norman and pointed styles of architecture, afford a 
more severe test of the durability of any given stone, all other circumstances being equal, 
than the more simple and less decorated buildings, such as the castles of the fourteenth and 
fifteenth centiiries, inasmuch as the material employed in the former class of buildings is 
worked into more disadvantageous forms than in the latter, as regards exposure to the 
effects of the weather ; and we would further observe, that buildings in a state of ruin, 
from being deprived of their ordinary protection of roofing, glazing of windows, &c., con- 
stitute an equally severe test of the durability of the stone employed in them. 

1650. “ As examples of the degree of durability of various building stones in particular 
localities, the following may be enumerated. Of the sandstone buildings which we ex- 
amined, we may notice the remains of Ecclestone Abbey, of the thirteenth century, i^r 
Barnard Castle, constructed of a stone closely resembling that of the Stenton quarry in the 
vicinity, as exhibiting the mouldings and other decorations, even to the dog’s-tooth orna- 
ment, in excellent condition- The circular keep of Barnard, apparently also built of the 
same mat erial , is in fine preservation. Tintern Abbey may also be noticed as a sandstone 

• We must take leave to question this st^ement ; as, for instance, in St. Paul’s Cathedral we find the 
northern front peculiarly black, whilst the south front and south-western angle are comparatively white. 

This we have always a>nshiered to have arisen from the more constant action of the sun’s rays upon them. 
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edifice that has to a considerable extent resisted decomposition ; for although it is decayed 
in some parts, it is nearly perfect in others. Some portions of Whitby Abbey are likewise 
in a perfect state, whilst others are fast yielding to the effects of the atmosphere. The 
older portions of Ripon Cathedral, constructed of sandstone, are in a fair state of preserve 
ation. Rivaulx Abbey is another good example of an ancient sandstone building in a 
fair condition. The Norman keep of Richmond Castle in Yorkshire affords an instance 
of a moderately hard sandstone which has well resisted decomposition. 

1 65 1 . As examples of sandstone buildings of more recent date in a good state of preserve 
ation, we may mention Hardwicke Hall, Haddon Hall, and all the b uilding s of Craig- 
leith Stone in Edinburgh and its vicinity. Of sandstone edifices in an advanced state of 
decomposition we may enumerate Durham Cathedral, the churches at Newcastle upon 
Tyne, Carlisle Cathedral, Kirkstall Abbey, and Fountains Abbey. The sandstone churches 
of Derby are also extremely decomposed ; and the church of St. Peter at Shaftesbury is in 
such a state of decay that some portions of the building are only prevented from falling by 
means of iron ties. 

1 652. As an example of an edifice constructed of a calciferous variety of sandstone, we 
may notice Tisbury Church, which is in unequal condition, the mouldings and other enrich- 
ments being in a perfect state, whilst the asUer, apparently selected with less care, is frst 
mouldering away. 

1653. “ The choir of Southwell Church, of the twelfth century, may be mentioned as 
affording an instance of the durability of a magnesio-calciferous sandstone, resembling that 
of Mansfield, after long exposure to the influences of the atmosphere. 

1654. “ Of buildings constructed of magnesian limestone we may mention the Norman 
portions of Southwell Church, built of stone similar to that of Bolsover Moor, and which are 
throughout in a perfect state, the mouldings and carved enrichments being as sharp as 
when first executed. The keep of Koningsburgh Castle, built of a magnesian limestone 
from the vicinity, is also in a perfect state, although the joints of the masonry are open in 
consequence of the decomposition and disappearance of the mortar formerly within them. 
The church at Hemmingborough, of the fifteenth century, constructed of a material re- 
sembling the stone from Huddlestone, does not exhibit any appearance of decay. Tickhill 
Church, of the fifteenth century, built of a similar material, is in a fair state of preservation. 
Huddlestone Hall, of the sixteenth century, constructed of the stone of the immediate 
vicinity, is also in good condition. Roche Abbey, of the thirteenth century, in which 
stone from the immediate neighbourhood has been employed, exhibits generally a fair state 
of preservation, although some portions have yielded to the effects of the atmosphere. 

1655. ** As examples of magnesian limestone buildings in a more advanced state of 
decay, we may notice the churches at York, and a large portion of the Minster, Howden 
Church, Doncaster Old Church, and others in that part of the country, many of which are 
so much decomposed that the mouldings, carvings, and other architectural decorations are 
often entirely effaced. 

1 656. We may here remark, that, as far as our observations extend, in proportion as the 
stone employed in magnesian limestone buildings is crystalline, so does it appear to have 
resisted the decomposing effects of the atmosphere ; a conclusion in accordance with the 
opinion of Professor Daniell, who has stated to us that from the results of experiments, 
he is of opinion < the nearer the magnesian limestones approach to equivalent proportions 
of carbonate of lime and carbonate of magnesia, the more crystalline and better they are in 
every respect.* 

1 657. “ Of buildings constructed of oolitic and other limestones, we may notice the church 
of Byland Abbey, of the twelfth century, especially the west front, built of stone from the 
immediate vicinity, as being in an almost perfect state of preservation. Sandysfoot Castle, 
near Weymouth, constructed of Portland oolite in the time of Henry VIII., is an example 
of that material in excellent condition ; a few decomposed stones us^ in the interior (and 
which are exceptions to this feet) being from another oolite in the immediate vicinity of 
the castle. Bow and Amw Castle, and the neighbouring ruins of a church of the four- 
teenth century, in the Island of Portland, also afford instances of the Portland oolite in 
perfect condition. The new church in the island, built in 1 766, of the variety of the Port- 
land stone termed roach, is in an excellent state throughout, even to the preservation of the 
marks of the chisel. 

1658. “ Many buildings constructed of a material similar to the oolite of Ancaster, 
such as Newark and Grantham Churches, and otl^r edifices in various parts of Lincoln- 
shire, have scarcely yielded to the efi^ts of atmospheric influences. Windrush Church, 
built of an oolite from the neighbouring quarry, is in excellent condition, whilst the Abbey 
Church of Bath, constructed of the oolite in the vicinity of that city, has suffered much 
from decomposition ; as is also the case with the cathedral, and the churches of St. Nicholas 
and St. Michael in Gloucester, erected of a stone from the oolitic rocks of the neighbour- 
hood. 

1659. “ The churches of Stamford, Ketton, Colley Weston, Kettering, and other places 
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in that part of the country, attest the durability of the Shelley oolite, termed Bamack Rag, 
with the exception of tht^e portions of some of them for which the stone has been ill- 
selected. The excellent condition of those parts which remain of Glastonbury Abbey show 
the value of a shelly limestone similar to that of Doulting, whilst the stone employed in 
Wells Cathedral, apparently of the same kind, and not selected with equal care, is in parts 
decomposed. The mansion, the church, and the remains of the abbey at Montacute, as 
also many other buildings in that vicinity, constructed of the limestone of Ham Hill, are 
in excellent condition. In Salisbury Cathedral, built of stone from Chilmark, we have 
evidence of the general durability of a siliciferous limestone ; for, although the west front 
has somewhat yielded to the effects of the atmosphere, the excellent condition of the build- 
ing generally is most striking. 

1660. “ In the public buildings of Oxford, we have a marked instance both of decom- 
position and durability in the materials employed ; for whilst a shelly oolite, similar to that 
of Taynton, which is employed in the more ancient parts of the cathedral, in Merton 
College Chapel, &c., and commonly for the plinths, string-courses, and exposed portions of 
the other edifices in that city, is generally in a good state of preservation, a calcareous stone 
from Heddington, employed in nearly the whole of the colleges, churches, and other public 
buildings, is in such a deplorable state of decay, as in some instances to have caused 
all traces of architectural decoration to disappear, and the ashler itself to be in many places 
deeply disintegrated. 

1661. “In SpofForth Castle we have a striking example of the unequal decomposition 
of two materials, a magnesian limestone and a sandstone; the former employed in the 
decorated parts, and the latter for the ashler or plain facing of the walls. Although the 
magnesian limestone has been equally exposed with the sandstone to the decomposing 
effects of the atmosphere, it has remained as perfect in form as when first employed, while 
the sandstone has suffered considerably from the effects of decomposition. 

1662. “ In Chepstow Castle, a magnesian limestone in fine preservation, and a red sand- 
stone in an advanced state of decomposition, may be observed, both having been exposed to 
the same conditions as parts of the same archways ; and in Bristol Cathedral there is a 
curious instance of the effects arising from the intermixture of very different materials, 
a yellow limestone and a red sandstone, which have been indiscriminately employed both 
for the plain and decorated parts of the buUding ; not only is the appearance in this case 
unsightly, but the architectural effect of the edifice is also much impaired by the unequal 
decomposition of the two materials, the limestone having suffered much less from decay 
than the sandstone. 

1663. “ Judging, therefore from the evidence afforded by buildings of various dates, 
there would appear to be many varieties of sandstone and limestone employed for building 
purposes which successfiilly resist the destructive efifects of atmospheric influences ; 
amongst these the sandstones of Stenton, Whitby, Tintern, Rivaulx, and Cragleith, the 
magnesio-calciferous sandstones of Mansfield, the calciferous sandstone of Tisbury, the 
crystalline magnesian limestones, or Dolomites of Bolsover, Huddlestone and Roche Abbey, 
the oolites of Byland, Portland, and Ancastcr, the Shelly oolites and limestones of Barnack 
and Ham Hill, and the siliciferous limestone of Chilmark appear to be amongst the most 
durable. To these, which may all be considered as desirable building materials, we are inclined 
to add the sandstones of Harley Dale, Humble, Longannet, and Crowbank, the magnesian 
limestones of Robin Hood’s Well, and the oolite of Ketton, although some of them may 
not have the evidence of ancient buildings in their favour.” The Report upon which we 
have drawn so largely, and from which we shall extract still larger drafts, then proceeds to 
close by a preference to limestones on account “ of their more general uniformity of tint, 
their comparatively homogeneous structure, and the facility and economy of their con- 
version to building purposes,” of which it prefers the crystalline ; on which account, and its 
combination with a close approach to the equivalent proportions of carbonate of lime and 
carbonate of magnesia, for uniformity in structure, facility and economy in conversion, and 
for advantage of colour, the parties to the Report prefer the magnesian limestone or 
dolomite of Bolsover Moor and its neighbourhood. The Report deserves every commend- 
ation. Tbere are points which, were we disposed to cavil, might furnish matter for it, but 
upon the whole it has been well done, and is the firet scientific step the government of this 
country has ever taken in respect of practical architecture. 

1 664. The following table presents a synoptical, and, to the architect, important view of 
the relative value, in every respect, of the principal species of stone which the various pro- 
vinces of England afford for building purposes, and is condensed from the Report so much 
at length above quoted. 
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SANDSTONES. 


Name of 
Quan?, and 
where situated. 


Abercarnb 
and New- 
bridge, near; 
Newport, 
Monmoutfa- 
shire 


Ball Cross 


Barbadoes, 

Tintem, 

Monmouth- 

shire. 


BiNNiE, Up- Earl of Bu- 
hall, and inj chanan. ' 
Linlithgow- 
shire. 


Prcnprietor of 
Quarry. 


SirB. Hall 
Bart. 


Quartz and si- 
liceous grains, 
moderately 
fine, with ar-| 
gilio-sillceous 
cement ; mi- 
caceous, and 
with remains 
of fossU plants 

Siliceous grains 
with argiUo-‘ 
siliceous ce- 
ment ; occa- 
sionally mica- 
ceous, ferru-| 
gmous. 


Duke of 
Beaufort 


Bolton’s 

Quarry, 

Aislaby, 

Yorksnire. 


Messrs. El- 

£ 'e and| 

awson. 
as execu- 
tors of the I 
late Mr. 
Noble, of! 
York, 


Bramley 
Fall (Old^ 
Quanj), 
near Leeds, 
Yorkshire. 


Cslyerlby, 

Tunbridge 

Wells,Kent. 


Earl of Car- 
digan. 


John Ward 
Esq., Hoi. 
wo^ 
Park, 
Bromley, 
Kent. 


Dark 

bluish 

grey. 


Fine and coarse 
quartz, and 
other siliceous 
grains, with 
argillo-sili- 
ceous cement, 
ferruginous 
spots, and| 
plates of mica. 

Fine quartz! 
grains, with 
argillo-sili- 
ceous cement, 
micaceous, 
chiefly 
planes of beds. 


Ferrugi- 

nous 

brown 

striped, 

and 

zoned tn| 

deeper 

tints. 

Light 

greyish 

brown. 


Brownish 

grey. 


Moderately fine 
siliceous 
grains, with 
argiUo-sili- 
ceous cement,] 
plates of mica, 
and spots of} 
carbon disse- 
minated. 


Quartz grains] 
(often coarse),! 
and decom- 
posed felspar, 
with argillo- 
siliceous ce-l 
ment. Micaj 
rare. Small 
ferruginous 
spots dissemi- 
nated. 

Fine siliceous 
grains, with a| 
slightly cal 
careous ce-| 
ment. 


Warm 

light 

brown. 


Light 

ferru- 

ginous 

brown. 


Varie- 

gated 

browns. 


Weight of a 
Cubic Foot m lU 
ordinary State. 

Weight of 
Block, and 
the Thickness 
procurable. 

Price 

per Cubic Foot 
at the Quarry. 

Price per Cubic 
Foot, delivered 
in London. 

Where used. 

lb. oz. 



s. d. 


167 15 

1 to 10 
tons, in 
thick- 
nesses 
of 5 feet. 

4|d., or 
5z. per 
ton 

1 5 

Old churches 
and modern 
buildings in 
vicinity ; new 
Docks at New- 
port and Car- 
diff. 

- - 

- - 

- - 

- - 

At Cbatsworth 
and BakewelL 

146 12 

1 to 10 
tons, 
thickest 
bedlOto 
12 ft. 

lOd. to 
Is. 

- - 

Tintem Abbey. 

140 1 

Bands 14 


2 9 

New club-house 


to 19 ft. 

2s. for 


in Prince’s 


thick (3 
in num- 
l)er). 

largest 

blocks. 

3 9 

Street, Edin- 
burgh, and 

numerous pri- 
vate houses 
there and in 
Glasgow. 

126 11 

100 ft. 

lOrf. to 

1 9 

Whitby Abbey, 


cube ; 
top beds 
for 

house 
build- 
ing, 
bottom 
beds for 
docks. 
Beds 3 
to 8 ft. 
thick. 

Is. 

to 

2 1 

New Univer- 
sity Library at 
Cambridge, 
Scarborough 
and Bridling- 
ton Piers, 

Sheerness and 
St. Katha- 

rine’s Docks, 
&c. 

142 3 

Up to 18 
tons. 



In numerous 

bridges, 
waterworks, 

&c. 

ns 1 

70 or 8( 

id, tc 

1 2 

Upper part of 


ft., anc 

Sd. 


new church at 


upward, 
to 500 
Beds tc 
3ift 


1 4 

Tunbridge 
Wells ; Ca- 
tholic Chapel, 
the Calverley 
Hotel, new 
Market 

House, and 
Victoria Na- 
tional School, 
and about lOO 
houses, &c., at 
Tunbridge 
Wells and its 
j vicinit'T. 
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Name of 
QuarrT, and 
irfiae sttiated4 

proprtetior cf 
Qaanj. 

Component Farts 
{rf^Stooe. 

Colour. 

Weieht<ifft 
Cubic Foot in its 
ordinary State. 

pfflji. 

C3 

Price 

per Cubic Foot 
at the Quarry. 

Price pet Cubic 
Foot, delivered 
in tendon. 

Whore used. 





lb. oz 



s. d. 


Craiglbith, 
Craigleith 
Hill, near 
Edinburgh. 

W.R. Ram- 
say, Esq. 
of Barn- 
ton. 

Fine quarts 

grains, with a 
siliceous ce- 
ment, slightlj 
calcareous, oc- 
casional plates 
of mica. 

Whitish 

grey. 

145 1^ 

Any prac. 
dfcahle 
length 
and 

breadth, 
from ( 
in. to 1( 
ft. thick. 

9d. to 
2s. 6d. 
accord- 
ing to 
quality 

1 I0| 
to 

3 n 

Used exten- 

sively in public 
buildings in 
Edinburgh ; 
the College 
(1580), Regis- 
try (1774), 

courts of law. 
Custom 

House, Royal 
Exchange, 
National Mo- 
nument, and 
numerous 
churches, and 
now using for 
repairs at 

Blackfriars 
Bridge. 

Crawbank, 

Borrow- 

stones, 

Linlithgow- 

shire. 

Duke of Ha. 
miltoQ. 

Fine quartzose 
grains, with 
an argillo-si- 
liceous ce- 

ment, some- 
what ferru- 
ginous ; disse- 
minated mica. 

Light fer- 
ruginous 
brown. 

129 2 

5 a. thick, 
6 ft. 
broad ; 
10ft 
long. 

Is. for 
blocks 
of not 
more 
than 5 
cubic 
ft. 

2 2 

A Roman bridge 
(A. D. 140.), 
old church of 
Kinneil, of the 
twelfth cen- 
tury. 

Duffielo 
Bank, Duf- 
field, Derby, 
shire. 

Mrs. Stra- 
tban. 

Quartz grains of 
moderate size, 
and decom- 
posed felspar, 
with an ar- 
giUo-siliceous 
cement, ferru- 
ginous spots, 
and occasion- 
ally plates of 
mica. 

Light 

brown 

with 

dark 

brown 

and 

purplish 

tints. 

132 14 

150 ft. ; 
thickest 
beds 
about 
4ft.; 
half the 
depth 
brown, 
half 
white. 

Is. Id. 
the 
white 
stone, 
9d. the 
brown 
stone. 


St. Mary’s 
Bridge, Re- 
porter Office, 
Mechanics’ 
Lecture Hall, 
and Bishop 
Rvder’s 

Church now 
building 
(Derby) ; also 
Duffield 

Bridge and 
chimney 
shafts to 

Grammar 
School, Bir- 
mingham. 

DUKE’sQtlAR- 
RIES, Holt 
Stanwell 
Bridge, 
Dei^sbire. 

Duke of 

Deron- 
shire. 

Quartz grains, 
generally 
coarse, with 
decomposed 
felspar, and an 
argillo-sili- 
ceoos c^ent ; 
ferruginous 
spots. 

Red, va- 
ri^ 
with 
green, 
brown, 
and 
grey. 

144 S 


7d. 

2 8 

Penitentiary at 
Millbank, and 
the filling in 
parts of Wa- 
terloo Bridge, 
London. 

Elland Eugb, 
near Hali- 
fax, York- 
shire. 


Fine quartz 

grains, with 
an argiUo-sili- 
ceous cement, 
micaceous in 
planes of beds. 

light grey 
brown. 

1^ 4 





Gathsblbt 
Moor, near 
Richmond, 
Yorkshire. 

John War- 
ton, Esq. 
Gis- 

borough. 

Quartz grains of 
moderate size, 
and an argilio- 
siliceous ce- 
ment ; ferru- 
ginous spots 
and plates of 
mica. 

Cream. 

135 13 

1 to 3 tons, 
a bed 12 
ft. deep. 

8d. for 
the 12 
ft. bed. 

S 1 

Aste Hall near 
Richmond, 
and Caterick 
bridges over 
the Swale ; 
Purse Bridge 
over the 

Tees ; Skelton 
Castle, Dar- 
lington Town 
Hail, Lock- 
bum Hall, 

and numerous 
modem build- 
ings. 
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SAND STONE S — continued. 






s . 



la's . 








Pi. s 



Quarrrt and 
wbere situated. 

PrcmrietoT rf 
Qaaxry. 

Component Parta 
of SUme. 

Colour. 

gt 

W 8 


IIS 

a. 3 e 

Price per 
Foot, del: 
in Lon( 

Where used. 





lb. oz 


s. d. 

s. d. 


Gatton, Gat- 

Lord Mon- 

Fine siliceous 

Greenish 

103 1 

35 to 60 ft 

1 4 

- - 

Hampton Court 

toD» Surrey 

son. 

grains, with a 

light 


cube. 

to 


and Windsor 


calcareo-si- 

brown. 


from 

1 6 


Castle, &c. ; 



liceous ce- 



4 to 10 



many 



ment, contain- 



fr long. 



churches in 



ing green sill- 





Surrey ; Town 



cate of iron 






Hall and 



and plates ol 






Almshouse 



mica. 






Establishment 
at Croydon ; 
and seyeral 









modem build- 
ings in the pa- 
rish of Gatton. 

Glahmis, 

Earl of 

Siliceous grains 

Purple 

161 2 

Any prac- 

0 7 

about 

Glammis Castle 

Forfarshire. 

Strath- 

of moderate 

grey. 


ticable 

to 

19s. 

and Inver- 


more’s 

size ; cement 


size ; 

1 0 

per 

quharity 

Castle, sup- 


trustees. 

slightly cal- 



thickest 


ton. 



careous ; mica 



bed 6 ft. 



posed of the- 



abundant in 






tenth century 



planes of beds. 






Cortacby | 

Castle ; andi 
in modem- 

buildings ; 1 









Lendertis i 

House, &c. i 

Heddon, near 

Mrs. Be- 

Coarse quartz 

Light 

130 n 

Beds 4 to 

0 6 

1 8 

Church at Hed-j 

Newcastle, 

wick, near 

grains, and de- 

brown 


12 ft. 

to 

to 

don, steeple,' 

Nortbumo 

berland. 

Newcastle 

t^n 

Tyne. 

composed fel- 
spar, with an 
argillo-sUi- 
ceous cement, 
ferruginous 
spots. 

ochre. 


thick. 

0 10 

2 0 

1764 ; Norman 
chancel ; co- 
lumns of por- 
tico to theatre, 
and Grey Mo. 
nument at 

Newcastle ; 
and nearly all 
the buildings, 
ancient and 
modem, in 

and about 

Newcastle. 









Hollimoton, 

Sir J. Gib- 

Quartz grains of 

Light 

133 1 

30 to 40 ft. 

0 7 

2 6 

Trentham Hall, 

Stafford- 

bons, 

moderate size. 

brown- 


squaTip, 

to 


Drayton Ma- 

shire. 

Bart., near 

with an argil- 

isb grey. 


and 8 ft. 

I 0 


nor. Heath- 


Staines, 

lo-siiiceousce- 


thick. 



house, and 


Middle- 

ment ; plates 






various public 


sex. 

of mica. 






and private 
buildings in 









Staffordshire ; 
Town Hail, 









Derby ; Mear 
Hall, Che- 
shire, &c. 

Humbie, 

Earl of 

Fine quartz 

Pale grey 

White 

90 cubic 

1 0 

2 6 

Newliston 

Humble, 

Hope- 

grains, with 

and 

140 3 

ft. and 

to 

to 

House, Kirk- 

Linlithgow- 

toun. 

siliceous ce- 

light 

grey 

up- 

1 10 

3 2 

listen; Dun- 

shire. 


ment ; slightly 

brown. 

135 13 

wards, 



das Castle ; 



calcareous : 



if re- 



additions to 



mica chiefly iu 



quired ; 



the Ro 3 ral In- 



planes of b^. 



thickest 



stitutioh; front 





bed 8 ft. 



of Surgeons’ 
Hall, spire off 
Tron Church, 











and various 
other public 
buildings in 
Edinburgh ; 
also in Gl^- 
gow. 

Long ANNEX, 

Trustees of 

Fine quartz 

grains, with 

Light fer- 

131 11 

4 to 5 tons; 

0 8 

1 8 

Staadt House, 

near Kin- 

late Lord 



thickest 

to 

to 

Amsterdam ; 

cardine, in 

Keith. 

siliceous ce- 

ous 


beds 5 ft. 

2 6 

3 6 

Exchange, 

Perthshire. 


ment, contain- 

brown. 





Edinburgh ; 



ing oxide of 






Tulle Mare 



iron ; a few 






Castle, Perth- 



plates of mica. 






shire; and part 
of a street in 









Perth. 
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SANDSTONES — 


Name of 
Quarr;, and 
vGere situated 


Munlocht, in 
RoBS-shire. 


Mylnefield, 
or Ringoo* 
DIE, near 
Dundee, in 
Perthshire. 


Park Spring, 
near Leeds, 
Yorkshire. 


Fensher, near] 
Houghton- 
ie> Spring, 
Durham. 


Pyotdykks, 
near Dun- 
dee, Forfar- 
shire. 


SCOTQATB 
Head, Hud- 
dersfield, 
Yorkshire. 


Stanclipf, or] 
Darlkt 
Dale, neai 
Bakewell, 
Derbyshire. 


Stenton, near! 
Barnard 
Castle, Dur-' 
ham. 


Component Parts 



a . 


Colour. 



3*i> e 

^1^1 


U e 



JohnMathe-lFine siliceous] 
son. Esq., grains, withanj 
of Ben- argillo-sili- 
netsfield. j ceous cement ;l 
micaceous. 


James 

Mylne, 

Esq. 


Earl of Car-j 
digan. 


Marquess ofj 
London- 
derry. 


Alexander 
Clayhills, 
Esq., In-| 
nergow- 
rie. 


The free- 
holders of] 
Onley. 


A.H.Heath- 
cote. Esq.,' 
Black- 
well. 


Duke 

Cleve- 

land. 


Fine siliceous 
grains, with a 
calcareo-argU- 
lo-siticeous 
cement ; mica, 
ceous in planes] 
of beds. 


Fine quartz 
grains, and de- 
composed fel- 
spar, with an 
argillo-sUi- 
ceous cement ; 
mica chiefly in 
planes of beds 

Coarse quartz] 
grains, with 
an argillo-sili- 
ceous cement ; 
plates of mica. 


variega- 
ted. 


Purplish 

grey. 


Light fer- 
rugin- 
ous 

brown. 


Pale 

whitish 

brown. 


Siliceous grains'Purplish 
of moderate! grey, 
size, with a 
calcareo-argil-i 
lo-siliceous 
cement j mica- 
ceous. 


Quartz grains, 
of m<^erate 
size, with an 
argillo-sili- 
ceous cement 
mica in planes^ 
of beds, and] 
occasional 
specks of car-1 
bon. 


Light 
greenish] 
grey. 


Quartz grains ol 
moderate size,| 
and decom- 
posed felspar, 
with an argil 
lo-siliceous 
cement, ferru-] 
ginous spots, 
and plates oft 
mica. 

)f)Fine quartz! 
grains, and de- 
composed fel- 
spar, with an 
argiilo-sili. 
ceous cement,! 
ferruginous 
specks, and 
some plates ofj 
mica. 


•f| Light fer- 
rugin- 
ous 

brown. 


lb. oz. I 

160 9, Of large 
size ; 
beds 24 
to 6 ft. 
thick. 


160 o' 


Any prac- 
ticable 
size. 


10 to 12 ft. 
long; 
thickest 
bed 2 fr. 
4 In. 


Any prac- 
ticable 
size ; 
thickest 
bed 20| 
ft. 


162 8 [Thickest 
bed 3 to] 
4 ft. 


Thickest 
bed 3 ft. 
6in. 


148 3] 


Fernigin-’l42 8j 
ous light! 
brown, i 


Of very| 
large 
size. 


15 to 20 ft.] 
long, 2I 
ft. to 8 
ft. 

thick- 

ness. 


It 

£ s « 


0 5 

to 

0 5i 


0 9 
to 

1 5 


0 7 




0 10 

to 

1 2 


0 


2*3 , 


b-sc 

•c O-S 
PhBe. 

Where used. 

s. d. 



Cathedral 
Church of 

Ross at Fort- 
rose, A.D. 1124; 
Inverness Old 
Bridge, Crom- 
well Court, 
&c. 

I 

Old steeple of 
Dundee, 1 2th 
century, well 
preserved ; 
Royal Asylum 
of Dundee, 

&c.; Bell Rock 
Lighthouse, 
Royal Asylum 
of Perth, Kin- 
fauns Castle, 
Castle Hunt- 
ley, &c. &c. 

2 H 

to 

2 5 

Commercial 
buildings at 
Leeds, from 
the old quarry, 
which IS of ex- 
actly similar 
stone to that 
of this quarry. 

1 7 

Pensher Cha- 
pel ; Scotch 
('hurch, Sun. 
derland; Sun- 
derland Pier, 
Seaham Har- 
hour, Victoria 
Bridge, on the 
Wear, &c. 

2 1 
to 

2 5 

Extensively for 
the works at 
Dundee Har- 
bour, &c. 

1 2 

York Castle ; 
Bath Hotel, at 
Huddersfield. 

3 3 

Abbey in Darley 
Dale;Stanchff 
Hall, Birming- 
ham ; Gram- 
mar School, 
Birmingham ; 
and Notting- 
ham Railway 
Station 

Houses. 

1 5 

The Round 

Keep of Bar- 
nard Castle , 
Joint Stock 
Bank, .md 

Market House, 
Barnard Cas- 
tle. 
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SANDSTONES — coniimted. 


Name of 
QaaExy, and 
VDore situated. 

Fnmrietor 

Quanj. 

Component Parts 
of Stone. 

Colour. 

iVeiffhtofa 

Cubic Foot in its 
ordmary State. 

PM 

pg 

£ s 

Iss 

Is 

.op. 

ais 

PI 

l|5 

0.6, 

Where used. 

Whitby Com- 
pany’s 
Aislaby, 
near Whit- 
by, York- 
shire. 

Mrs. Helen 
Nob^e, 
York. 

Siliceous grains 
of moderate 
size, with an 
argillo-sili- 
ceous cement ; 
^some plates ol 
mica and spots 
.of carbon dis- 
seminated. 

Light 

brown. 

« 

lb»oz. 

126 11 

123 2 

40 x 25 ft. 

s. d. 

0 10 

s. d. 

1 8 

Some parts of 
Whitby Ab- 
bey ; New Li- 
brary at Cam- 
bridge} Baths 
and Town 

Hall at Whit- 
by ; cemetery 
at Highgate ; 
Hungerford 
Market, &c. 

Whitby Com- 
pany’s Eg- 
TON Quar- 
ries, being 
Amcliff'e, 
Julian 

Parkf Prod-^ 
dams^ and 
LeaseRtege, 
near Wiit- 
by. 

Robert Cary 
Elwes, 
Esq., 

Great Bil- 
lings, 
North- 
ampton- 
shire. 

- 

Pale, to 
dark 
brown. 

• • * 

127 14 

AmcHffe, 

15x10x9 

Prod- 

dams, 

10x8x8 

Lease 

Rigge, 

10x6x5 

0 IIJ 

1 9i 

Grosmont Ab- 
bey and 

Bridge; Egton 
Bridge ; Lon- 
don and Bir- 
mingham 
Railway ; 
W’hitby and 
Pickering 
Railway. 

Whitby Com- 
pany’s 
Snbaton, 
near Whit- 
by. 

Charles 

Saimders, 

Esq., 

Sneaton 

Castle. 


- -W 

134 13 

24x9x3i 

1 1 

1 11 

Parts of Whitby 
Abbey, and a 
portion of the 
parapet of 

Blackfriars 
Bridge, ten- 
don. 

Whitby Com- 
pany’sNrw- 
TON Dale, 
near Whit- 
by. 

R. W. Skel- 
ton, Esq., 
near Pick 
ering. 


- - » 

131 n 

6 ft. by 4 
ft. and 
18 in. 

0 10 

1 8 

Lewisham 

Church. 


LIMESTONES, 


Name of 
Quarry, and 
where ntuated. 

Fztnrietor of 
Quaoy. 

Component Parts 
of Scone. 

Cotour. 

Weight of e 
Cubic Foot In its 
ordmary State. 

? ill 

Price 

per Cubic Foot 

St the Quarry. 

Price per Cubic 
Foot, delivered 

In London. 





lb. oz. 


s. d. 

s. d. 

Beer, near 
Axminster, 
Devonshire. 

Lord Rolle. 

Chiefly carbo- Light tint 
Date of Ume,' of 
friable, andi brown, 
with partial, 
indurations. | 

131 12 

6 to 7 ft. 
long,’ 3 
ft. wide, 
and 2 ft. 
thick. 



Chilmark, 
near Salis- 
bury, Wilt- 
shire. 

Earl of 

Pem- 
broke. 

Carbonate of 
lime, with a 
moderate pro- 
portion of sili- 
ca, and occa- 
sional grains 
of silicate of 
iron. 

Light 

green- 

ish 

brown. 

153 7 

10 cwt. to 
3 tons. 
Several 
beds ; 
thickest 
bed 

about 3 
ft. 

1 6 
to 

2 0 

4 10 
to 

5 4 

Hopton 
Wood, near 
Wirks- 
worth, Der- 
b^bire. 

Philip Gall, 
Esq., 
Hapton 
Hall, near 
Wirks- 
worth. 

Compact carbo- 
nate of lime, 
with encrinal 
fragments 
abundant. 

Warm 

light 

grey. 

158 7 

100 feet 
cube i 
beds 
vary in 
thick- 
ness 
from 3 
to 10 ft. 

3 0 
to 

4 0 

4 10 
to 

5 10 


^Tiereused. 


In the churches 
of the vicinity; 
St. Peter’s 
Church, Exe- 
ter, in ex- 
posed parts ; 
Colyton 
Church, Char- 
mouth, &e.&c. 

Salisbury Cathe- 
dral, Wilton 
Abbey, and 
many other 
ancient and 
modem build- 
ings in the vi- 
cinity. 

At Chatsworth, 

! Belvoir Castle, 
Trentham 
Hall, Drayton 
Manor, Bir- 
mingham 1 

Grammar | 

School, &a I 


* From my own experimeuts. 

H h 
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LIMESTONES — eomtinuai. 


Name of 

vnere aataatto. 


Compcnait Parts 
of StoBe. 


Mi 

<J s 

•g-gS^* 

€ 9^ 

l-s . 

Where used. 



'"51 

Is 

iP 

PM Get 





lb. oz. 


s. d. 

s. d. 


Sbacombb, 
near Corfe 
Castle, Dor- 
setshire. 

William 

John 

Bankes, 

Esq. 

Semi-compact 
carbonate oi 
lime, with 

fragments oi 
shells. 

Oght 

brown. 

151 C 

The larg- 
est 6 to 8 
ft., by 2 
to 3 ft. 
by 3 to 4 
ft. 

1 2i 

• 

1 9j 

Lighthouse at 
Margate ; the 
Clo<£house, 
Dover Pier ; 
prison at Win- 
chester ; at the 
West India 
Docks, forty 
Tears since ; 
lighthouse 
now building 
on the Isle of 
Wight, &c. 

SuTTW, near 
Bridgrad, 
Glamorg^- 
sfaire. 

The Crown, 
and 
others. 

Compact-carbo- 
nate of lime, 
highly crys- 
talkne. 

Very light 
cream. 

136 0 

6 tons, and 

thickest 
bed 12ft. 



Dnnraven Cas- 
tle, Ogmond 
Abbey, St.Do- 
nats Corty, 

Neath Abbey, 
and verv an- 
dent boudings 
in the adjoin- 
ing counties. 

Tottknhob, 
near Dim- 
stable, Bed- 
fordshire. 

James Jalj 
Wing. 

Calcareous and 
argillaceous 
matter iu 
about equal 
portions ; 
structure fine. 

Greenish 

white. 

116 8 

40 cubic 
ft. or up- 
wards ; 

5 to 6 ft. 
long. 

1 3 

2 5 

Dunstable Prio- 
ry Curch, Lu- 
ton, and many 
other churches 
in Bedford- 
shire and 
Hertfordshire; 
Woburn Ab- 
bey, Fontbill 
House, Asb- 
ridge^ he. 


MAGNESIAN LIMESTONES. 


Name of 
Qaarrf, and 
wGve litut^ 

Proprietor of 
QoaRr. 

Coroponent Parts 
of Stone. 

C<doar. 

a . 

-s® 

■gfc ? 

U O 

^*9 0 i 

9 e G — 

*t O.M-3 

f . u S 
aaj«^ 5 

?lp 

li 

£ 3 9 
"’U.a 

Price per Cublo 
Foot, delivered 

In London. 

Where used. 

Bolsovbr, 
near CHies- 
terfield, 
Derbyshire. 

Earl Bath, 
or^ 

Chiefly., carbo- 
nate of lime 
and carbonate 

of m^^nesia ; 

semi.« 7 ital- 

Une. 

Light yel- 
lowish 
brown. 

lb. os. 

151 11 

.56ft. cube, 
in beds 
from 8 
in. to 3 
ft.thick. 

s. a. 

0 10 

s. d. 

2 0 

Southwell 
Church, and 
nnmerous 
buildings in 
the vicinity. 

BsimswoBTH, 
near Don- 
caster, 
Tt^kshire. 

Lord Ben. 
dlesham. 

Chiefly carbo. 
nate of lime 
and carbonate 
of magnesia, 
with sub-ooli- 

tic grains ; fri- 
able. 

Light 

brown 

tint. 

133 10 

Thickest 
bed 3 ft. 

6iii. 


* " 

Doncaster Old 
Church and 
Mansion- 
house, Brock- 
lesbyHa^&c. 

Caimobt, near 
DimcMter, 
TiwkAire. 

Sir Joseph 
Copley, 
Bart 

Chiefly carbo- 
nate of lime 
and carbon^ 

of magnesia, 
with sob-ooli- 

tic and irr^u- 
iarly formed 
ool^ grains ; 
fria^. 

Crrem. 

1 

126 9 

Central 
beds 
(the 
best) 4 
ft.tbfok. 


1 10 

i>ay and Mar- 
k’s, in High 
Holbom ; 
almshouses at 
Edgware, &c. 
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MAGNESIAN LIMESTONES— nmliimeil. 


Name of 
Quarry, and 
wbere situated. 

Prrorietor of 
Quarry. 

Component Farts 
of Stone. 

C(rfour. 

Weight of a 
Cubic Foot in iti 
ordinary State. 

Weight of 
Block, and 
the Thickness 
procurable. 

Price 

per Cubic Foot 
at the Quarry. 

Price per Cubic 
Foot, delivered 
in Londoa. 

Where used. 

Huddle- 
stone, near 
Sherburne, 
Yorkshire. 

OUrer Gas- 
coigne, 
Esq., near 
Abber- 
ford. 

Chiefly carbo- 
nate of lime 
and carbonate 
of magnesia, 
semi - crystal- 
line. 

Whitish 

cream. 

lb. oz. 

137 13 

50 to 250 
cubic ft. 
Beds 
have 
been 
met 

with 4ft. 
thick. 

s. d. 

2 0 

8. d. 

3 0 

York Minster, 
Selby Cathe- 
dral, Huddle- 
stone Hall, 

Sherburne 
Church, West- 
minster Hall, 
Galeforth 
Hall,&c 

Jackdaw 
Craig, near 
Tadcaster, 
Yorkshire. 

Sir Edward 
Vavasour, 
Bart. 

Chiefly carbon- 
ate of lime and 
carbonate of 
magnesia. 

Dark 

cream. 


Beds irre- 
gular, 
from a 
few in- 
ches to 
3 feet. 



York Minster, 
and probably 
most of the 
churches in 
York ; also for 
the late restor- 
ations of York 
Minster. 

Roche Abbey, 
nearBawtry, 
Yorkshire. 

Earl of Scar- 
borough. 

Chiefly carbon- 
ate of lime and 
carbonate of 
magnesia,with 
occasional den- 
dntic spots of 
iron or man- 
ganese. semi- 
crystalline. 

W'hitish 

cream. 

m 2 

8 or 10 
tons, 
thickest 
bed will 
work 2ft. 
6in. 

0 8 
to 

1 6 

2 n 

2 111 

Roche Abbey 
Church, Tick- 
hill Castle, and 
Church and 
Bridge, Sand- 
beck Hall, 

SelbyHall,two 
churches at 
Retford, Baw- 
try Church, 
and numerous 
churches in 
Yorkshire and 
Lincolnshire. 

SuAwsB, near 
Tadcaster, 
Yorkshire. 

ThoraasPer- 
rott, Esq. 

Chiefly carbon- 
ate of lime and 
carbonate of 
maraesia, 
slightly crys- 
talline. 

Light yel- 
lowish 
brown. 

127 8 

Largest 

obtainec 

8-0x30 

X30. 

0 7 

2 11 

HullOldChurch, 
RiponMiuster, 
St. Mary’s 

Church and 
the minster at 
Beverley, the 
minster and se- 
yeral churches 
at York, and a 
new church at 
Appleby, in 
Lincolnshire. 


OOLITIC STONES. 


Name of 
Quarry, and 
where ataated. 

Ptrorietor of 
Quarry. 

Componem Farts 
of Stone. 

Colour. 

8 . 

^ e § 

'tiZS 

o o e 

V o 

o'sil 

StvS 

>« *s. 

Price 

per Cubic Foot 
at the Quarry. 

Price per Cubic 
Foot, delivered 

In London. 

Where used. 





lb. oz. 


j. d. 

s . d. 


Ancasteb, 
near Slea- 
ford, Lin- 
colnshire. 

Mrs. Myers, 
Grantnam. 

Fine oolitic 

grains, ce- 
mented by 

compact, and 
often crystal- 
line, carbonate 
of lime. 

Cream. 

139 4 

3 to 5 tons, 
beds, 18 
inches. 

0 9 
to 

1 5 

2 7 

WoUaton Hall, 
Belvoir Castle, 
Belton House, 
and numerous 
mansions and 
churches in 
Lincolnshire. 

Barnack 
Mill, near 
Stamford, 
Northamp- 
tonshire. 

Mr. John 
Martin, 
UflTord, 
nearStam- 
ford. 

Carbonate ol 
lime, compact 
and oolitic, 

with shells, 
often in frag- 
ments, coarsely 
laminated in 
planes of beds 

Light 

whitish 

brown. 

136 12 

Up to 3C 
ft., beds, 
9 to 18 
in. 

1 0 

2 3 

Burleigh House, 
Peterborough 
Cathedral, 
Croyland Ab- 
bey, and the 
greater pro- 
portion of 

churches in 
Lincolnshire 
and Cam- 

bridgeshire. 


Hh 2 
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Name<^ 
Qaaxry, and 
vtere situated. 

Frc^etor of 
©Barij. 

Component Parts 
of Stone. 

Colour. 

Weight of a 
Cubic Foot in iu 
ordinary State. 

Weight of 
Block, and 
the Thickness 
procurable. 

Price 

per Cubic Foot 
at the Quarry. 

Price per Cubic 
Foot, delivered 
in London. 

Where used. 





lb. oz 


s. d. 

s. d. 


Bath Lodge 
HiLL.Comb€ 
Dowd, near 
Bath, So. 
mersetshire 

W. V. Jen 
kins, Esq. 
Combe 
Grove 
House, 
Bath. 

Chiefly carbon 
ate of lime, id 
oolitic grains. 

Cream. 

116 OC 

12 to 96 ft 
cube. 
Thick, 
est bed 
4ift. 

0 6 


Restoration of 
Henry VII. ’s 
chapel, twenty 
years since. 
Kennet and 
Avon Canal, 
and other 

works. 

Bath Bayn- 
TON Quarry 
Box, near 
Chippenham. 

Thomas 
Strong, o 
Box, near 
Chippen- 
ham. 

Chiefly carbon- 
ate of lime, in 
moderatelyfine 
oolitic grains 
withfragmenti 
of shells (wea- 
ther bed). 

Cream. 

123 00 

Up to 10 
tons. 
Thick- 
est bed, 
5ft. 

0 7 

1 11 

L^cock Abbey, 
Longleat, Bo- 
wood, south 
front of WMl- 
ton House, 

Windsor , Cas- 
tle, &c. 

Bath 
( Drbwe’s 
Quarry), 
Monkton 
Farleigh, 
near mth. 

Wade 

Brown, 

Esq., 

Monkton 

Farleigh. 

Chiefly carbon- 
ate of lime, in 
oolitic grains 
of moderate 
sixe. 

Cream. 

122 10 

120 to 125 
ft. Se- 
veral 
beds,the 
deepest 
about 
4ft. 2iD. 
thick. 

0 6 

1 10 

Buckingham 

New Palace ; 
St. James’s 
Square, Bath. 

Cranmorb, 
near Doult. 
in^, Wilt- 
shire. 


Carbonate of 
lime, with a 
few oolitic 

grains, and an 
abundance of 
small shells, 
commonly in 
fragments, 
often crystal- 
line. 

Light 

brown. 

134 4 

Of large 
size. 

The 
thickest 
beds will 
work 

20 in. 

0 7 


Cathedral of 

Wells, Glas- 
tonbury Ab- 
bey, &c. 

Haydor, near 
Grantham, 
Lincoln- 
shire. 

John Archer 
Houblou, 
Esa., near 
Bisnop’s 
Stortford. 

Carbonate of 
Ume,with ooli- 
tic grainSjOften 
crystalline. 

Brownish 

cream. 

133 7 

14ft.x3ft. 

x4ft. 

0 8 

2 4 

Lincoln Cathe- 
dral, Boston 
Church, Gran- 
tham Church, 
Newark 

Church, and 
most of the 
churches in 
the neighbour- 
hood, and in 
the lower part 
of Lincoln- 
shire; Culver, 
thorpe House, 
Belvoir Castle, 
&c. 

Kbtton, in 
Rutland- 
shire, near 
Stamford. 

LordNorth- 

wick. 

Oolitic .grains of 
moderate size, 
slightly ce- 

mented by car- 
bonate of lime. 

Dark 

cream 

colour. 

128 5 

Up to 100 
ft., beds 
vary 
very 
much : 
one 3 ft, 
6in. 
thick, 
called 
rag. 

1 9 

3 4 

Cambridge, Bed- 
ford, Bury St. 
Edmund’s, 
Stamford, Lon- 
don, &c. ; 

many of the 
ancient and 
modern build- 
ings at Cam. 
bridge also in 
the modem 
works of Pe- 
terborough 
and Ely Ca- 
thedral, and at 
St. Dunstan’s 
New Church, 
in London. 

Portland 
(Trade 
Quarry), 
Island of 
Portland. 

yfessrs. Wes- 
ton. 

Oolitic carbon- 
ate of lime, 
with a few 
fragments of 
shells 

Whitish 

brown. 


Any prac- 
ticable 
size. 

1 H 

2 3 

Various public 
buildings in 
London. 
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OOLITIC STONfiS-^-con/inuftf. 


Name of 
Quarrv, and 
where situ^ed. 

ProprietOT of 
Q^xaiTj. 

Component Farts 
of Stone. 

Coloar. 

Weight of a 
Cubic root in itt 
ordinary State. 

Weight of 
Block, and 
the Thickneu 
procurable. 

price 

per Cubic Foot 
at the (luarry. 

Price per Cubic 
Foot, delivered 
in London. 

Where used. 

Portland 
(King Bar- 
row East 
End Qcar- 
RY)adjoiniDg 
Waycbopt, 
Island of 

Portland. 

Messrs. Wes- 
ton. 

Oolitic carbon- 
ate of lime, 
with a few 
fragments of 
shells. 

Whitish 

brown. 

lb. oz. 

Any prac- 
ticable 
size. 

s. d. 

1 4* 

s. d. 

2 3 

Various public 
buildings in 
London. 

Portland 
( Vern- 
Street 
Quarry), 
Island of 
Portland. 

Messrs.Wes- 

ton. 

Oolitic carbon- 
ate of lime, 
with a few 
fragments of 
shells. 

Whitish 

brown. 

134 10 
top 
b^. 

Any prac- 
tic^le 
size. 

1 n 

2 3 

Various public 
buildings in 
London. 

Portland 
(Castle’s 
Quarry), 
Island of 
Portland. 

Messw. Wes- 
ton. 

Oolitic carbon, 
ate of lime, 
with a few 
fragments of 
sh^s. 

Whitish 

brown. 


Any prac- 
ticable 
size. 

1 H 

2 3 

Various public 
buildings in 
London. 

Portland 
(Waychopt 
Quarries), 
Island of 
Portland. 

The Crown, 
on lease to 
Messrs. 
Stewards 
and Co. 

Oolitic carbon- 
ate of lime, 
with dissemi- 
nated frag- 
ments of 

shells. 

Whitish 

brown. 

135 8 
top 
bed. 

Any prac- 
ticable 
size. 

l 4 

2 3 

Goldsmiths’ 

Hall, Reform 
Club House, 
and other pub- 
lic buildings in 
London. 

Portland 

(Maggott 

Quarry). 

The Crown, 
on lease to 
Messrs. 
Stewards 
and Co. 

Oolitic carbon- 
ate of lime, 
with fragments 
of shells. 

Whitish 

brown. 


Any prac- 
ticable 
size. 

1 4i 

2 2 

Various public 
buildings in 
London. 

Portland 

(Gosling’s 

Quarry). 

Messrs. 
Stewards 
and Co. 

Oolitic carbon- 
ate of lime, 
with fragments 
of shells. 

Whitish 

brown. 

126 13 
Roach 

Any prac- 
ticable 
size. 

1 4* 

2 3 

Several public 
buildings in 
London. 

Portland 

(Grove 

Quarry 

Bowers). 

Messrs. 
Stewards 
and Co. 

Oolitic carbon- 
ate of lime, 
with numerous 
fragments of 
shells. 

Whitish 

brown. 

147 10 
best 
be^ 
145 9 
carf. 

Any prac- 
ticable 
size. 

• 4 

2 3 

St. Paul’s Ca- 
thedraLand se- 
veral churches 
in London, 

built during 
the reign of 
Queen Anne. 

Portland 

(Grove 

Quarry, 

RedChoft). 

Messrs. 
Stewards 
and Co. 

Oolitic carbon- 
ate of lime, 
with a few 
fragments of 
shells. 

Whitish 

brown. 

* 

Any prac- 
tic^le 
size. 

1 4J 

2 0 

St.Paul’s Cathe- 
dral, and many 
churches in 
London, of 

Queen Anne’s 
reign. 


Of the Portland 8tones, it is to be observed generally, that the dirt bed !s full of fossil roots, trunks, 
and branches of trees, in the position of their former growth. The top cap is a white, hard, and 
closely compacted limestone. The skull cap is irreg^r in texture, and is a well-compact^ 
limestone. The roach beds are always incorporated with the freestone beds, that invariably lie 
below them, and are full of cavities formed by the moulds of shells and the like. The top bed 
is the best stone, the bottom one ill cemented, and will not stand the weather. A middle or curf 
bed occurs only in t ■ « „• *>'. ■ li'.* • it is soft to the north, and hard to 

the south. Thegc .'•e.*... i if .cs is generally less in depth than in 

the same bed in the wj •: ■■ ! •. •; e.i* cl ■ is harder, more esp>ecially to the 

south of the island. The stone, even in the same quarries, varies considerably. That w’hich 
contains flints will not stand the weather. The bottom bed on the west cliff is not a durable 
stone, though sold as a good stone in the London market. The best stone is in the north- 
eastern part of the island ; the worst in the south-western part. The annual consumption of 
the whole of the quarries in the island is equal to an area of one acre of the good workable 
stone, or about 24,000 tons. The entire area unworked is about 2000 acres. There are 56 
quarries in the island, and about 240 quarrymen employed, of which number Messrs. Stewards 
employ usually about 138. 


Hh 3 
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OOLITIC STONES— 


Name of 
Quarrr, and 
wbm utuated. 

Proprietor 

Quany. 

Component Parts 
of Stone. 

Colour. 

a . 

5 si 

1^1 

Weight of 
Block, and 
le Tliickness 
procurable. 

Price 

er Cubic Foot 
t the Quarry. 

rice per Cubic 
oot, delivered 
in London. 

Where used. 





o ® 



PhU. 






lb. oz. 


s. d. 

s. d. 


Taynton, or 

Lord Dyne- 

Carbonate of 

Streaky 

135 15 

Any prac- 

0 10 

2 4 

Blenheim, Com- 


vor. 

lime, partly 

brown. 


ticable 

to 


bury Park, 

near Bur- 


oolitic and 



size. 

1 0 


Barrinrton 

ford, Oxon. 


friable, with 



Thick- 



Park, the in- 


very small 



est bed, 



tenor of St. 



fragments ol 



about 



Paul’s and 



shells, irregu- 



7 ft. 



many other 



larly lami- 






churches in 



nated. 






London and 
Oxford, and in 
variousbridges 
in Oxford- 

shire. 


Martin Sta- 

Compact car- 

Brown. 

141 11 

Beds va- 

_ _ 

_ 

West front and 

Thirsk, 

pleton, 

bonateof lime, 


soft. 

riable, 



a large propor- 
tion of Byland 

Yorkshire. 

Esq. 

with oolitic 


162 i 

about 




grains and an 
argillo - calca- 


hard. 

16 in. 



Abbey. 




reous cement ; 
carbon disse- 
minated. 







WlNDRUSH, 

Lord Shel- 

Fine ooUtic.Cream. 

118 2 5 to 40 ft. 

0 8 

2.7 

Windnish 

near Bur- 

bume. 

grains, with: 

soft. 

Thickest 



Church, Bar- 

ford, Glou. 


calcareous ce- 


135 15 

bed, 2ft 



rinrton House, 
and all the old 



meat, and a 
few fragments 


hard. 

6 in. 










buildings 



of shells. 






within many 
miles of the 









quarry. 


1665. The following very useful enumeration of the stones used in buildings of the 
island, arranged under that head, and divided into the sorts of stone employed in them, 
we add, verbatim^ from the Report which we have so much used. The heads are under 
Sandstone buildings, Limestone buildings, and Magnesian Limestone buildings 


SANDSTONE BUILDINGS. 

Bakewell, Derbyshire. The houses generally are of sandstone, and in fair condition. A 
new bank now erecting of sandstone from Bakewell Edge. 

Bakewell Church (14th century), of a sandstone of the vicinity, very much decomposed. 

Barnard Castle, Durham (14th century). Circular keep, apparently of Stenton stone, in 
excellent condition. In modern works, the Joint Stock Bank and Market-house of 
Stenton stone, in good condition. 

Belter New Church, Derbyshire. Built 10 years since, of sandstone from Hungerhill, 
in an incipient state (in parts) of decomposition. 

Blandford Parish Church, Dorsetshire (1769). Of a green siliceous fine-grained sand- 
stone, the dressings being of a stone similar to the Portland oolite ; the former much 
decomposed ; the latter in very good condition. Town Hall, about 80 years old, of 
stone similar to the Portland oolite, in good condition. 

Brancepeth Castle, Durham. Of ancient date, of sandstone of the vicinity; recently 
restored extensively ; older parts in various states of decomposition. 

Briavel’s, St., Castle, Glocestershire. In ruins (13th or 14th century). Entrance gate- 
way (the chief remains of the castle) built of red sandstone, decomposed. 

Bristol Cathedral (13th and 14th centuri^). Built of red sandstone and a yellow 
limestone (u^nesian?) strangely intermixed; the red sandstone in all cases decom- 
posed, the limestone more rarely d^ayed ; the tracery, Ac. of the windows, which are 
of the limestone, are in good condition ; but the pinnacles and other dressings, which 
are of the same material, are much decomposed. The east end of the cathedral is a 
remarkable instance of the decay and preservation of the two stones employed. Nor- 
man gateway, west of the cathedral (the upper part of the 1 5th century) ; the Norman 
archway and its enrichments, which are of a very florid character, built of yellow 
limestone (magnesian ?), in excellent condition. 

Byland Abbey (12th century). In part of a siliceous grit (principally in the interior), 
and in part (chiefly on the exterior) of a compact oolite, from the Wass quarries in the 




Chap. II. 


STONE. 


471 


• vicinity. The west front, which is of the oolite, is in perfect condition, even in the 
dog’s-teeth and other florid decorations of the doorways, &c. This building is covered 
generally with lichens. 

Carlisle. Ancient buildings: Cathedral (13th century), of red sandstone, in various 
states of decomposition. Modern building : Many of red sandstone, more or less in 
a state of decomposition. 

Castle Howard, Yorkshire. Built generally of a sUiceous fine-grained sandstone from 
the park ; generally in good condition, but in some parts, such as the parapets, cu- 
polas, and chimney shafts, much decomposed. The pilasters of the north front from 
a quarry at Appleton ; in good condition, except where subjected to alternations of 
wet and dry, as in the plinths, where there are signs of decomposition. The stables 
are of Appleton stone, and in good condition. 

Chatsworth House, Derbyshire. Original house built of Bell Crop sandstone from Bake- 
well Edge, not in very good condition, particularly in the lower parts of the building. 
In the recent additions the same stone is employed, together with that of Bailey 
Moor and Lindrop Hill. 

Chepstow Castle, Monmouthshire (11th and 12th centuries, with additions of the 14th 
century). Of mountain limestone and old red sandstone ; the former in good con- 
dition ; the latter decomposed. Dressings of doors, windows, archways, and quoins 
are for the most part of magnesian limestone, in perfect condition ; the remainder is 
of red sandstone, and is generally much decomposed. Chapel (of the 12th century) ; 
mouldings and carvings of the windows, &c., which are of magnesian limestone, are in 
perfect condition. 

CoxwoLD Church, Yorkshire (15th century). Generally of fine siliceous grit of the 
vicinity, and in part of a calcareous nature. Tower in good condition ; porch decom- 
posed ; lichens abundant on the north side. 

Derby. St. Peter’s Church (13th century), of the variegated coarse sandstone of the 
vicinity, similar to that of Little Eaton. The whole in bad condition ; but the red 
stones less so than the grey or white. St. Almund’s Church (of the 14th century), 
of a coarse sandstone of the vicinity, in a very decomposed state, to the obliteration 
of the mouldings and other details ; it has lately been scraped and painted, to pre- 
serve it from further destruction. All Saints Church (tower of the 15th century), 
of sandstone, similar to that of DufHeld Bank, partly in fair condition, and partly 
much decomposed, particularly the great western entrance. The body of the 
church, built 1 10 years since, of sandstone, in part decomposing. Modern buildings : 
Town Hall, of sandstone from Morley Moor, built a few years since, in very good 
condition. 

Durham Cathedral (11th and 12th centuries). Of a sandstone of the vicinity, elected 
indiscriminately, and in all stages of decomposition; few stones are quite perfect. 
Castle (of the 11 th century). Of similar stone, and in a similar state. 

Easby Abbey, Yorkshire (13th and 1 4th centuries). Of sandstone of the vicinity ; mould- 
ings and carvings decomposed and in part obliterated. Walls built very rudely, and 
in various states of decomposition ; some parts, however, maintain their original 
surface. 

Eccleston Abbey, Yorkshire (13th century). Of stone similar to that of the Stenton 
quarry. The mouldings and other decorations, such even as the dog’s-teeth enrich- 
ments, are in perfect condition. 

Edinburgh. Ancient buildings: Holyrood Chapel (12th century), of sandstone from 
the vicinity, in part much decomposed ; in other parts, such as the west door, almost 
perfect. The palace (built in the 1 6th and 17th centuries) of similar stone, generally 
in good condition, the older parts being slightly decomposed. The oldest part of the 
Tron Church (1641), of sandstone, much decomposed. A house on the Castle Hill 
(1591), of sandstone, only slightly decomposed. 

Modern buddings, wholly erected of sandstones from the Cragleith, Red Hall, Humbie, 
and Binnie quarries, for the most from the first-mentioned quarry. None 
of them exhibit any appearance of decomposition, with the exception of ferruginous 
stains, which are produced upon some stones. Among the oldest is the Registry 
OflBce, which is of Cragleith stone, and built above sixty years since ; it is in a perfect 
state. 

Fountain’s Abbey, Yorkshire (11th and 12th centuries, with additions of the 16th 
century). Of coarse sandstone of the vicinity, generally in bad condition, particularly 
the west front, which is much decomposed. The nave and transept, which are the 
earliest portions of the building, are the best preserved. 

Fountain’s Hall, Yorkshire (1677). Of sandstone of the vicinity, and magnesian lime- 
stone in the dressings. The whole in feir condition. 

Forest of Dean, Gloucestershire. Park End new church, built fifteen years since, of 
sandstone, similar to that of Colford. No appearance of decomposition. 

H h 4 
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Glasgow. Ancient buildings: High Church (12th century), sandstone of the vicinity, 
generally very much decomposed, particularly on the south side Old quadrangle of 
the College (James II.), of sandstone, decomposed. 

Modem buildings: Hunterian Museum (1804); superstructure said to be of stone from 
the President quarry ; slight traces of decomposition on the south-west front. The 
basement of another sandstone, in a more advanced state of decomposition ; other 
parts of the building are in an almost perfect state. The other buildings are gene- 
rally erected of stone from the Giffneuch and other quarries in the immediate neigh- 
bourhood, except the new Exchange buildings, which are of stone from the Humble 
quarry, thirty miles from Glasgow, recently erected, in which there are not any ap- 
parent symptoms of decomposition. 

Gloucester Cathedral (Norman for the greater part, altered and cased in the 15th 
century), built of a fine-grained and ill-cemented oolite, a shelly oolite, and a red 
sandstone (north side) intermixed, of which the former constitutes the greater por- 
tion. The tower (1 5th century), of shelly oolite, in perfect condition. The early 
turrets of the south transepts are also in good condition. The body of the building 
is much decomposed. The great cloister is built of the same materials as the cathe- 
dral. The moulded and decorated work is in good condition, the other parts are 
more or less decomposed. The small cloister is built of a fine oolite with a compact 
cement, and is in good condition. The New Bridge, of Whitchurch sandstone, 
parapets of Ruordean fine-grained sandstone, in good condition. 

Haddon Hall, Derbyshire (15th and 16th centuries). Of a fine-grained sandstone, 
similar to that of Lindrop Hill. The dressings, parapets, chimney shafts, quoins, &c. 
are wrought and rubbed ; the remainder of the walls is of rough walling. The whole 
in fair condition. 

Harrowgate. Cheltenham Pump Room, of sandstone from Woodhouse, near Leeds. 
Built recently. In good condition. Swan Hotel and other modern buildings, of a 
coarse sandstone of the vicinity ; generally in good condition. 

Hardwicks Hall, Derbyshire. (1597). Of a fine-grained sandstone, chiefly from a 
quarry in the hill on which the house is built, intermixed with a calciferous grit, 
similar to that of Mansfield ; generally in good condition. The ashler is in parts 
decomposed, especially where it is set on edge. 

HowDEif Church, Yorkshire (15th century); partly of magnesian limestone, of a deep 
yellow colour, and partly of a coarse siliceous grit, of a ferruginous colour. Dress- 
ings and enrichments and the central tower are of the former stone ; generally de- 
composed, particularly at the top of the tower. The other parts of the building, 
which are of the grit, are very much decomposed. 

Kirkstall Abbet, Yorkshire (IJth century). Of coarse sandstone of the vicinity, in 
various stages of decomposition according to the aspect. The east side is in fair con- 
dition ; some of the zig-zag enrichments and early capitals and other enrichments of 
mouldings are in perfect condition. The windows of the chancel and tower (inserted 
in the 16th century) of a yellow sandstone, are for the most part gone, and what re- 
mains is much decomposed. 

Mansfeld Town Hall, Nottinghamshire. Built three years since, of magneslo-calciferous 
sandstone from Mansfield : no appearance of decomposition. 

NEwcAsTLE-uroN-TY^fE. Ancient buildings: St. Nicholas’ Church (14th century), of 
sandstone of the vicinity, similar to that of the Heddon Quarry, very much decom- 
posed. Parts restored within the last century, with the same stone, now decomposing. 
The upper part of the tower and spire restored within the last five years, and painted 
to preserve the stone from decay. Other ancient buildings, of the same stone, more or 
less in a state of decomposition, according to the date of their erection. 

Modem building built within the last 25 years, of sandstone from the Felling and 
Church quarries at Gateshead and the Kenton quarry : parts already show symptoms 
of decomposition. 

Pontefract Castle, Yorkshire (14th century). Built generally of a coarse grit, of a dark 
brown colour, occasionally mixed with an inferior magnesian limestone. The whole 
in a very decomposed state, more particularly the sandstone, in which all traces of the 
original surface are effaced. Fragments of magnesian limestone are embedded in 
several parts of the walls, with mouldings of the 12th century, in perfect con- 
dition. 

Rabt Castle, Durham (14th century). Of sandstone of the vicinity : parts in a perfect 
state, others slightly decomposed. 

Richmond Castle, Yorkshire (11th century). The keep, of sandstone, similar to that of 
Gatherly Moor, generally in good condition ; mouldings and carvings in columns of 
window in a perfect state. 

Ripon, Yorkshire. An obelisk in the market-place (1781), of coarse sandstone, much de- 
composed in laminations parallel to the exposed faces. 
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RrpoN Cathedral. Lower part, east end, and south-east angle (Norman), of coarse sand- 
stone of the vicinity, in good condition. The west front, the transepts, and tower (of 
the 12th and 13th centuries), of the coarse sandstone of the vicinity, in fair condition. 
The mouldings, although generally decomposed, are not effaced. The dog’s-teeth 
ornaments in most parts nearly perfect. The aisles of the naves, the clerestory, and 
the choir (of the 14th and 15th centuries), of coarse sandstone and magnesian lime- 
stone intermixed, not in good condition ; the latter stone, on the south side, often in 
fair condition. The lower parts of the building generally, but particularly the west 
fronts, which are of coarse sandstone, are very much decomposed. 

Rivaulx Abbey, Yorkshire (12th century). Of a sandstone at Hollands, one mile from 
the ruins; generally in excellent condition. West front slightly decomposed; south 
front remarkably perfect, even to the preservation of the original toolmarks. 

Shaftesbury, Dorsetshire, St. Peter’s Church (15th century). Of a green siliceous 
sandstone, from quarries half a mile south of the church. The whole building much 
decomposed. The tower is bound together by iron, and is unsafe, owing to the inferior 
qual .y of the stone. 

Spofforth Castle, Yorkshire (14th century). Of coarse red sandstone; more or less, 
hut generally much, decomposed. The dressings of the windows and doors, of a semi- 
crystalline magnesian limestone, are in perfect state, the mouldings and enrichments 
being exquisitely sharp and beautiful. 

Tintern Abbey (13th century). Considerable remains of red and grey sandstones of the 
vicinity, in part laminated. In unequal condition, but fop the most part in perfect 
condition ; covered with grey and green lichens. 

Tisbury Church (13th and 14th centuries; the lower part of the tower of the 12th 
century). Of calciferous limestone from Tisbury. The dressings are composed of 
stone throughout, in perfect condition. The ashlar variable ; in part much decom- 
posed ; the undecomposed portions are covered with lichens. Tombstones in the 
churchyard generally in good condition, some being more than a century old. The 
houses of the village built generally of the Titbury stone, and are in very good con- 
dition. The whole covered with lichens. 

Wakefield Parish Church, Yorkshire (tower and spire of the 16th century). Of sand- 
stone, much decomposed. The body of the church, of recent date, of sandstone, 
strongly laminated, and generally decomposed between the laminae. 

Whitby Abbey (13th century). Of stone similar to that of Aislaby Brow, in the vicinity ; 
generally in good condition, with the exception of the west front, which is very much 
decomposed. The stone used is of two colours, brown and white ; the former, in all 
cases, more decomposed than the latter. The dog’s-teeth and other enrichments in the 
east front are in good condition. 

limestone buildings. 

Bath. Abbey church (1576), built of an oolite in the vicinity. The tower is in fair con- 
dition. The body of the church, in the upper part of the south and west sides, much 
decomposed. The lower parts, formerly in contact with buildings, are in a more 
perfect state ; the reliefs in the west front of Jacob’s ladder are in parts nearly effaced. 
Queen’s Square, north side, and the obelisk in the centre, built above 100 years 
since, of an oolite witli shells, in fair condition. Circus (built about 1750), of an 
oolite in the vicinity, generally in fair condition, except those portions which have a 
west and southern aspect, where the most exposed parts are decomposed. Crescent 
(built above 50 years since), of an oolite of the vicinity, generally in fair condition, 
except in a few places, where the stone appears to be of inferior quality. 

Bristol Cathedral (of the 13th and 14th centuries). Built of red san^tone and appa- 
rently a yellow limestone (magnesian?) strangely intermixed. The red sandstone in 
all cases decomposed ; the limestone more rarely decayed. The tracery, &c. of the 
windows, which are of the limestone, are in good condition, but the pinnacles and 
dressings of the same material much decomposed. The east end of the cathedral is a 
remarkable instance of the decay and preservation of the two stones employed. Nor- 
man gateway, west of the cathedral (the upper part of the 15th century), the Norman 
archway and its enrichments, which are of a very florid character, built of yellow 
limestone (magnesian ?), in excellent cbndition. 

— St. Mary Redcuffe (tower of the 12th century ; body of the church of the 15th 
century). Of oolitic limestone, from Dundry ; very much decomposed. 

Burleigh House (15th century). Of a shelly oolite (Barnack rag), in excellent condi- 
tion throughout. The late additions are of Ketton stone. 

Byland Abbey, Yorkshire (12th century). In part of a siliceous grit (principally in the 
interior), and in part (chiefly on the exterior) of a compact oolite, from the Wass 
quarri^ in the vicinity. The west front, which is of the oolite, is in perfect condition. 
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even in the dog’s-teeth and other florid decorations of the doorways, &c. This build- 
ing is generally covered with lichens. 

CoLnEY Weston Church, Northamptonshire (14th century). Of a shelly oolite (Barnack 
rag), in perfect condition throughout. 

Dorchester. St. Peter’s Church (15th century). Of laminated oolite, somewhat similar 
to that of Portland, and of a shelly limestone, somewhat resembling that of Hamhill. 
The latter used in pinnacles, parapets, and dressings. The whole in a decomposed 
state. 

Glastonbury — Abbey. Joseph of Arimathea’s Chapel. Considerable ruins ; Norman, 
of shelly limestone, similar to that of Doulting ; generally in good condition ; the 
zig-zag and other enrichments perfect ; the capitals of the columns, corbels, &c. are of 
blue lias, much decomposed, and in some cases have disappeared. The Church. Con- 
siderable remains of the choir, and a small portion of the nave (11th century), of 
shelly limestone, similar to that of Doulting, in good condition. St. Benedict's Parish 
Church (14th century). Of limestone, similar to that of Doulting, in good condition. 
St. John the Baptist's Parish Church (1 5th century). Of stone similar to that of 
Doulting, generally in fair condition. 

Glocesteb — Cathedral, (Norman for the greater part, altered and cased in the 15th 
century). Built of a fine-grained and ill-cemented oolite, a shelly oolite, and a red 
sandstone (north side) intermixed, the former constituting the greatest portion of the 
edifice. The tower (15th century), of shelly oolite, in perfect condition. The early 
turrets of the south transept are also in good condition. The body of the building is 
much decomposed. Die great cloister is built of the same materials as the cathedral. 
The moulded and decorated work is in good condition ; the other parts are more or 
less decomposed. The great cloister is built of a fine oolite, with a compact cement, 
and is in good condition. St. Nicholas's Church (body Norman; tower and spire, 
15th century), of a shelly and inferior kind of oolite intermixed, and in unequal con- 
dition. St. Michaels Church (15th century), built of same stone as that of St. 
Nicholas, and in the same condition. 

Grantham Church (13th century). Lofty tower and spire at the west end. Built of an 
oolite, similar to that of .Ancaster, in good condition, more especiahy the tower, except 
as to some portions of the base mouldings. 

Ketton Church, Rutlandshire, (West entrance door, Norman ; tower of the 12th or 13th 
century ; nave, aisles, and chancel of the 14th century). Of a shelly oolite (Barnack 
rag), in good condition. Dog’s-teeth, carved corbels, and other enrichments in a 
perfect state. 

Kettering Church (14th and 15th centuries). Of a shelly oolite, fine-grained, the greater 
portion resembling Barnack rag. The tower and spire in perfect condition. The 
body of the church in parts slightly decomposed. 

Kirkham Priorv, Yorkshire (I3th century). Inconsiderable remains. The western 
front and great entrance slightly decompo.sed throughout ; the portions which remain 
of the body of the church very perfect, but many' of the stones are much decomposed. 
The stone is very similar to that of the Hildenly quarry. The whole is covered with 
lichens. 

Lincoln Cathedral (the minster generally of the 1 2th and 1 3th centuries). Of oolitic 
and calcareous stone of the viciiuty ; generally in fair condition, more especially the 
early portions of the west front. The ashler and plain dressings of the south front 
are, however, much decomposed. The mouldings and carvings of the east front are 
in a perfect state. Roman Gate, of a ferruginous oolite, in fair condition. The Castle 
Gateway (13th century), of an oolitic limestone ; ashler much decomposed, dressings 
perfect. 

Melton Old Church, Yorkshire (12th century). Light semi-compact limestone, similar 
to that of the Hildenly quarry ; generally in good condition, particularly the great 
west door (of the 11th century), where the zig-zag and other enrichments are perfect. 
Some stones are much decomposed. 

Montacute, Somersetshire-.- Parish Church (I5th century). Of Hamhill stone, in perfect 
condition, covered with lichens. The Abbey (15th century). Supposed abbot’s 
house and gateway, of Hamhill stone, in good condition. Montacute House (17 th 
century), of HamhUl stone, in excellent condition. 

Mastock Church, Somersetshire (15th century^. Of a shelly ferruginous brown lime- 
stone from Hamhill, in good condition, except the plinth and base mouldings, which 
are much decomposed. Covered with lichens. 

Newark Church (15th century; the tower, in part, of the 12th century). Of an oolite, 
similar to that of Ancaster ; generally in fair condition, with the exception of parts of 
the base mouldings. The building is covered with a grey lichen. The Castle ( Nor- 
man, with additions in the 15th century). Chiefly of sandstone of the vicinity ; in 
unequal condition. A large portion of the dressings of the windows, &c. are of oolite 
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probably from Ancaster. Town HaU (50 or 60 years old). Built of the Ancaster 
oolite ; in good condition ; in some blocks, however, there is an appearance of lami- 
nation, where decomposition has to a slight extent taken place. 

Oxford Cathedral, Norman (1 2th century). Chiefly of a shelly oolite, similar to that 
of Taynton; Norman work in good condition, the latter work much decomposed. 
Merton College Chapel (13th century). Of a shelly oolite, resembling Taynton stone; 
in good condition generally. New College Cloisters (14th century). Of a shelly 
oolite (Taynton), in good condition. The whole of the colleges, churches, and other 
public buildings of Oxford, erected within the last three centuries, are of oolitic lime- 
stone from Heddington, about one mile and a half from the university, and are all, 
more or less, in a deplorable state of decomposition. The plinth, string-courses, and 
such portions of the buildings as are much exposed to the action of the atmosphere, 
are mostly of a shelly oolite from Taynton, fifteen miles from the university, and are 
universally in good condition. 

Paul’s, St., Cathedral, London (finished about 1700). Built of Portland oolite, from the 
Grove quarries on the east cliff. The building generally in good condition, especially 
the north and east fronts. The carvings of flowers, fruit, and other ornaments are 
throughout nearly as perfect as when first executed, although much blackened ; on 
the south and west fronts, larger portions of the stone may be observed of their natural 
colour than on the north and east fronts, occasioned by a very slight decomposition of 
the surface, 'fhe stone in the drum of the dome, and in the cupola above it, appears 
not to have been so well selected as the rest ; nevertheless scarcely any appreciable 
decay has taken place in those parts. 

Pickering Church, Yorkshire (13th and 14th centuries). Oolite rock of the neighbour- 
hood ; very much decomposed ; the windows, mullions, and buttress angles obli- 
terated. 

Pickering Castle (1 4th century). The walls of the oolite of the neighbourhood, and the 
quoins of a siliceous grit. The whole in fair condition. 

PoKTL.\ND, Dorsetshire — New Church (built 1766), of Portland oolite, fine roach; in a 
perfect state, still exhibiting the original tool marks. Wakeham Village, Tudor 
House, of Portland oolite, in excellent condition. Old Churchy in ruins, near Bow 
and Arrow Castle (15th century), of Portland oolite, resembling top bed; in very 
good condition ; original chisel marks still appear on the north front. Bow and Arrow 
Castle. Considerable remains of the keep, many centuries old, of Portland oolite ; the 
ashlar resembles the top bed, and is in perfect condition ; the quoins and corbels of 
the machicolated parapet appear to be of the cap bed of Portland oolite, and are in 
good condition. 

Salisbury Cathedral (13th century). Of siliciferous limestone from Chillmark 
quarry. The entire building is in excellent condition, except the west front, 
which in parts is slightly decomposed. The building generally covered with 
lichens. 

Sandysfoot Castle, near Weymouth (temp. Hen. VIII.). Considerable remains of keep, 
chiefly of Portland oolite, partly of the top bed and partly of the fine roach ; generally 
in excellent condition, with the exception of a few and apparently inferior stones. The 
inside ashlar of the walls is of large-grained oolite, apparently from the immediate 
vicinity of the castle, much decomposed. 

Somerton Church, Somersetshire (1 4th century). Built chiefly of blue lias; the quoins, 
buttresses, parapets, and other dressings of a coarse ferruginous shelly limestone, in 
various stages of decay. The parapet of the clerestory of a lighter-coloured stone, in 
good condition. 

Stamford — St. Mary’s Church (13th century). Of a shelly oolite (Barnack rag), in 
fair condition. St. John'' $ CAarcA ( 1 4th century ). Of similar stone, ill selected, and 
consequently decomposed in parts and in laminations, according to the direction of 
the beds of shells. St. Martinis Church (1 4th century). Of similar stone, in good 
condition. All Saints (lower part of the body of the church 13th century ; the re- 
mainder 15th century). Tower and spire in fine condition ; body of the church de- 
composed. StandwelVs Hotely built twenty-four years since of an oolite similar to 
that of Ketton ; in perfect condition. St. MichaeVs New Church. Built four years 
since ; no appearance of decomposition. 

Wells, The Cathedral. West front (13th century), upper part of tower (14th century), 
of shelly limestone, similar to that of Doulting, generally decomposed, but not to any 
great extent. North flank (porch and transept 1 3th century, the remainder of the 
1 4th century), of similar stone, in good condition, except lower part of flank and west 
tower. The central tower (of the 14th century) in very good condition. South side 
of the cathedral generally in good condition- Chapter House (13th century, with 
additions of the 15th century). The whole in good condition excepting the west 
front of the gateway, which is decomposed. Close gates (15th century) much de- 
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composed, but especially on the south and ^uth-west. The cloisters (15th century) 
generally decomposed, particularly the mullions and tracery. 

Westminster Abbey (13th century). Built of several varieties of stone, similar to that of 
Gatton or Ryegate, which is much decomposed, and also of Caen stone, which is 
generally in bad condition ; a considerable portion of the exterior, especially on the 
north side, has been restored at various periods, nevertheless abundant symptoms 
of decay are apparent. The cloisters, built of several kinds of stone, are in a very 
mouldering condition, except where they have been recently restored with Bath 
and Portland stones. The west towers, erected in the beginning of the 18th century 
with a shelly variety of Portland oolite, exhibit scarcely any appearance of decay. 
Henry the Seventh’s Chapel, restored about twenty years since with Combe Down 
Bathstone, is already in a state of decomposition. 

WiNDRUSH Church (15th centmy). Of an oolite from the immediate vicinity ; in ex- 
cellent condition. A Norman door on the north side, enriched with the bird’s-beak 
and other characteristic ornaments, is in perfect condition. Tombstones in the 
churchyard, very highly enriched and bearing the dates of 1681, 1690, apparently of 
Windrush stone, are in perfect condition. 

Wyke Church, Dorsetshire (15th century). Of oolite, similar to Portland, the whole in 
good condition, except the mulUons, tracery, and dressings of doors and windows, 
which are constructed of a sofr material, and are all decomposed. On the south side, 
the ashler is in part covered with rough-cast. The entire building is thickly covered 
with lichens. 


MAGNESIAN LIMESTONE BUILDINGS. 

Beverley, Yorkshire. The minster (I2th, 13th, and 14th centuries), of magnesian lime- 
stone from Bramham Moor, and an oolite from Newbold ; the former, which is used 
in the west tower, central tower, and more ancient parts of the minster, generally in 
good condition ; but in other parts of the building the same material is decomposed. 
The Newbold stone, chiefly employed on the east side, is altogether in a bad condition. 
Some of the pinnacles are of Oulton sandstone, and are in bad condition. The build- 
ing is partly covered with lichens. St. Maty*s Church (14th century), now in course 
of restoration, of magnesian limestone and oolite, supposed to be from Bramham Moor 
and Newbold, respectively. The ancient parts are in a very crumbling state, even to 
the obliteration of many of the mouldings and enrichments. 

Bolsover Castle, Derbyshire (1629). Mostly in ruins; of magnesian limestone of 
several varieties, and of a calcareous flne-grained sandstone. The dressings, which 
are generally of sandstone, are much decomposed, in some instances to the entire ob- 
literation of the mouldings and other decorations, and to the destruction of the form of 
the columns, rustications, &c. Most of the string courses, a portion of the window 
dressings, and the ashler, which are of magnesian limestone, are generally in excellent 
condition. 

Bolsover Church, Derbyshire (15th century). Of a magnesio-calciferous sandstone, more 
or less in a decompo^ state throughout. 

Chepstow Castle, Monmouthshire (] Itb and 12th centuries, with additions of the i4th 
century). Of mountain limestone and old red sandstone ; the former in good con- 
dition, the latter decomposed. Dressings of door, window, archway, and quoins are for 
the most part of magnesian limestone, and in perfect condition. The remainder is of 
red sandstone, and is generally much decomposed. Chapel (of the 12th century), 
mouldings and carvings of windows, &c., which are of magnesian limestone, in perfect 
condition 

Doncaster (Old) Church (15th century). Of an inferior magnesian limestone, generally 
much decomposed, more especially in the tower, and on the south and west sides ; now 
under general and extensive repair. 

Hemingboeough Church, Yorkshire (15th century). Of a white crystalline magnesian 
limestone. The entire building is in a perfect state, even the spire, where no traces of 
decay are apparent. 

Howden Church, Yorkshire (1 5th century). Partly of magnesian limestone of a deep 
yellow colour, and partly of a coarse siliceous grit of a ferruginous colour. Dressings 
and enrichments, and the central tower, are of the former stone, generally decomposed, 
particularly at the top of the tower. The other parts of the edifice, built of the grit, 
are very much dwomposed. 

Huddlestone Hall, Yorkshire (1 5th century). Of semi-crystalline magnesian limestone 
from the neighbouring quarry. In excellent condition, even to the entire preservation 
of the mouldiogsof the chapel window in the south-west front. The outer gate piers 
in the fence wall, also of magnesian limestone, very much decomposed. 

Knaresborough Castle, Yorkslme (12th century). Magnesian limestone, carious in part ; 
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generally in very good condition, except on the south and south-west portions of the 
circular turrets, where the surface is much decomposed. The mouldings generally are 
in a perfect state. The joints of the masonry, which is executed with the greatest 
care, are remarkably close. The stone of the keep, which is of a deep brown colour, 
and much resembles sandstone, is in good condition, especially on the south-west 
side. 

Koningsborough Castle, Yorkshire (Norman). Coarse-grained and semi-crystalline mag- 
nesian limestone, from the hill eastward of the castle ; in perfect condition. The 
masonry is executed with great care, the joints very close, but the mortar within them 
has disappeared. 

Ripon Cathedral. Lower part, east end, south-east angle (Norman), of coarse sandstone 
from the vicinity, in good condition. The west front, the transepts, and tower (of the 
12th and 13th centuries), of coarse sandstone of the vicinity, in fair condition. The 
mouldings, although generally decomposed, are not effaced. The dog’s-teeth orna- 
ment in most parts nearly perfect. Tbe aisles of the nave, the clerestory, and the 
choir (of the 14th and 15th centuries), of coarse sandstone and magnesian limestone 
intermixed, not in good condition. The latter stone, on the south side, often in fair 
condition. The lower parts of the building generally, particularly the west fronts, 
which are of coarse sandstone, are much decomposed. An obelisk, in the market- 
place (1781), of coarse sandstone, is much decomposed, and in laminations parallel to 
the exposed faces. 

Robin Hood’s Well, Yorkshire (1740). A rusticated building, of magnesian limestone, 
in perfect condition. 

Roche Abbey, Yorkshire (12th century). Inconsiderable remains, of semi-crystalline mag- 
nesian limestone from the neighbouring quarry, generally in fair condition. The 
mouldings and decorated portions are perfect. Gate-house (12th century) generally 
decomposed, with the exception of the dressings and mouldings, which are 
perfect. 

Selby Church, Yorkshire (nave and lower part of the tower of the 11 th century ; the west 
front and aisles of the 12th century ; and the choir with its aisles of the 14th century). 
The Norman portion of the building, which is of grey magnesian limestone, is in 
excellent condition, particularly the lower part. The early English portions of the 
building are also of magnesian limestone, and in a partially decomposed state. The 
later portions of the building, which also are of magnesian limestone, are much decom- 
posed and blackened. 

Southwell Church, Notts (of the 10th century). Of magnesian limestone, similar to 
that of Bolsover Moor, in perfect condition. The mouldings and enrichments of the 
doorway appear as perfect as if just completed. The choir, which is of the 12th cen- 
tury, and built of a stone similar to that of Mansfield, is generally in good con- 
dition. 

Spofeorth Castle, Yorkshire (14th century). Of coarse red sandstone, generally much 
decomposed. The dressings of the windows and doors, of a semi-crystalline mag- 
nesian limestone, are in a perfect state, the mouldings and enrichments being eminently 
sharp and beautiful. 

Studlet Park, Yorkshire. Banquetting house, about 100 years old, of yellowish mag- 
nesian limestone, in perfect condition. 

Thorpe Abbey Village. The houses generally of this village are built of magnesian 
limestone from the vicinity ; they are in excellent condition, and of a very pleasing 
colour. 

Thorpe Salvin, near Worksop. Manor-house (15th century), in ruins. Of a siliciferous 
magnesian limestone and a sandstone, in unequal condition ; the quoins and dressings 
are generally in a perfect state. Parish Church (15th century), also of a siliciferous 
variety of magn^ian limestone and a sandstone, in unequal but generally frir condi- 
tion. A Norman doorway under the porch Is well preserved. 

Tickhill Church, Yorkshire, (15th century). Of magnesian limestone, in excellent 
condition. TTie lower part of the tower (of the 1 2th century) also in fair condition. 

York. Ancient Buildings : Cathedral (transepts, 13th century ; tower, nave, &c., 14th 
century). Of magnesian limestone, from Jackdaw Craig. West end and towers 
restored thirty years since ; they are generally in fair condition, but some of the 
enriched gables and other decorations are obliterated. The transepts are in many 
places much decomposed, especially in the mouldings and enrichments. The central 
tower is generally in good condition, but several of the enriched parts are decom- 
posed. St. Mary's Abbey (12th century), of magnesian limestone. West front of the 
church generally much decomposed ; the north flank in better condition, but in parts 
much decomposed. The gateway, which is of Norman origin, is in fair condition. 
Roman Multangtdar Tower. BuUt of small stones ; such as are of magnesian lime- 
stone are in good condition. St. Denis's Church. Norman doorway, of magnesian 
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limestone ; south side highly enriched with zig-zag and other ornaments ; the columns 
are gone ; the parts which remain are in good condition. St. Margarefs Church (15th 
century), of magnesian limestone ; east front much exposed, and in good condition. 
The porch is of Norman date, and has been reconstructed ; four bands of enrichment 
in the head, in tolerably fair condition, but many stones, particularly those of a deep 
yellow brown colour, are much decomposed. The other churches of York (which are 
of the 1 4th and 1 5th centuries) are built of magnesian limestone, and are generally in 
an extremely decomposed state ; in many instances all architectural detail is obliterated. 
Modem Buildings: The Museum, of Hackness sandstone, built nine years since, 
much decomposed wherever it is subject to the alternation of wet and dry, as at the 
bottom of the columns of the portico, plinth, &c. The Castle (recently erected) ; 
the plinth of the boundary wall (which is of Bramle)rfaU sandstone) already exhibits 
traces of decomposition. York Savings Bank. Huddersfield stone (?), in good 
condition. 

WoEKSOP Church (principally of the 1 3th century), of a siliciferous variety of magnesian 
limestone and of a sandstone ; in very unequal condition. Some parts are very much 
decomposed, whilst others are in a perfect state. 

1666. Valuable as the above Report is, there remain points, perhaps minor ones, which 
are still desiderata for the architect ; but we are, nevertheless, much indebted to all con- 
cerned in its production. It contains a sufficiently ample account of the principal 
quarries of the country to guide the architect in the choice of the material, and is almost 
the only thing that the government of this country has ever done to advance architecture 
as a science : for it, as an art, it does not appear probable much will be done till things are 
very much changed. We shall close our account of the stone of England with a very 
useful table of the chemical analysis of sixteen specimens of stone, which were examined 
by Messrs. Daniel and Wheatstone, whose names are sufficient to impart a value to it in 
the mind of every scientific person. 
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1667. The above table gives the results of the chemical analysis of sixteen specimens of 
stone, arranged according to their respective classes. The names of the quarries are in- 
serted under the general divisions of the different species of stone, and the specimens were 
considered as fmr average samples of the workable stone in such quarries. The expe- 
riments were conducted by Messrs. Daniel and Wheatstone. In subsection 1 500. we have 
already supplied a table, to which the reader is referred for the crushing weights of the 
stones therein mentioned ; and that, added to the information which the immediately pre- 
ceding pages supply, will, we trust, be all that is necessary on this branch of the subject 
under consideration. 
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Sect. II. 

GEAinTE. 

1 668. Among the primitive rocks of the globe, whose period of creation is considered by 
geologists as antecedent to that of organic beings, is that of granite, whose use in architec- 
ture seems to bid defiance to time itself. The term granite appears to be a corruption of 
the Latin word geranites, used by Pliny to denote a particular species of stone. Tour- 
nefort, the naturalist, in the Account of his Voyage to the Levant in 1699, is the first of 
modem writers who uses the name. The word seems to have been applied by antiquaries 
to every granular stone susceptible of use in architecture or sculpture, in which vague sense 
it was used by mine^ogists, until about fifty years since, when true granite was classed 
as a particular mountain rock. Its constituent parts are concretions of felspar, quartz, 
and TTiica, intimately joined together, but without any basis or ground. These parts are 
variable in quantity, so that sometimes one, sometimes the other, and frequently two of 
them, predominate over the third. The felspar, however, generally predominates, as mica 
is the least considerable ingredient of the rock. In some varieties the quartz is wanting, 
in others the mica ; but where these peculiarities occur, the granites must be consider^ 
as varieties, not as distinct species. 

1669. The constituent parts differ in their magnitude, alternating from large to small 
and very fine granular. ITie colour, moreover, is very variable, depending principally on 
the predominating ingredient, — the felspar, the quartz, and the mica having usually a grey 
colour. The felspar is mostly white, inclining to grey and yellow, sometimes red, and even 
also milk white, sometimes flesh-red ; rarely grey, yellow, or green. The quartz is usually 
grey, seldom milk-white, and always translucent. The mica is usually grey, and sometimes 
nearly black. The felspar in granite has usually a vitreous lustre, and of perfectly foliated 
fracture ; yet in some varieties it passes into earthy, with the loss of its hardness and lustre j 
in other words, it has passed into porcelain earth. The appearance in question is sometimes 
produced by the weathering of the felspar, and sometimes it appears to be in its original 
state. When pyrites are found in the veins which traverse granite, the vicinous felspar and 
mica are converted into a species of steatitical matter by the action of the sulphuric acid 
formed during the decomposition of the pyrites. The mica also is liable to decomposition 
from ezposure to the atmosphere, but the quartz never alters. In Cornwall, there is a con- 
siderable portion of the granite in which earthy felspar is found. 

1670. Granite is not decomposed by acids, and is only imperfectly and slowly calcinable 
in a great heat. Those species which contain much white felspar, and only a small portion 
of quartz, like the greater part of the granites of Cornwall and Devonshire, are liable to 
decomposition much sooner than many of the Scotch granites, in which the quartz is more 
abundant, and equally disseminated. In the selection of the Cornish and Devon granites, 
those are to be preferred which are raised in the largest blocks and are easiest worked, 
which, for common purposes, answer well enough, such as for paving-stones and the like ; 
but harder granite must be sought for than Devonshire or Cornwall produces, where the 
construction is of importance ; for the masses in these counties are mostly in a condition of 
rapid disintegration and decay, which seems chiefly attributable to their containing a large 
portion of potass. The Naval Hospital of Plymouth is built of a granite whose parts appear 
to have been well selected. It was erected upwards of seventy years since, and, except 
in the columns of the colonnades, does not exhibit symptoms of decay. In th^, on their 
more exposed sides, the disintegration of the felspar has commenced, and lichens have 
already attached their roots to some parts of the surfaces. 

1671. The grey granite, or moorstone as it is called in Cornwall, is got out in blocks by 

splitting it with a number of wedges applied to notches fooled in the surface of the stone 
about four inches apart. The pool holes are sunk with the point of a ptch, much in the 
same way as other hard quarry stones are split. The harder the moorstone the nearer it 
can be split to the scantling required. All granite may be wrought, and, indeed, is 
wrought into mouldings by means of pointed tools of various weights and sizes; but it is 
first roughed out by means of heavy hammers, whose shape is form ed by two acute angled 
triangles, joined base to base by a rectangle between them, thus granite, 

sometimes yellowish, and generally interspersed with black mica, is found in Devonshire, 
and indeed at Mount Edgeumbe there are fine tables of it equal to the finest oriratal 
granite, and it is found also in other parts of England ; but for hardness, rad m works where 
durabiUty is indispensable, the granite from Aberdeen and Dundee is to be prefemd by the 
architect These take an admirable polish, and are superior to all others which t^ island 
produces. Of these the red generally is harder than the grey sorts, but more difficult to 
work. The Peterhead, from the vicinity of Aberdeen, is perhaps the be^ and it i^ more- 
over, in appearance, the most beautiftil which Scotland affords; indeed, in pomt of beauty, 
it is only surpassed by the oriental granites. 
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1672. The common granite is 
tropolis. 

A cubic foot of 


3 


the material chiefly used for paving the roads of the me- 

Aberdeen grey granite weighs 166|lbs. 

Aberdeen red granite - 1 65^ 

Cornish grey granite - 1661 

Cornish red granite - 164 


Sect. HI. 

I^IARBLE. 

1673. With the architect and sculptor the name of marble is applied to all stones, harder 
than gypsum, which are found in large masses, and are susceptible of a good polish. On 
this principle, under the head of marble, are included many varieties of limestone, porphyry, 
and even granite and fine-grained basalts. But with mineralogists the word is used in a 
much more restricted sense, and. is confined to such varieties of dolomite, swinestone, and 
compact and granularly foliated limestone as are capable of receiving a good polish. 

1674. The external characters are as follows : colours white, grey, red, yellow, and green. 
Has generally but one colour, though it is often spotted, dotted, striped, and veined. Occurs 
massive, and in angulo-granular distinct concretions. Internally it alternates from shining 
to glistening and glimmering ; lustre intermediate between pearly and vitreous. Fracture 
foliated, but oftentimes inclining to splintery. Fragments indeterminate, angular, and 
rather blunt-edged. More or less translucent. Brittle, and easily frangible. Its chemical 
characters are, ^t it generally phosphoresces when pounded, or when thrown on glowing 
coals. It is infusible before the blow-pipe. Dissolves with effervescence in acids. 

Constituent parts. Lime ... 56*50 

Carbonic acid - - 43*00 

Water - , . 0*50 

100*00 

1675. All the varieties may be burnt into quicklime; but it is found that in many of 
them the concretions exfoliate and separate during the volatilization of their carbonic acid, 
so that by the time that they become perfectly caustic, their cohesion is destroyed, and 
they &11 into a Idnd of sand, a circumstance which renders it improper to use such va- 
rieties in a common kiln. The most important use, however, of marble is as a material for 
decoration. 

1 676. The varieties of marble are almost infinite, and their classification would be perhaps 
useless here. Among those in use with the ancients, the white marble of mount Penteles 
in Attica, thence called Pentelicanj seems to have held the first rank. It was used in the 
Parthenon and other buildings in Athens, and was also in higli repute with the Greek 
sculptors. The Parian marble of the finest description was obtained from Mount Mar- 
pessus in the island of Paros, whence it was also called Marpessian marble. This sort was 
aXso highly esteemed. The Parian marble was sometimes termed Lychneusy from its em- 
ployment for candelabra, and Lygdinumy from the promontory of Lygdos. Another marble 
of antiquity was that from Mount Hymettus in Attica. Tbasus and Lesbos produced 
white marbles, much esteemed ; and the latter also a marble of a black colour. But a 
marble whiter than even that of Paros was found at Luna in Etruria. Amongst the white 
martfles also was the Marmor PheUense from Mount Phelleus ; Coraliticum, from the neigh- 
bourhood of tile river Coralios in Phrygi^ termed also Sangarium, from a different name 
of the same river ; and the Cgzicumy from the quarries of Cyzicus in Asia Minor. The 
Chemites resembled ivory in its colour. Among the black marbles were the Synnadictim, 
or Phrygium, from the vicinity of the city of Synnada in Plirygia ; that of Tccnarusy the 
Marmor LiHcvm, or Numidian, also called LucuUeum, called by the French noir antique or 
rouge antique. Of a transparent black colour also was the celebrated Chium Marmor, from 
Mount Pelineus in the island of Chios. The Marmor Obsidianum, from Ethiopia, wi also 
black. Of the same colour, but veined, was that from the isle of Proconesus, called Pro- 
eonesian or Cyzican marble. Mount Taygetes produced the Marmor Laconicum, of a <rreen 
colour, more generally now known by the name of verd antique. That of Carystut was 
of a mingled green. The Atraicum Marmor, from Mount Atrax in Thessaly, was a mixture 
of white, green, blue, and black. The Tiberian and Augustan marbles were from Egypt 
and of a green colour. That of a dark green, which is called serpentino antico, frorn the 
allied resemblance of its colour to the skin of a ser|>ent, was anciently called Marmor 
ApnUes or Memphites, and was obtained, as *ts second name imports, from the nei'^hbour- 
hood of Memphis. The Corinthian was a yellow marble; the Phengites, from Cappadocia, 
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white with yellow spots. The Rhodian was marked with spots of a golden appearance ; 
and that of Mdos, obtained from Mount Acynthus, was also yellow. 

1677. The Parian marble, above mentioned, consists almost entirely of carbonate of 
lime ; that of Carrara, in Italy, is often mixed with granular quartz in considerable pro- 
portion. Dr. Clarke says that while the works in Parian marble remain perfect, those in 
Pentelic marble have become decomposed, and sometimes exhibit a sur&ce as ear^y and 
rude as that of common limestone. This is considered to be principally owing to veins of 
extraneous sul^tances which intersect the Pentelic quarries, and which appear more or less 
in all the works executed in this kind of stone. The Parian marble has a waxy appear- 
ance when polished ; it hardens by exposure to the air, and must be h^d in estimation even 
now, as the material from which were formed the Venus di Medici, the Diana Venatrix, 
the colossal Minerva Pallas of Velletri, and the Capitoline Jimo. The marbles known by 
the names of Verde antico and Verde di Corsica are composed of limestone, calcareous 
spar, serpentine, and asbestus. 

1678. The marbles of France are many of them extremely beautiful, but their use is 
chiefly confined to that coimtry. 

1 679. The marbles of the British Islands deserve more notice from the English architect 
than they have hitherto received. In England there are but few as yet quarried of 
granular foliated limestone, the greater number of varieties of them belonging to the 
floetz or secondary limestone. Derbyshire and Devonshire abound with marble ; but the 
most remarkable, and perhaps most beautiful, of the English marbles, is that of Anglesea, 
called Mona marhU, and much resembling Verd antique. Its colours are greenish blzwk, 
leek green, and sometimes purple, irregularly blended with white, but they are not always 
seen together in the same piece. The white part is limestone, the green shades are said to 
be owing to serpentine and asbestus. The black marbles found in England are varieties 
of lucullite. 

1680. Of the Scotch marbles the principal are the Tiree, of which there are two varieties, 
red and white. The lonoL, whose colours are a greyish white and snow white, sometimes 
intermixed with steatite, which gives it a green or yellow colour in spots known under the 
name of Iona or Icolmkill pebbles. It does not take a high polish. The Skye marble, of 
greyish hue, with occasion^y various veins. The Msynt varieties of white, of grey, and 
dove colour. Glen Tilt marble, white and grey, with occasionally yellow and green spots. 
Marble of BaUxcvlUh, of a grey or white colour, and capable of l^ing produced in con- 
siderable blocks. Boyne marble, grey or whit^ and taking a good polish. Blairgowrie^ 
ki Perthshire, of a pure white colour, fit, it is said, to be employed in statuary and for 
architectural purposes ; and Glenaxxm, a white marble, said by Williams {ISatwral History 
of the Mineral Kingdom) to be a valuable marble, is not used, from the remoteness of its 
situation and the difliculty of access to it. 

1 681 . The black marbles of Ireland, which have of late been much introduced for architec- 
tural purposes, are luculUtes. In the county of Waterford are several kinds. At Toreen is 
a fine variegated sort of various colours, viz., cbesnut brown, white, yellow, and blue, and 
taking a good polish. A grey marble, beautifully clouded with white, and susceptible of 
a good polish, has been found near itilcrump, in the parish of Whitechurch- in the same 
county. At iioughlougher, in the county of Tipperary, a fine purple marble is found, 
which is said to be beautiful when polished. Several variegated marbles are described by 
Smith in the county of Cork, but it does not appear certain whether these and others are 
granular limestone. The county of Kerry affords several variegated marbles, such as that 
found near Tralee. Marble of various colours is found in the same county, in the islands 
near Dunkerron, in the river of Kenmare : some are purple and white, intermixed with 
yellow spots ; and some beautiful specimens have been seen of a purple colour, veined with 
dark green. 

1 632. TTie piincipal part of the supply to England of foreign marble is from Carrara, a 
small Italian town in the duchy of Massa. The quarries at this place were celebrated 
from an early period, and spots are still shown about them whence they dug the marble 
for the Pantheon. Masses of marble are sometimes procured here nine feet in length and 
from four to six in breadth. The marble produced besides the white statua^ is of 
different colours and veins. The quarries are the property of the principal inhabitants of 
the town, who carry on an extensive trade in the article ; but the difficulty of choosing 
the marble has induced artists to settle there for the execution of their works, and the con- 
sequence is, that sculpture abounds and flourishes in the town. 

1683. There is a beautiful species of yellow marble obtmned from the quarries near 
Siena, but the quantity imported is not very great. 
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1684. The information we propose here to lay before the reader relative to the diifferent 
iq>eeies of timber is extracted from Miller’s Gardener's Dictionary, Rondelet’s Art de Bdtir, 
Reee'e CyAopeedia, and Hunter’s edition of Evelyn’s Sylva. To give any thing like the in- 
formation that would satisfy the botanist would be out of place in an architectural work ; 
and we therefore confine our observations to those which will be useful to the student. 

1685. Oak. Of this most valuable timber for building purposes Vitruvius (lib. ii. 
cap. ix. ) enumerate five species, which it would now be difficult to identify. That some 
species of the Quercus of the botanists are more valuable for building purpose than others 
no doubts exist. Evelyn seems to commend especially the Irish oak, because of its with- 
standing the efforts of the worm ; but it is not easy to ascertain the particular species to 
which he alludes. In the present day the Sussex oak is esteemed the most valuable ; a 
value, according to some authors, derived from the nature of the soil and from good 
management in the culture, which is an object of no small importance. 

1686. Generally, it has been usual to consider England as producing, without difference 
in quality, but one species of oak ; but two sorts are well known to ^e English botanist, 
the Quercus Rotmr and the Quercus jessijlora. The former is found throughout the 
temperate parts of Europe, and is that most common in the southern parts of England. 
Its leaves are formed with irregular sinuosities, and their footstalks are short, occasionally 
almost without any at all. It attains a very large size, and the wood is tolerably straight 
grained and pretty free from knots, in many instances resembling the German species 
called wainscot. It is easily split for mabipg laths for plasterers and slaters, and is beyond 
doubt the best sort for joists, rafters, and other purposes where stiff and straight-grained 
timber is a desideratum. In the Quercus jessiffora, which, though found about Dulwich 
and Norwood, according to Miller, appears to be the common oak of Durham, and perhaps 
of the north of England, the leaves have long footstalks, frequently an inch in length, 
and their sinuosities are not so deep, but are more regular than those of the Robur just 
described. The acorns are so close to the branches as to have scarcely any stalks. The 
wood is of a darker hue, and the grain is so smooth that it resembles chesnut. Than the 
Robur it possesses more elasticity, hardness, and weight, but in seasoning it is subject to 
warp and split ; hence unfit for laths, which in the north of England are rarely of oak. 
There is no reason for supposing, as has been conjectured, that the oak of the Gothic roofr 
of the country is of this species, though we are aware of the great durability of the oak in 
the buddings in the northern part of the island. 

1687. The specific gravity of the species first named, that is, the Quercus Robur, may 
be taken at about *800, and the weight of a cube foot 50-45 lbs. That of the last-named 
at -875, and the weight of a cube foot at about 55 -00 lbs. Their cohesive force and tough- 
ness are proportionable. 

1688. The American species scarcely claim a ‘notice here, because their use in 
England is, from every circumstance, out of the question. Of the red oak of Canada 
(Quercus rubra), the only one of which the use could be contemplated, we merely observe, 
that it is a light, spongy, and tar from durable wood, though, in the country, in many 
instances useftiL Its growth is rapid, and it rises to the height of 90 or 100 fret. 

1689. There is a species of oak imported from Norway, which has received 
the name of dapboard, and another imported from Holland, known under the name of 
IHdch wainecat, though grown in Germany, whence it is floated down the Rhine for 
exportation. The latter is destitute of the white streaks which cross the former, and is 
thereby distinguished from it. The use of these woods has latterly much diminished in 
England. They are both softer than common oak, and the clapboard far inferior to 
wmnscot. They are more commonly used for fittings and fixtures, whereto they are well 
adapted. In damp situations, oak decays gradually from its external surface to the centre 
of the tree ; the ring on the outside, which it squired in the last year of the growth of 
the tree^ decaying firet ; but if the tree be not feUed till past its prime, its decay is reversed 
by its commencement at the centre An oak rarely reaches its prime under the age of an 
hundred years ; after that period, which is that of its greatest strength, it cannot be consi- 
dered as fit for building purposes ; and, indeed, it may be taken as a rule, that oak before 
arriving at its maturity is stronger than that which has passed it. 

1690. If the architect has the opportunity of selecting the timber whilst in a state of 
growth, he will, of course, choose healthy, vigorous, and flourishing trees. Those in 
which the trunks are most even are to be preferred. A mark of decay is detected in any 
swelling above the general surfece of the wood. Dead branches, especially at the top of 
the tree, render it su^icious, though the root is the best index to its soundness. The 
notion of Alberti (Dc Re MdiJicaUma'), of uang all the timber in the same building from 
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the same forest, is a little too foncifol for these days, though we confess we have some mis- 
givings in impugning an authority which, in most other respects, we are inclined to receive 
with the highest veneration. 

1691. In felling not only the oak, but all other large trees, the great branches should be 
first cut off, so that the tree may not be injured or strained in its fall ; and the trunk, 
moreover, must be sawed as close to the ground as possible. When felled, but not before, 
it is to be barked, trimmed of its branches, and left to season. Before, however, leaving 
it for this purpose, it is considered by workmen better tQ square it, which, it is thought, 
prevents its tendency to split. If to be employed for posts or bearing pieces, boring it 
has been employed with success ; but it is needless to observe, that in pieces subject to 
transverse strains such a practice is not to be spoken of. 

1692. The pieces selected for building must be chosen with the straightest grain ; but 
there are pieces which are occasionally employed, as for knees and braces, wherein a 
curvilinear direction of the fibres of the timber is extremely desirable. It may, however, 
be generally stated, that, in the case of two equal-sized and seasoned pieces the heavier is 
the piece to be preferred. 

1693. In oak, as in ail other woods, the boughs and branches are never so good as the 
body of the tree ; the great are stronger than the small limbs, and the wood of the heart 
stronger than alL When green, wood is not so strong as when thoroughly dry, which it 
rarely is till two or three years after it is felled. It is scarcely necessary to say, that, con- 
taining much sap, it is not only weaker, but decays sooner. It is weakened by knots, at 
which, in practice, it is found that fractures most frequently occur ; and it is important 
to the architect to recollect that be should always reject cross-grained pieces. 

1694. The great use of oak in this country is more for ship-building purposes than for 
architectural, its use, except in the provinces, being principally confined to pieces which 
are much liaMe to compression, or where great stifihess is required, or in pieces like sills 
to windows and door-cases, where there is much alternation of dryness and damp. So 
early as 1788, the consumption of oak for ship-building purposes was, in that year,* 
upwards of 50,000 loads. 

1695. When of good quality, it is more durable than any other wood which is procur- 
able of a like size In a dry state, it is ascertained to have lasted nearly a thousand years. 
The open-fibred porous oak of Lincolnshire, and some other places, is a bad sort. The 
best is that with the closest grain and the smallest pores. The colour, as is well known, 
is a fine brown ; that which partakes of a reddish hue is not so good as the other. The 
sm^ of it is peculiar ; it contains gallic acid, and it assumes a black purple colour when 
damp, by contact with iron. It warps and twists much in seasoning, and shrinks in width 
about one thirty-seventh part. 

1696. Chxsnut. One of the finest of the European timber trees, the Fagus castanea 
of botanists, was heretofore so common in this country, that Fitzstephen, in his description 
of London about the time of Henry II., mentions a fine forest of chesnuts as growing on 
the northern side of the city. We know that it was much used in the buildings of our 
ancestors, and was, perhaps, even the chief timber employed. The young tree vies with the 
oak in durability, from the small proportion of sapwood it contains. Of its durability, 
the roofs of Westminster Hall, that of King’s College, Cambridge, and that of Notre 
Dame, at Paris, are cited as examples, though the fact of the latter being of chesnut is 
doubted by Rondelet, who says that Buffon and D’Aubenton thought it a species of oak, 
which may be the case in the roof first named. 

1697. Chesnut, however, is not to be trusted as is oak. As Evelyn observed, it is often 
well-looking outside, when decayed and rotten within. Belidor says it soon rots when the 
ends of timbers of it are closed round in a wall. 

1698. It is, perhaps, from the circumstance of its colour so nearly resembling that of 
oak, that one timber has so often been mistaken for the other. The difference, however, 
is, that the pores of the sapwood of the oak are larger and more thickly set and easily 
distinguished, whilst those in the chesnut require minifying powers to l]« distinguished. 
But a more decided difference is, that the chesnut has no large transverse septa. It is far 
easier to work than oak, and is not very susceptible of swelling and shrinkage. From 
wbat has been mentioned above, it may be inferred that the wood, though tough and com- 
pact, is, when young, hardest and most flexible, the old wood being often shaky and brittle. 

1699. Water pipes of this tree endure much longer than those of elm; and for tul^ 
and vessels to hold water, it is superior to oak; for when once thoroughly seasoned, it will 
neither shrink nor swell, on which account it is used by the Italians for wine tuns and 
casks. It will thrive on most soils, but rather delights in a rich loamy land, succeeding 
well, also, on that which is gravelly, clayey, or sandy. Mixed soils are suitable to it, and 
it is found in the warmer moimtainous situations of most parts of Europe. 

1700. From the experiments, the cohesive force of a square inch of chesnut, when dry, 
varies from 9570 to 1 *2000 lbs., and the weight of a cubic foot, when dry, is firom 
43 to 55 lbs. 
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1701. Bkecb {Fagns SyhaHca). A beautiful tree, growing to a considerable height, 
»nd carrying a proportionable trunk. It dourishes most in a dry warm soil, and grows 
moderately quick. The wood is hard, close, has a dry even grain, and, like the elm, 
bears the drift of ^ikes. The sorts of beech are the brown or black, and the white beech. 
It is common throughout Europe. In the southern parts of Buckinghamshire, where the 
sml is chalky, it is particularly abundant ; and such is the case near Wablerton, in Sussex, 
oa the southern range of chalk hills, where the beeches are very fine. 

1702. Constantly immersed in water, the beech is very durable; such also is the ease 
with it when conshmtly dry ; but mere damp is injurious to it, and it is very liable to injury 
by worms, ^ough to these Duhamel considers it much less liable when water-seasoned, 
than when seasoned in the common way. To render it less liable to the worm, it has been 
recommended to fell it about a fortnight after Midsummer, to cut it immediately into 
planks, which are to be placed in water about ten days and then dried. Beech is little used 
in building, except for piles, in which situation, if constantly wet, they are very durable. 
From its uniform texture and hardness, it is a good material for tools and furniture, and 
of it, in boards and planks, large quantities are brought to Xx)ndon. It is without sensible 
taste and anell, easy to work, and susceptible of a very smooth sur&ce. The white sort is 
the hardest, though the black is tougher, and, according to Evelyn, more durable. The 
weight of a cube fix)t varies from 43 to 53 pounds. 

1703. Walxct (Juglanst qutisi Jovis glcuis) is of several sorts. The Juglans Regia, 
or common walnut, was formerly much cultivated in this island, as well for the sake of 
its timber as of its fi*uit. . On the former account the importation of mahogany has long 
^ce rendered its cultivation less common. It fiourishes better in a thin limestone soil, 
than in one that is rich and deep, and, if raised for timber, should not be transplanted, but 
remain in the place where it is sown. For furniture, from its rich brown colour, it is by 
many persons preferred to mahogany. Its scarcity renders its employment rare for 
building purposes, though by the ancients it was so employed. One of its properties 
is, that it is less liable to be affected by worms than any other timber, cedar only excepted ; 
but from its brittle and cross-grained texture, it is not generally useful for the main 
timbers of a building. 

1704. The heart-wood is of a greyish brown with dark brown pores, often veined with 
darker shades of the same colour, which are much heightened by oiling. The texture is 
not so uniform as that of mahogany, nor does it work so easily, but it may be brought to 
a smoother surface. The weight of a cubic foot is about 45 pounds. 

1705. Ceoar (Pinus Cedrui) is an evergreen cone-bearing tree, of which though 
several have been grown in this country, it is too scarce to be employed in building. Its 
durability is very great ; such, indeed, that Pliny states cedar to have been found in the 
Temple of Apollo at Utica, which must have b^n 1 200 years old. Its colour is a light 
rich yellow brown, with the annual rings distinct. It is resinous, and has a powerfril 
smell. The taste is slightly bitter, and it is not subject to worms. It is very straight in 
the grain, works easily and splits readily. Weight of a cubic foot from SO to 38 pounds. 

1706. Fia (Pinas Sylvestris). The red or yellow fir is produced on the hills of Scot- 
land ; but the forests of Russia, Denmark, Norway, Lapland, and Sweden produce the 
finest timber of this species. It is imported, under the name of red wood, in logs and deals. 
From Norway the trees are never more than 1 8 inches diameter, whence there is much sap- 
wood in them ; but the heart is a stronger and more durable wood than is had from larger 
trees of other countries. From Rign R great deal of timber is received under the name 
iff masts and spars : the former are usiially 70 or 80 feet in length, and from 1 8 to 25 inches 
diameter ; when of less diameter they take the latter name. Yellow deals and planks are 
imported from Stockholm, Frederickshall, Christiana, and various other parts of Sweden, 
Ru^a, Norway, and Prussia. Of the pine species the red or yellow fir is the most durable ; 
and it was said by the celebrated Brindley, that red Riga deal, or pine wood, would endure 
as long as oak in all situations. In Pontey’s Forest Fruner, on the authority of Dr. Smith, 
an instance is given cff the durability of natural-grown Scotch fir. It is therein stated, 
that some was known to have been 300 years in the roof of an old castle, and ftiat it was 
as fresh and full of sap as timber newly Impor^ from Memel, and that part of it was 
actually wrought up into new furniture. It is to be observed, that foreign timber has 
an advantage too seldom allowed to that which is grown at home, the former being alurays 
in some degree seasoned before it arrives in this coimtry, and therefore never used in so 
unseasonqd a state as the latter timber usually is. 

1 707. From its great lightness and stiffness it is superior to any other material for beams, 
Orders, joiste, rafters, and framing in general. In naval architecture it is used for masts 
ai^ varimis other parte of vessels. In joinery, both internal and external, it stands better, 
is nearly as durable as oak, and is much cheaper. 

1708. There is great variety in the colours of the different sorts of this fir : it is generally 
of a red or honey ydlow of different degrees of brightness, and consists in section of hard 
and soft circles ^temately, one part of each annual ring being soft and light coloured, the 
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other harder and dark coloured, and possessing a strong resinous taste and smell. When 
not abounding in resin it works easily. That from abroad shr inks in the log, from season- 
ing, about one thirtieth part of its width. 

1 7W. The annual rings of the best sort of this timber do not exceed one tenth of an 
inch in thickness, their dmrk parts are of a bright red colour. That from Norway is the 
finest of the sort, to which the best Riga and Memel are much inferior. The inferior timber 
of this kind, which is not so durable nor so capable of bearing strains, has thick annual 
rings, and abounds with a soft resinous matter, which is clammy and chokes the saw. Much 
of the timber of this sort is from Sweden, but it is inferior in strength mid stiffiiess. That 
which is produced in the colder climates is superior to that which is the product of warmer 
countries, the Norway timber being much harder than that of Riga, llie weight of a 
cubic foot of this fir, when seasoned, varies from 29 to 40 pounds. That of T.ngli^^h growth, 
seasoned, from 28 to 33. 

1710. Whtte Fia (Pinas a&ies), commonly called the spruce of Norway, whose 
forests produce it in abundance. This is the sort which in deals and planks is imported 
from Christiana, in which condition it is more esteemed than any other sort. The trees 
from which these are generally obtained are of 70 or 80 years* growth, and are usually cut 
into three lengths of about 12 feet each, which are sawn into deals and planks, each length 
yielding three deals or planks. Their most usual thickness is 3 inches, and they are 
generally 9 inches wide. In this country they are sold by the hundred, which in the case 
of white as well as yellow deals, contains 120 deals, be their thickness what it may, reduced 
to a standard one of an inch and a half, a width of 1 1 inches, and a length of 1 2 feet. 
What is called whole deal is an inch and a quarter thick, and slit deal is one half of that 
thickness. It unites better by means of glue than the yellow sort, is used much for interior 
work in joinery, and is very durable when in a dry state. 

1711. The colour of the spruce fir is a yellow or rather brown white, the annual ring 
consisting of two parts, one hard, the other softer. The knots are tough, but it is not difiScult 
to work. Besides the importation above named, there is a considerable quantity received 
from America. Of the Christiana fir a cubic foot weighs from 28 to 32 pounds when 
seasoned. That from America about 29 pounds; and the Norway spruce grown in 
Britain about 34 pounds. In seasoning it shrinks about a seventieth part, and after being 
purchased as dry deals at the timber yards, about one ninetieth. 

1712. Amjeeican Pikes. The Pinus Strdbusy or what is caUed the Weymouth or white 
pine, is a native of North America, imported in logs often more than 2 feet square and 
upwards of 30 feet in length. It is an useful timber, light and soft, stands the weather 
tolerably well, and is much used for masts. For joiners’ work it is useful from its clean 
straight grain. But it should not be used for large timbers, inasmuch as it is not durable, 
and is moreover very susceptible of the dry rot. Its colour is a brown yellow, and it has 
a peculiar odour. The texture is very uniform, more so, indeed, than any other of the pine 
species, and the annual rings are not very distinct. It stands well enough when well 
seasoned. A cubic foot of it weighs about 29 pounds. 

1713. The yellow pine, or Finns variabilis, is imported into England, but it is not 
much used ; it is the produce of the pine forests from New England to Georgia. 

1714. The pitch pine (resinosa\ remarkable for the quantity and fragrance of the resin 
it produces, is a native of Canada. It is brittle when dry, and, though heavy, not durable. 
It is of a much redder hue than the Scotch pine, and from its glutinous property diflBcult 
to plane. The weight of a cubic foot is 41 pounds. 

1715. The silver pine (jnced) is common in the British plantations. This species of 
timber is produced in abundance, and is much used on the Continent both for carpentry 
and ship-building. It is light and stifif, and, according to Wiebeking, lasts longer in air 
than in water. A cubic foot weighs about 26 pounds. 

1 71 6. The Chester pine (piaoster) is occasionally cultivated in the British plantations. 
It is better suited to water than exposure to the mr, and has a finer grain, but contains less 
resin, thmi the pine or silver fir. A cubic foot weighs about 26 pounds. 

1717. Larch (Pintis Larix). A timber tr^ only lately to any considerable extent 
adopted in the plantations of Great Britmn, among whose cultivators the Duke of Athol 
has been one of the most ardent and successfuL It grows straight and rapidly, is said to 
be durable in all situations, and appears to have been known and appreciated by Vitruvius, 
who r^retted the diflSculty of its transport to Rome, where, however, it was occasionally 
used. Wiebeking prefers it to the pine, pinaster, and fir, for the arches of timber bridges. 
To flooring boards and stairs, where there is much wear, it is well suited, and when oiled, 
assumes a beautiful colour, such, indeed, that when used for internal joinery, a coat of 
varnish gives it a more beautiful appearance than it could receive frum any painting. Hie 
American larches do not produce turpentine ; but the timber has been considered equal to 
the European sorts. It is of a honey yellow colour, and more difficult to work tha n the 
Riga or Memel timber, though, when obtained, the surface is better. It bears the driving 
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to and bolts, and stands well if properly seasoned. A cubic foot weighs &om 30 
of 40 pounds. . . j 

1718. PopirAiL The Populus of botanists^ whereof five species are grown in England: 
the common white poplar, tiie black, the aspen or trembling poplar, the abele or great 
white poplar, and diat of Lombardy. The wood of this tree is only fit for the flooring of 
inferior rooms where there is not much wear. Evelyn attributes to this wood the property 
of burning “ untowardt^” rather mouldering than maintaining any solid heat. Its colour is 
a yellow or brown white. The annual rings, whereof one side is a little darker than the 
other, making each year’s growth visible, are of an imiform texture. The best sorts are the 
Lombardy, the black, and the common white poplar. Of the Lombardy poplar, the weight 
of a cubic foot is about 24 pounds ; of the aspen and black poplar, 26 pounds ; and of the 
white poplar, about S3 pounds. 

1719. Alder ( Betula alnus). A tree delighting in wet places by the banks of rivers, 
and which furnished the material, says Vitruvius, for the piles whereon the whole of the 
buildings of Ravenna stand. In a dry situation it is unfit for employment, on account of 
its early rot when exposed to the weather or to mere damp, and its susceptibility of 
engendering worms. Evelyn says that it was used for the piles upon which the celebrated 
bridge of the Rialto at Venice was founded in 1591 ; but we have no certain data by which 
such assertion can be maintained. There is, however, no doubt that it may be advan- 
tageously employed in situations where it is constantly under water. 

its colour IS of a red yellow, of different shades, but nearly uniform; which latter quality 
is exhibited in its texture. 

From its softness it is easily worked, and seems adapted, therefore, for carving. In a dry 
state the weight of a cubic foot varies from 36 to 50 pounds. 

17^. Elm (^Ulmus). In Great Britain five species of this tree abound, whereof 
the Ubnus campestris, common in the woods and hedges of the southern parts of England, 
is a hard and durable wood, but is rarely used except for coffins. The XJlmui suberosoy 
or cork-barked elm, is an inferior sort, and is very common in Sussex. 

1721. The Ulmus Montana is the most common species in Europe, and particularly in 
the northern counties of England. It is more generally known by the name of the broad- 
leaved elm or wych hazel. Without enumerating the other varieties, whereof the Dutch 
elm ( Ulmus major) is good for nothing, we shall merely observe, that the Ulmus glahroy 
common in Herefordshire, Essex, and the north and north-eastern counties of England, 
grows to the largest size and is most esteemed, whilst the Dutch dm is the worst. The elm 
is a durable timber when constantly wet, as a proof whereof we have only to mention that 
it was used for the piles on which the old London Bridge stood. Indeed, its durability 
under water is well known ; but for the general purposes of building it is of little value, 
and it rarely &lls to the lot of the architect to be obliged to use it. 

1722. The colour of the heart- wood is darker than that of oak, and of a redder brown. 
Die sapwood is of yellow or brown-white colour. It is porous, cross and coarse grained, 
has a peculiar smell, twists and warps very much in drying, and shrinks considerably in 
breadth and length. Though difficult to work, it bears the driving of bolts and nails 
better than most other sorts of timber. The weight of a cubic foot, when dry, varies from 
36 to 48, seasoned from 37 to 50 pounds. From experiment it seems that in seasoning 
it shrinks one forty-fourth part of its width. 

1723. Ash (^Fraxinus excelsior). This, the most valuable of the genus, is common 
throughout Eurcqie and the northern parts of A^. It grows rapidly, and of it the young 
is more valuable than the old wood. It is much affected by the difference of the soils in 
which it grows. It will not endure when subject to alternations of damp and moisture, 
though sufficiently durable when constantly in a dry situation. Its pores, if cut in the 
spring, are of a radish colour, and it is improved by water-seasoning. Evelyn says, that 
when felled in full sap, the worm soon takes to it ; and therefore recommends its being 
felled in the months from November to February. The texture is compact and porous, 
the impact side M the annual ring being dark in colour, whence the ann uft] rings are 
distinct. The general colour is brown, resembling that of oak ; but it is more veined* 
find Hie v&ns darker than those of oak. The timber of the young tree is a white, ap- 
proaching brown, with a greenish hue. It has no peculiar taste or smell, is difficult to 
work, and is too flexible for use in building, beside the important want of the character of 
durability. The weight of a cubic foot varies from 35 to 52 pounds; and it is to be 
observed, when tire weight is much less than 45 pounds the timber is that of an old tree, 

1724. Sycamore {Acer pseudo-platanus), usually called the plane tr^ in the northem 
part of the idand, is common in Britain and on the mountains of Germany. It is rapid 
in growth, and the wood is durable when it escapes the worm, to which it is quite as liable 
as beech. The use of it in buildings is not common, but for furniture it is viuable. The 
ctdour is a brown white, yellowish, and sometimes inclining to white. Texture uniform • 
annuid indistinct. It is not so hard as beech, brittle, and generally easy to work. 
A cubic foot, when seasoned, weighs from 34 to 42 pounds. Ware says that there are old 
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houses in this country floored with sycamore and wainscotted with poplar. It seems well 
enough calculated for floors. 

1 725. Birch. Bettda alba, or common birch, is a species of alder, to which article the 
reader is referred. (1719.) * 

17^. Mahogany (^Mahagoni) has only three known ^ecies. That used (^Steieteaia) in 
England is a native of the West Indies, and the country round the Bay of Honduras in 
America. It was formerly abundant in the low lands of Jamaica, but is only found there, 
at present, on high hills and places difficult of access. It succeeds in most soils, though 
it varies in quality according to their natures. In rocky situations, though it does not 
attain so great a size, it is harder, weightier, of a closer grain, and more beautifully va- 
negated than in low rich lands, whereon it is produced more porous, of paler colour, and 
of more open grain. It grows straight and lofty, and when full grown reach^ a diameter 
of 5 feet. The flowers are of a red or saffron colour, and the fruit about the size of a 
turkey’s egg. The wood is extremely hard, takes a flne polish, and is admirably adapted 
to articles of furniture. The expense of it in this country confines its use in building to 
doors, handrails of stairs, &c. ; but in Jamaica it has been frequently used for floors, joists, 
rafters, shingles, &c. ; and, indeed, ships have been built of it ; for which last purpose, the 
circumstance of its allowing the shot to be buried without splintering makes it peculiarly 
suitable. 

1727. The first use to which it was applied in this country was by a Mr. Wollaston 
in the ignoble service of a candle-box for a Dr. Gibbons, at the beginning of the last cen- 
tury (1724). With its appearance the doctor was so much pleased that he had a bureau 
afterwards made of it. 

1728. The variety called Spanish mahogany, and imported from Cuba, Jamaica, Hi- 
spaniola, and other West India islands, comes in logs seldom more than 26 inches square, and 
about 10 or 12 feet in length, and is harder and closer grained than that from the Bay of 
Honduras, from which it may be distinguished, before it is oiled, by being of a lighter 
colour, and as if its pores were filled with a chalky matter. The Honduras mahogany has 
been latterly imported in logs of very large dimensions ; we have ourselves seen one in the 
West India Docks which was 5 feet square, and upwards of 1 5 feet long. Its grain is very 
open generally, and often irregular, with black or grey spots. The veins are l^utiful and 
of great variety. The best sort is that which is freest from grey specks and of a fine 
golden colour. It is held firmly with glue, perhaps, indeed, better than any other wood. 
A cubic foot of the best Jamaica mahogany weighs about 54 pounds ; of Honduras, about 
38 pounds. 

1729. The teak and the African oak have latterly been imported into this country in 
considerable quantities. They are extremely hard and tough; but we do not, from the 
Impossibility of their general use here, think it necessary to enter iuto any description of 
them. The following table, extracted from Rondelet’s work, exhibits the mean heights of 
several sorts of trees, that of their trunks, their specific gravities and weight per cubic 
foot ; in which latter column will be found some small differences from those already 
given, which may be accoimted for from the variation in the qualities of the timber on which 
experiments were made. 


Name of Tree. 

Mean Height 
in English 
Feet. 

Mean Height 
of Trunk in 
English Feet. 

Diameter of 
Trunk in En- 
glish Inches. 

Specific 

Gravity. 

Weight of 
Cubic Foot in 
lbs. averd. 

Acacia ... 

26-65 

12-79 

10-66 

789 

47-74 

Alder _ - - 

79-95 

44-77 

29-85 

655 

39-74 

Almond tree 

38 '28 

22*38 

14-92 

1102 

66-74 

Ash - - - - 

63-96 

38*37 

23-45 

787 

47-52 

Beech ... 

76-72 

44-77 

27-72 

720 

43-63 

Birch, common 

86-34 

47-97 

31-98 

702 

42-55 

Box ... 

28-78 

15-99 

10-66 

919 

55-55 

Cedar of Lebanon 

95-94 

51*16 

39-44 

603 

36-50 

’Chataignier (wild chesnut) - 

76-72 

44-77 

27-71 

685 

41-47 

Chesnut (sweet) Marronnier - 

76-72 

44-77 

27-71 

720 

43-73 

Cypress (pyramidal) - 

76-72 

38-37 

27-71 

655 

39-74 

Ebony of the Alps - 

31-98 

19-18 

11-73 

1054 

63-72 

Elm - - - - 

76-72 

44-77 

31-98 

738 

42-00 

Fir - 

102-32 

57-56 

46-90 

542 

31-92 

Linden - - _ 

57-56 

31-98 

26-65 

564 

34-13 

Oak (conunon of Canada) 

95-94 

57-56 

35-18 

842 

51-18 

Oak (red of Virginia) 

86-34 

47-97 

31-98 

587 

35-42 

Oak (common) 

86-34 

44-77 

31-98 

905 

54-69 


I i 4 
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Name of Tree. 

Mean Height 
in English 
Feet.- 

Mean Height 
of Trunk in 
English Feet. 

Diameter of 
Trunk in En- 
glish Inches. 

Specific 

Gravity. 

Weight <rf 
Cubic Foot in 
lbs. averd. 

Fine (northern) 

86-34 

47-97 

35-18 

612 

37-17 

Plane ... 

79-75 

44-77 

29-85 

622 

37-58 

Poplar of Italy 

79-95 

47-97 

31-98 

415 

24-25 

Service tree (Cormier) 

47-97 

25-58 

18-12 

911 

55-07 

Sycamore - - - 

63-96 

31*98 

28-78 

645 

38*88 

Walnut 

57-56 

47-97 

36-24 

680 

41-04 

Walnut (of America) 

63-96 

31-98 

38-37 

735 

41*90 

Yew ... 

28-78 

15-99 

10-66 

778 

47-09 


1730. The preservation of timber, the prevention of decay, and the causes of decay, will 
require from us a succinct notice ; and we shall commence by placing before ilie read^ the 
observa^ons on the subject from the celebrated and venerat^ Evelyn, though perhaps at 
the risk of repetition in what follows. As King Henry V. is made by Shakspeare to say 
of Fluellen, “ Though it appear a little out of fashion, tliere is much care in this ” author. 

1731. “ lay up your timbers very dry, in an airy place, yet out of the wind or sun, and 
not standing very upright, but lying along, one piece upon another, interposing some short 
blocks between them, to preserve them from a certain mouldiness which they usually con- 
tract while they sweat, and which frequently produces a kind of fungus, especially if there 
be any sappy parte remaining. 

1732. “ &me there are yet who keep their timber as moist as they can by submerging 
it in water, where they let it imbibe, to hinder the cleaving ; and this is good in fir, borii 
for the better stripping and seasoning ; yea, not only in fir, but other timber. Lay, there- 
fore, your boards a fortnight in the water (if running the better, as at some m^-pond 
head) ; and there, setting them upright in the sun and wind, so as it may freely pass through 
them (especi^y during the heats of summer, which is the time of finishing buildings), 
turn them daily ; and thus treated, even newly sawn boards will floor far better than many 
years’ dry seasoning, as they call it. But, to prevent all possible accidents, when you lay 
your doors, let the joints be shot, fitted, and tacked down only for the first year, nailing 
them for gjood and ^ the next ; and by this means they will lie staunch, close, and with- 
out shrinking in the le^ as if they were all one piece. And upon this occasion I am to 
add an observation, which may prove of no small use to builders, that if one take up deal 
bo^ds that may have lain in the floor a hundred yeare, and shoot them [plane their edges] 
again, they wiU certainly shrink (fo/ies quoties} without the former method. Amongst 
wheelwrights the water seasoning is of especial regard, and in such esteem amongst some, 
that I am assured the Venetians, for their provision in the arsenal, lay their oak some 
years in water before they employ it. Indeed, the Turks not only fell at all times of the 
year, without any regard to the season, but employ their timber green and uns e ason e d ; 
so that though they have excellent oak, it decays in a short time, by this only neglect. 

1733. “ £^m felled ever so green, for sudden use, if plunged four or five days in water 
(eq>eciaUy salt water), obtrins an admirable seasoning, and may immediately be used. 
I the oftener insist on this water seasoning, not only as a remedy against the worm, but 
for its efficacy against warping and distortions of timber, whether used within or exp<^ed 
to the aix. Some, agrin, commend burying in the earth ; others in wheat ; and there 
be seasonings of the fire, as for the scorching and hardening of piles, which are to stand 
either in the water or in the earth. 

1734. “ When wood is charred it becomes incorruptible ; for which reason, when we 
wish to preserve piles from decay, they should be charred on their outside. Oak posts 
used in enclosures always decay about two inches above and below the surfoce. Charring 
that part would probably add several years to the duration of the wood, for that to 
timber it contributes its duration. Thus do all the elements contribute to the art of 


1735. “ Timber which is cleft is nothing so obnoxious to reft and cleave as what is 
hewn ; nor that which is squared as what is round : and therefore, where use is to 
made huge and massy columns, let them be bored through from end to end. It is an 
excellent preservative from splitting, and not unphilosophical ; though to cure the accident 
pmnter’s putty is recommended ; ^so the rubbing them over with a wax cloth is good ■ 
or before it be converted the smeari^ the timber over with cow-dung, which prevems the 
4 ^&Cts both of sun and mr upon it, if of necesrity it must lie exposed. But, besides the 
lohnerlteedies, I find this for the closing of the chops and clefts of green timber to 
anoint and supple it with the fet of powdered beef broth [we do not quite agree with our 
imtiKff here3» which it must be well soaked, and the 

dipped into it. This to be twice done over. ponges 
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1736. “ We .^ake before of squaring ; and I would now recommend the quartering of 
such trees as will allow useful and competent scantlings to be of much more durableness 
and effect for strength, than where (as custom is and for want of observation) whole beams 
and timbers are applied in ships or houses, with slab and all about them, upon &lse suppo> 
sitions of strength beyond these quarters. 

1737. ** Timber that you have occasion to lay in mortar, or which is in any part con* 
tiguous to lime, as doors, window cases, groundinls, and the extremities a( beams, &c., 
have sometimes been capped with molten pitch, as a marvellous preserver of it firom the 
burning and destructive effects of the lime ; but it has since been found rather to heat and 
decay them, by hindering the transudation which those parts require ; better supplied with 
loam, or strewings of brick>dust or pieces of boards ; some leave a small hole for the air. 
But though lime be so destructive, whilst timber thus lies dry, it seems they min^e it 
with hmr to keep the worm out of ships, which they sheathe for southern voyages, though 
it is held much to retard their course. 

1738. ** For all uses, that timber is esteemed the best which is the most ponderous ami 
which, lying long, makes the deepest impression in the earth, or in the water being floated ; 
also what is without knots, yet firm and free from sap, which is that fetty, whiter, and 
softer part called by the ancients albumen^ which you are diligently to hew away. My 
L<ord Bacon (Exper. 658.) recommends for trial of a sound or knotty piece of timber, to 
cause one to speak at one of the extremes to his companion listening at the other ; for if it 
be knotty, the sound, says he, will come abrupt.” 

PRESERVATION OF TIMBER. 

1 739. The preservation of timber, when employed in a building, is the first and most im- 
portant consideration. Wherever it is expos^ to the alternations of dryness and moisture 
the protection of its surface from either of those actions is the principal object, or, in other 
words, the application of some substance or medium to it which is imperviable to moisture j 
hut all timber should be perfectly dry before the use of the medium. In Holland the ap- 
plication of a mixture of pitch and tar, whereon are strewn pounded shells, with a mixture 
of sea sand, is general ; and with this, or small and sifted beaten scales from a blacksmith^ 
forge, to their drawbridges, sluices, and gates, and other works, they are admirably pro- 
tei^ed from the effects of the seasons. Semple, in his work on aquatic building, recom* 
m^ds, that “ after your work is tried up, or even put together, lay it on the ground, with 
stones or bricks under it to about a foot high, and bum wood (which is the best firing for 
the purpose) under it, till you thoroughly heat, and even scorch it all over ; then, whilst the 
wood is hot, rub it over plentifully with linseed oil and tar, in equal parts, and well boiled 
t<^ether, and let it be kept boiling while you are using it ; and this will immediately 
strike and sink (if the wood be tolerably seasoned) one inch or more into the wood, close 
all the pores, and make it become exceeding hard and durable, either under or over water.** 
Semple evidently supposes the wood to have been previously well seasoned. 

1 740. Chapman (on the preservation of timber) recommends a mixture of sub-sulphate 
of iron, which is obtained in the refuse of copperas pans, ground up with some cheap oil, 
and made sufficiratly fluid with coal-tar oil, wherein pitch has been infused and mixeiL 

1741. For common purposes, what is called sajiding^ that is, the strewing upon the 
p^ting of timber, before the pednt dries, particles of fine sand, is very useful in the pre- 
servation of timber. 

1742. Agmnst worms we believe nothing to be more efficacious than the saturation ox 
timber with any of the oils ; a process which destroys the insect if already in the wood, with 
that of turpentine especially, and prevents the liability to attack from it. Evelyn recom- 
mrads nitric acid, that is, sulphur immersed in aquafortis and distilled, as an effectual ap- 
plication. Corrosive sublimate, lately introduced under Kyan’s patent, has long been 
known as an effectual remedy against the worm. Its poisonous qu^ties of course destroy 
^ animal life with which it comes in contact ; and we believe that our readers who are 
mterested in preserving the timbers of their dwellings may use a solution of it without 
infringing the rights of the patentee. But the best remedy against rot and worms is a 
thorough introduction of air to the timbers of a building, their lying as dry and as free 
from moisture as practicable. Air holes firom the outside should applied as much as 
possible, and the ends of timbers should not, if it can be avoided, be bedded up close all 
round them. This practice is, moreover, advisalfle in another respect, that of being able, 
without injury to a building, to splice the ends of the timbers should they become decayed, 
without involving the rebuilding of the frbric ; a facility of no mean consideration. 

1743. The worm is so destructive to timber, both in and out of water, that we shall not 
apologise for closing this part of our observations with Smeaton’s remarks upon a ^ecies of 
worm which he found in Bridlington piers. « This worm appears as a small white soft 
substance, much like a maggot ; so small as imt to be seen distinctly without a magnifying 
gla^ and even then a distinction of its parts is not easily made oat. It does not attempt 
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to its way throu^ tiie wood longitudiBally, or along the gr^, as is the case with 
tiie ecmimon ship worm, but directly, or obliquely, inward. Neither does it appear to make 
itoway by means o£ any hard tools or instruments, but rather by some species of dissolvent 
liquor furnished by the juices of the animal it^l£ The rate of progressicm is, that a three 
inch oak plank will be destroyed in eight years by action firom the outside only.” For re- 
using the effects of these worms, Smeaton recommends the piles to be squared, to be fitted 
as closely as possible together, and to fill ail openings with tar and o^^um, to make the 
£ice smooth, and cover it with sheathing. 

1744. The destructive effects of the white ant are so little known here, that it is unne- 
cessary to make further mention of them, than that in India they are the most inveterate 

with which timber has to contend. From Voung^s Annc^ we extract the following 
curious statement of experiments made upon inch and a half plonks, from trees of thirty to 
fiirty-five years* growth, after an exposure of ten years to the weather. 

Ce<W was perfectly sound. Chesnut, very sound. 

Ijarch, sap quite decayed, but the heart, Abele, sound, 
sound Beech, ditto. 

Spruce fir, sound. Walnut, decayed. 

Silver fir, in decay. Sycamore, considerably decayed. 

Scotch fir, much decayed. Birch, worthless. 

Pinaster, in a perfectly rotten state. 

Whence we may be led to some inference of the value of different sorts of timber in 
resisting weather ; though we must not be altogether guided by the above table, inasmuch 
as it is well known that the soil on which timber is grown much increases or deteriorates 
its valu^ and that split timber is more durable and stronger than that which is sawn, from 
the circumstance of the fibres, on account of their continuity, resisting by means of 
their longitudinal strength ; whereas when severed by the saw, the resistance depends more 
on the lateral cohesion of the fibres. Hence whole trees are invariably stronger than spe> 
cimens, unless these be particularly well selected, and of a straight and even grain ; but in 
practice the results of experiments are on this account the more usefiiL 

DECAY or TIMBER. 

1 745. If timber, whatever its species, be well seasoned, and be not exposed to alternate 

dryness and moisture, its durability is great, though from time it is known to lose its 
el^ic and cohesive powers, and to become brittle if constantly dry. On this account it 
is unfit, after a certain period, to be subjected to variable strains : however, in a quiescent 
state it might endure for centuries. Pryness will, if carried to excess, produce this cate- 
gory. The mere moisture it absorbs from the air in dry weather is not sufficient to impair 
its durability. So, also, timber continually exposed to moisture is found to retain for a 
very long period its pristine strength. Heat with moisture is extremely injurious to it, 
and is in most cases productive of rot, whereof two kinds are the curse of the builder, the 
wet and the drg rot, though perhaps there be but little difference between the two. They 
appear to be produced by the same causes, excepting that the fireedom of evaporation de- 
termines the former, and an imperfect evaporation the latter. In both cases the timber is 
affected by a fongus-like parasite, beginning with a species of mildew ; but how this fungus 
is generated is still a vexata qwestio ; all we know is, that its vegetation is so rapid, that 
oft^ it has arrived at its height, a building is ruined. From our inquiries on the 

Continent, we believe the disease does not occur to the extent that it does in this country ; a 
foot which we are inclined, perhaps erroneously, to attribute to the use of the timber of the 
country, instead imported timber. Our opinion may be fonciful, but there are many 
ground on which we think tlat is not altogether the case. Our notion is, that our im- 
ported timber is infected with the seeds of decay long before its arrival here (we ^eak of 
fir more e^>eeially), mid that the comparative warmth and moisture of the climate bring 
more effectually the causes of decay into action, especially where the situation is close and 
confined. Warmth is, doubtless, known to be a great agent in the dry rot, and most espe- 
cially when moisture co-operates with it, for in warm cellars and other close and confined 
tituations, where the vapoUr which feeds the disease is not altered by a constant change 
of air, the timbers are soon destroyed, and become p^ectly decomposed. 

1746. The lim^ and more especially the damp brickwork, which receive the timbers of 
a new building, are great causes of decay to the ends of them ; but we do not think that the 
regulations of the 19 Car. II. cap. 3., which directed the builders, after the fire of London, 
to bed the ends of their girders and joiste in loam instead of mortar, would, if followed out 
in the i^Ksmit day, be at all effective in preventing the decay incident to the ends of 
tindtors. Timber, in a perfectly dry state, does not appear to be injured by dry lime ; and, 
indeed, lime is kxuiwn to be efifectu^ in the protection of wood against worms. 

1747. Nothing is mmre injurious to the floors of a building than covering them with 
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p^ted floorcloth, which entirely prevents the access of atmospheric air, whence the damp- 
ness of the boards never evaporates ; and it is well known that oak and fir posts have been 
brought into premature decay by painting them before their moisture had evaporated ; 
whilst in the timber and pewing of old churches, which have never been painted, we see 
them sound after the lapse of centuries. Semple, in his Treatise on Building in Water 
notices an instance of some field gates made of the fir of the place, part whereof near the 
mansion, were painted, and had become rotten, while those more distant from the Tn^Ti sifmj 
which had never been painted, were quite sound. 


PREVENTION OP DECAY. 

1748. After timber is felled, the best method of preventing decay is the immediate re- 
moval of it to a dry situation, where it should be stacked in such a manner as to secure 
a free circulation of air roimd it, but without exposure to the sun and wind, and it should 
be rough squared as soon as possible. When thoroughly seasoned before cutting it into 
scantlings, it is l^s liable to warp and twist in drying. The ground about its place of de- 
posit should be dry and perfectly drained, so that no vegetation may rise on it. Hence 
a timber yard should be strewed with ashes, or the scales from a foundry or forge, which 
supply an admirable antidote to aU vegetation. It is thought that the more gradually 
timber is seasoned the greater its durability ; and, as a general rule, it may be stated, that 
it should not be used till a period of at least two years from its being felled, and for joiners’ 
work at least four years. Much, however, is dependent on the size of the pieces. By som^ 
water seasoning has been recommended ; by others, the steaming and boiling it ; smoke-dry- 
ing, charring, and scorching have also been recommended. T^e latter is, perhaps, the best 
for piles and other pieces that are to stand in the water or in the ground. It was practised 
by the ancients, and is still in use generally for the posts of park paling and the like. 

1749. In Norway the deal planks are seasoned by laying them in salt water for three or 
four days, when newly sawed, and then drying them in the sun, a process which is con- 
sidered to be attended with advantage ; but it does not prevent their shrinking. Mr. Evelyn 
recommends the water seasoning for fir, but we incline to think that gradual dry 

is the best method. 

1 750. Notwithstanding, however, all care in seasoning, when timber is employed in a 
damp situation it soon decays ; and one of the principal remedies against that is good 
drainage, without which no precautions will avail. It is most important to take care that 
earth should not lie in contact with the walls of a building, for the damp is quickly com- 
municated, in that case, by their means to the ends of timbers, and rot soon follows. No 
expedient to guard against this contingency is so good as what are called air or dry drains, 
which are areas formed by thin walls round the building, with apertures in the paving 
laid between them and the principal walls, so as to afford a constant current of fresh air. 

1 751. When the carcass of a building is complete, it should be left as long as possible 
to dry, and to allow to the timbers what may be called a second seasoning. The modem 
practice of finishing buildings in the quickest possible period, has contributed more to dry 
rot than perhaps any other cause ; and for this the architect has been blamed instead of his 
employer, whose object is generally to realize letting or to enjoy occupation of them as 
early as possible. After, however, the walls and timbers of a building are once thoroughly 
dry, all means should be employed to exclude a fresh accession of moisture, and d^ay be- 
comes then prejudiciaL 

1752. We have before noticed corrosive sublimate in solution as a wash useful in the 
prevention of decay, and have also ourselves found that a weak solution of vitriolic acid 
with water will generally stop the rot if it have not gone too far. But it is extremely diffi- 
cult to prevent the spreading of the fungus of the dry rot after it has once commenced ; and 
the precautions indicated above, although not always successful, are better than the being 
reduced to after remedies. Certain, however, it is, that the washes we have named will 
often prevent the infection from spreading. Pyrolicbnous acid has rwently been recom- 
mended, and, we think, very usefully, as a remedy for preventing the spreading of Uie 
disease. 

CURE OF ROT. 

1753. It is no easy matter to cure the rot where it has once taken root If it be found 
necessary to substitute new timbers for old ones, every particle of the fungus must be re- 
moved from the neighbourhood of such new timbers. After scraping it from the adjoining 
walls and timbers, perhaps no better application than one of the washes above mentioned 
can be employed, inasmuch as they can always be with safety applied to the parts. An 
extraordinary degree of heat would effect the same purpose, but this, especially in the case 
of floors, is ffifficult in application. Coal tar has been found useful, but its extremely un- 
pleasant odour is an objection. 
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1 754. Iron is a metal found in almost all parts of the world, and though not mentioned 
by Homer, and hence, we may suppose, in his time extremely scarce, it is now more abun- 
dant than any of the other metals, and is, at the same time, the most usefod. Although, with 
the exception of tin, it is the lightest of all metals ; yet it is, when pure, very malleable and 
extremely hard. Its malleability is increased by heat, whereas most other metals, as they 
are heat^ become more brittle. It is the only Vnown substance whereon the loadstone 
acts, and its specific gravity to water is as 7632 to 1000. 

1755. The iron manufoctured in Great Britiun is obtained from three species of the ore. 
The Lancashire, which is very heavy, fibrous in texture, and of a dark purple colour in- 

€ ing to black, and lodged in veins. The Bog ore, which has the appearance of a deep 
ow clay, and is found in strata of from twelve to twenty inches in thickness. And 
ly. Iron stones, of an irregular shape, frequently in beds of large extent, s imilar to other 
stony masses, and often intersected with seams of pit coaL It is principally from the ar^- 
laceous ore or clay iron-stone that iron is extracted in this country. 

1756. After rinsing, the ores are selected and separated as much as possible from hetero- 
geneous substances. They are then roasted in large heaps in the open air, for the purpose 
nKwell of freeing them from the arsenic and sulphur they contain as to render them friable 
'ilir easy of reduction to a powder. The roasting is performed by means of bituminous 
coal, and the result is a substance full of fissures, friable, and a deprivation of all vitreous 
lustre. After this it is transferred tp the crushing mUl for complete pulverization, 
whence it is carried to the smelting furnace for conversion into iron. Herein it undergoes 
two separate processes ; first, the reduction of the oxide to a metallic state ; second, the 
separation of the earthy particles in the form of scoria. These operations are conducted by 
submitting the ore, ordinarily mixed with certain fluxes, to the action of carbon at a very 
high temperature, in what are called blast furnaces, which vary in height from twelve to 
sixty feet, and are of the form of truncated cones, sometimes however of pyramids, 
terminating usually in cylindrical chimneys, whose internal diameter is from four to six 
feet The interior of these furnaces is usually of a cylindrical form, whose internal dia- 
meter b from four to six feet Their cavity is usually of a circular form, except at the 
crucible or hearth, where it becomes a right rectangular prism, oblong in a direction 
perpendicular to the blast orifices or tngeres of the bellows. The sides of the crucible are 
most commonly formed of ^itstone. The boshes, which are in the form of an inverted quad- 
rangular pyramid approaching a prismatic shape, are placed above the crucible, and above 
them rises the conical body of the furnace, which is lined with fire-bricks, and, in ascending, 
is contracted similarly to the narrow end of an egg, until it terminates in the chimney. The 
furnace is of course constructed in the most solid m.snner, and strengthened by iron bands 
and bars. . The bellows employed are mostly of a cylindrical form, and their pistons worked 
either by water or steam. The blast holes, which are in the upper part of the crucible, and 
frequently placed on opposite sides, but so that the two opposite currents may not impinge 
upon one another, are two in number. Openings are provided at the lower part of the 
crucible for the discharge of the metal and scoria, and are kept stopped by clay and sand 
upon the exterior when the ftimace is in operation. The reduction is commenced by gradually 
beating up the furnace until capable of being entirely filled with fuel, and then, as its 
contents begin to ank, alternate changes of ore, mingled with flux, and of charcoal and coke 
are added. The blast is now let on, and the metal in the ore, parting with its oxygen! 
flows by degrees, subsiding to the bottom of the crucible, covered with a melted stag, which 
is occasionaUy let oflf by removing the clay from one or more, if necessary, apertures in the 
crucible ; and on the tettom of the furnace becoming filled with the metal which sene- 
tally occurs after nine to twelve hours, the iron itself is discharged by one of these openines 
into a fosse of sand mixed with clay. When the iron has flow^ out the aperture is ag^ 
closed, and by this method the furnace is kept in constant action. ^ 

1757. Limestone of the best quality is employed as a flux to assist the fusion of the 
ore, which it accomplishes by vitrefying the earths wherewith it is mixed up with the oxide 
of iron. The iron when run out from the bl^ furnace in the state of cast iron is fiir 
from being in a pure state, having a coarse ^ain, and being brittle. In its conversion to 
bar iron, it undergoes one of the two following processes, as charcoal or coke may be em- 
ployed. In the former case a furnace inucb resembling a smith’s hearth is used, having a 
sloping cavity sunk from ten to twelve inches below the blast pipe. After the cavity has 
been filled with charcoal and scoria, a pig of cast iron, well covered with hot fuel, is placed 
oppo^ the blast pipe. The blast being introduced, the pig of iron lying in the very 
hottest part soon begins to melt, and runs down into the cavity below, where, being out rf 
the influence of the blast, it becomes solid, and is replaced in its former position and the 
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cavity is again filled with cham>al. It is there again fused, and so on a third time, all 
these proc^ses being accomplished in three or four hours, llie iron, thus again solid, is 
taken out, and very slightly hammered, to free it from the attached scoria ; after this it 
is returned to the furnace, in a comer whereof it is stacked, out of the action of the blast, 
and well covered with charcoal, where it remains gradually to cool until sufficiently com* 
pact to bear the or trip hammer^ which is moved by machinery, and whose weight is 
from 600 to 1 200 lbs. Thus it is beaten till the scoriae are forced ou^ when it is divided 
into several portions, which, by repeated heating and hammering, are drawn into bars, in 
which state it is ready for sale. 

1 758. Them are various methods of procuring the blast, which we think it unnecessary 
here to detail : the first, and most ancient, are by means of bellows ; the latest, which h^ 
been found in the mining districts to be a contrivance of great importance, is the placing a 
smes of vanes attached to an axis, which arc made to revolve in a box with great rapidity. 
A pipe passing from the outside of the box to the furnace conveys the air to it as the vanes 
revolve, a new portion continually entering by a hole at the axis. 

1759. The proportion of pig or cast iron from a given quantity of ore varies as the 
f^ence in the metallic contents of difterent parcels of ore and other circumstances, but 
quantity of bar obtrined ftom pig iron is not valued at more than 20 per cent. 

1 760. The other process for manufacturing bar iron, which is that chiefly employed in 
this country, is conducted in reverberatory furnaces, usually called puddling furnaces, «The 
operation begins with the fusion of the cast iron in refinery furnaces, like the one above 
described. When the iron is folly melted, a tap-hole is opened in the crucible, and 
metal and slag flow out together into a fosse covered with clay well mixed with water, 
which a coating is formed that prevents the metal from sticking to the ground. The finer 
metal forms a slab about ten feet long, three feet broad, and from two to two and a half inches 
in thickness. For the purpose of slightly oxidizing it, and to make it brittle, it is much 
sprinkled over with cold water. In this part of the process it loses in weight from 12 
to 17 percent. After this, it is broken up into pieces, and placed on the hearth of a re- 
verberatory fornace, in portions heaped up to its sides in piles which rise nearly to the 
roo^ leaving a space open in the middle to give room for puddling the metal as it flows 
down in streams. When the heat of the fornace has brought it to a pasty state, the tem- 
perature is reduced, a little water being sometimes thrown oh the melted mass. The semi- 
liquid metal is stirred up by the workman with his puddUt during which it swells, and 
parts with a large quantity of oxide of iron, which bums with a blue flame, so that the 
mass appears ignited. As it refines, the metal becomes less fusible, or, as the workmen say, 
it hog inc to drg. The puddling goes on until the whole charge assumes the form of an in- 
coherent sand, when the temperature is gradually increased to give it a red white beat, at 
which period the particles l^gin to agglutinate, and the charge, in technical language, 
works heavy. The refining is now considered finished, and the metal has only to be formed 
into balls, and condensed under the rolling cylinder. From this state it is brought into 
mtU bar iron. After this last operation, several pieces are welded together, from which it 
acquires ductility, uniformity, and cohesion. A lateral welding of four pieces together 
now follows, and the mass passes through a series of cylinders as in the first cas^ and 
becomes English bar-iron. 

1761. The lamination of iron into sheets is by a refinery fornace, with a charcoal instead 
of a coke fire. 

1762. Malleable iron is often obtained from the ores directly, by one fusion, if the me- 
tallic oxide be not too much mixed with foreign substances. It is a mode of working 
much more economical than that above described, and from the circumstance of its having 
been long known and used in Catalonia, it is known by the name of the method of the Cota-- 
Ionian forge. The frim^e employed is similar to the refiner’s forge already described. 
^Oie crucible is a kinfl of semicircular or oblong basin, eighteen inches in diameter, and 
eight or ten in depth, excavated in an area, or small elevation of masonry, eight or ten feet 
long, by five or six broad, and covered in with a chimney. The tuyere is placed five or six 
inches above the basin, inclining a little downwards, and the blast is received from a water 
blowing machine. The first step consists in expelling the water combined with the oxide, 
as well as the sulphur and arsenic when these are present. This, as usual, is done by 
roasting in the open air, after which it is reduced to a tolerably fine powder, and thrown at 
intervals by shovels-fiiU upon the charcoal fire of the forge hearth, the sides and bottom of 
the basin being previously lined with brogues (coats of pounded charcoal). It gr^ually 
sedtens and unit es into lumps more or less coherent, which finally melt and accumulate in 
the bottom of the crucible or basin. A thin slag is occasionally let off from the upper 
surfoce of the melted metal in the basin through boles which can be clos^ and opened at 
the discretuin of the workmmL. The melted iron preserve a pasty condifron owmg to the 
Iwat eommunicated from above. When a mass sufficiently great has accumulated, it is re- 
moved, put under the hammer, and forged at once. A lump, or bloom, of malleable iron 
is thus produced in the s|mce of three or four hours. Four workmen are employ^ at one 
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and by bein^ relieved every six hours, they are enabled to make 86 evrt. of iron per 
week. In ti^ Catalonian forge, 100 lbs. of iron are obtained from 300 lbs. of ore (a mix- 
ture of sparry iron, or carbonate and hemalite), and 310 lbs. of charcoal, being a produce 
ci 33 per cent. 

1763« A visdt to some of the iron districts is necessary fully to understand the processes 
we have above shortly described ; but the fotmding of iron may be well enough observed in 
tibe metropolis, though not on so large a scale as in some of the provinces. 

1764. 'fhe sand employed in casting is of a soft yellow and clammy nature, over which, 
in the mould, charcoal is strewed. Upon the sand properly prepared, the wood or metal 
models of what is intended to be east are applied to the mould, and pressed so as to leave 
their impression upon the sand. Canals are provided for the metal, when melted, to run 
through. After the frame is finished, the patterns are taken out by loosening them all 
roimd, that the sand may not ^ve way. The other half of the mould is then worked with 
the same patterns, in a similar frame, but having pins which, entering into holes that cor- 

^^'fespond to it in the other, cause the two cavities of the pattern exactly to fall on each other. 
^Phe frame thus moulded comes now under the care of the melter, who prepares it for the 
reception of the metal. 

1 765. All castings should be kept as nearly as possible of the same bulk, in order that 
the cocding may take place equably. It is of importance to prevent air bubbles in castings, 
and Ae more time there is allowed for cooling the better, because when rapidly cooled, the 
inm does not become so tough as when gradually cooled. 

1766. In making patterns for cast iron, an ^lowanee should be made of about one 
/ mghth of an inch per fdbt for the contraction of the metal in cooling. And it may be also 

requiate that the patterns should be slightly bevelled, that they may be drawn out of the 
sand without injunng the impression ; for this purpose a sixteenth of an inch in six inches 
is sufficient. 

1767. The security afforded, not only for supporting weight, but against fire, has, of late 
years, very much increased the use of it, and may in many cases entirely supersede the use 
of timber. Again, it is valuable from its being not liable to sudden decay, nor soon de- 
stroyed by wear and tear, and, above all, from its plasticity, 

1768. Soft grey cast iron is the best sort ; it yields easily to the file when the external 
crust is removed, and is slightly malleable in a cold state. It is, however, more subject to 
rust than the white cast iron, which sort is also less soluble in acids. Hence the white 
sort may be employed where hardness is necessary and brittleness not a defect. Grey cast 
iron has a granulated fracture with some metallic lustre, and is much softer and tougher 
than the white cast iron. The white cast iron in a recent fracture has a white and radiated 
appearance, indicating a crystalline structure. 

1769. The most certain test of the goodness of a piece of cast iron is by striking the edge 
with a hammer, which if it make a slight impression, denoting some degree of malleability, 
the iron is of a good quality. It is important in any casting to have the metal as uniform as 
possible, and not of different sorts, for different sorts will shrink differently, and thus will 
be caused an unequal tension among the parts of the metal, which will impair its strength : 
and, beyond this, an unevenness is produced by such mixture in the casting, for different 
sorts can never be perfectly blended together. (See 1797.) 

1770. It is well known, also, that iron varies in strength, not only in samples from dif- 
ferent frumaces, but even fi'om the same furnace and the same melting. This, however, seems 
owing to some imperfection in the casting, notwithstanding which, it is, when well mixed, 
capable of resisting the greatest stresses in mill and engine work. 

1771. The transverse strength of cast iron, as of any other body, is that power which it 
exerts in oppo^g a force acting in a direction perpendicular to its length, as in the (fese 
of beams, levers, and the like It is well known that the transverse strengths of beams, &c. 
are inversely as tiieir lengths, and directly as their breadths and the squares of their depths. 
If cylinders, that they are as the cubes of their diameters. Thus, if a beam 6 feet long, 
2 inch^ broad, and 4 inches deep, will bear 5000 lbs., another of the same scantling, and 
double the length, will only bear 2500 lbs., being inversely as the lengths. So, if a beam 
6 feet long, 2 inches broad, and 4 inches deep will support a weight of 5000 lbs., another 
beam of the same material, twice the breadth, that is, 4 inches, will support 10,000 lbs., 
that is, double, being directly as the breadths ; but a beam of the same material 6 feet long, 
2 inches broad, and 8 inches deep, will sustam 20,000 lbs., being as the squares of their 
d^tbs. From a mean of several experiments on cast iron, it may be a^um^ that tlie ulti- 
mate or breaking strength of a bar of cast iron 1 inch square and 1 foot long, loaded in the 
middle, was 2580 lbs. ; and taking one third, or 860 lbs., as the weight which will not destroy 
its elasticity, we thus obtain constants for guiding us in the ordinary computations for the 
axes of piders, beams, bressumm^^ &c. llie strmigest form of the section of a beam to 

redst a cross strain is this 2* however think it here necessary to give much 

more than the rules for finding their breadths and depths, considered as simple figures. 
The prindiples on which the rules subjoined are founded may be seen in Gregory’s Me- 
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fihamcs, and Barlow On the Strength Materials, but divested, certainly, of the refinement 
of Dr. T. Young’s Modulus of Elastieitg, and some other matters, which we cannot help 
thinking unnecessary in a subject where, after exhausting all the niceties of the question, a 
very large proportion of weight is still considered too much for the constant load to be im- 
posed on the examples. 

1772. PaoBLEH I. To find the ultimate strength of a rectangular beam of cast iron sup- 
ported at both ends, and loaded in the middle, we have only to multiply the breadth into 
the square of the depth, and that again by the constant 2580, and the last product divided 
by the length in feet will be a quotient expressing the weight in pounds averdupois, 
nearly. 

Exampla AVhat weight will break a cast iron beam 2 inches broad, 6 inches deep, and 
1 5 feet between the supports ? 

Here =12384 lbs. 

If a beam be supported at the middle and loaded at each end, it will bear the same weight 
as when supported at both ends and loaded in the middle. It may be here observed, tlmt 
the Allowing rules hold good for inclined as well as horizontal beams, if the horizontal dis- 
tance between the supports be taken for the bearing. 

1773. PaOBL*.M 2. To find the ultimate strength of a cast-iron beam when the weight is 

placed somewhere between the middle and the end. Multiply twice the length of the fonger 
end by twice the length of the shorter end, which divided by the whole length will give the 
effectual length. Using the effectual length thus found as the length in Problem 1., the 
question may be answered. ^ 

Example. What is the ultimate strength of a cast iron beam 15 feet between the 
supports, 2 inches wide, and 6 inches deep, the weight being placed at 5 feet from 
one end ? 

jjere = efiective length, and 13934 lbs. 

In the case of any beam fixed at one end and loaded at the other, it is known that it 
will bear only one fourth of the weight it will bear in the middle when supported at both 
ends. Thus for 

Example. What weight will break a cast iron beam 2 inches wide and 6 inches deep, 
projecting 15 feet from the point of support ? 

Here ^^^^^ =^-^=3096 lbs. (See Prob. 1.) 

*1774. The above rules are equally applicable to beams whose forms are cylindrical, 
except that in such case the absolute stren^h of a round bar (for which in that of cast iron 
the constant is for the breaking weight 2026, one third whereof is 675 for cast iron) is 
found by multiplying by the cube of the diameter instead of by the breadth and square of 
the depth. 

Example. What is the ultimate transverse strength of a cast iron cylinder 15 feet long 
and 6 inches diameter ? 

Here ?^?^'=37152 lbs. 

In the case of a hollow shaft of cast iron of the same length as in the last example, whose 
diameter is 9 inches, but whose cross sectional area b the same as a solid cylinder 6 inches 
diameter. 

We have V92-62 = 6*708, and 93— 6*7083 = 426*9. 

Then =73,427 lbs. 

1775. The following points relative to loads on beams are to be here noted. I. If any 

beam be fixed at both ends, when loaded in the middle, it is capable of bearing one half 
more than it will if both ends are loose. II. If loose at both ends, and the weight be 
applied uniformly along its length, it will support double. III. If it be fixed at both ends, 
and the weight be applied uniformly along its length, it is capable of bearing triple the 
weight. ^ . j j 

1776. In cases where beams of cast iron are intended to support a permanent weight, 
the application of the following problem is necessary, in which 860, or one third of the 
breaking weight, is used. 

1777. Problem III. To find the breadth or depth of beams which shall support a given 
permanent weight. The length between the supports must be multiplied by the weight to 
be supported in pounds, and the product divided by one third (860) of the ultimate strength 
of an inch bar multiplied by the square of the depth, and the quotient will be the breadth. 
If multiplied by the breadth, the quotient will be the ^uare of the depth, both in inches. 

Example. What ^ould be the breadth of a cast iron beam 15 feet long and 6 inches 
deep, to support 3 tons in the middle ? (3 tons = 6720 lbs.) 
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Here ^^==3*25 inches, foil 

Example. What depth should be given to a cast iron beam S*25 inches broad and 15 
hmg, to hear a permanent weight of 3 tons in the middle ? 

Here ^^ 3 -^ = 36 *06, whose square root is 6 inches. 

Example. Suppose a cast iron beam 15 feet long and 6 inches deep, made fast at both 
ends, to be loaded with a permanent weight of S tons in the middle, what should 
be its iMreadth? 

Here, from the last problem, f • 5 =2*17 inches. 

A beam when fixed at one end and loaded at the other is known to bear <mly one fourth 
of the weight; one quarter of the divisor must therefore be taken, or, which is the same, 
it may be multiplied by *25- 

Example. What should be the depth of a beam 3 inches broad, to project 10 feet from 
a wall, and to be loaded with a weight of 3 tons » 6720 lbs. ? 

Here = 104, whose square root =10*19 inches. 

When the weight is not placed in the middle of the beam, the effective length must be ob* 
tained as in Problem 1. 

Example. What depth should be assigned to a cast iron beam 15 feet long and 3 
inches broad, to support a weight of 3 tons =67 20 lbs., 5 feet from one end? 

Her c ii t^** = 13*33, effective length of the beam. 

And — =34‘7, whose square root 5*9 inches, nearly. 

The strength of cast iron to wrought iron is as 9 to 1 4, nearly. 

N.B. All the above rules may be applied in common practice to find the scantlings 
of beams by using the following frctors instead of that of cast iron, such (actors being the 
ultimate transverse strengths of a bar 1 inch square and 1 foot long of the difierent sorts 
of timber to which they are attached. 


Ash 

• 

- 1137, one third whereof is 379 

Pitch pine 

. 

- 916 — 305 

Oak 

. 

- 800 — 209 

Elm 

• 

- 569 — 149. 

Fir 

- 

- 566 — 148 


1778. The greatest variable load on a floor, except in public rooms, seldom exceeds 
120 lbs. to the square foot, whence the reader may form a pretty accurate notion of the 
quantity of strain against which he has to provide. 

1779. The cohesive strength of cast iron, from some of the latest experiments, was found 
in borixontal casting to be equal to 18,656 lbs. per square inch, and in vertical casting 
19,488 lbs. to the square inch. One third, therefore, of 18,656=6219 may be used as the 
fiictor in computations of the permanent cohesive strength of cast iron. In English wrought 
iron the experiment gives 55,872 lbs. for the cohesive strength per square inch of English 
wrought iron, and for Swedish, 72,064 lbs. per square inch. therefore, it be re> 
quired to find the uldinate cohesive strength of bars of cast or wrought iron, the area of 
tlmir secticHi being found, and multiplied by the relative cohesive strengths above men.* 
taoned, the product will be the ultimate cohesive strength, nearly. Thus for 

Example. What is the cohesive power of a bar of cast iron 1 J inch square? 

1 *5 X 1 '5 X 1 8656 = 41 976 lbs., nearly. 

If the weight to be sustained be given, and the sectional dimensions of the bar be re- 
quired, we must divide the weight given by one third of the cohesive strength of an inch 
bar, and the square root of the quotient will be the side of the square. 

Example. What dimension must be given to the side of a square bar of Swedish iron 
to sustain a permanent weight of 18,000 lbs., ^^^=24,021 lbs. being, as above 
fifiCTti one dj the permanent load a square inch will sustain. 

' 8 ^ or 2 of an inch square. 

If the section be rectangular, the quotient must be divided by the breadth. 

Example. If the breadth of an English wrought iron bar which is required to carry 
3000 lbs. be 2^ inches, requir^ its thickness. The permanent cohesive strength 
=^= 18624 . 

Here *161, and *161 -^2•5= *064 of an inch in thickness. 

1780. The power the resistance to compression was heretofore very much ovmrated. 
It has been well ascertained by experiment, that a force of 93,000 lbs. upon a square inch 
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will crush it; and that it will bear 15,300 upon a square inch without permanent alter- 
ation. The weight of cast and bar iron is as follows ; — > 

Weight of a cubic Weight of a cubic Weight of a cubic 

foot io ounces. foot in pounds. inch in pounds. 

Cast . - . 7207 450*5 0*260 

Bar - - - 7788 486*8 0*281 


Sect. VI. 

LEAD. 

1781. JLead, the heaviest of the metals except gold and quicksilver, is found in most 
parts of the world. It is of a bluish white when first broken, is less ductile, elastic, and 
sonorous than any of the other metals, its specific gravity being from II 300 to 1 1479, and a 
cubic foot, therefore, weighing about 710 lbs. It is soluble in all acids and alkaline solu- 
tions, fusible before ignition, and easily calcined. The ore, which is easily reduced to the 
metallic state by fusion with charcoal, is found mineralised with sulphur, with a slight 
mixture of silver and antimony, in diaphanous prlsmatical crystals, generally hexagonal, 
white, yellowish, or greenish, in Somersetshire, about the Mendip Hills. Al»ut Bristol, 
and in Cumberland, it takes the form of a white, grey, or yellowish spar, without the least 
metallic appearance ; in some places it is in a state of white powder or native ceruse ; and 
in 3Ionmouthshire it has been found native, or in a metallic state. 

1782. Exposure to air and water does not produce much alteration in lead, though it 
quickly tarnishes and acquires a white rust, by which the internal parts are defended from 
corrosion. Pure water, however, does not alter it ; hence the wliite crust on the inside of 
lead pipes through which water flows must probably be owing to some saline particles in 
the water. Lead will form an union with most other metals : one exception, however, is 
iron. Next to tin, it is the most fusible of metals. It is run from the furnace into moulds 
which form what are called pigs^ from which it is run into sheets, pipes, &c. 

1783. Sheet lead is of two sorts, cast and iniUed. The thicker sort of the former, or the 
common cast sheet lead, is manufactured by casting it on a long table (with a rising edge 
all round it) from 18 to 20 feet in length, which is covered with fine pressed sand beaten 
and smoothed down with a strike and smoother’s plane. The pig lead is melted in a large 
vessel, near this table, and is ladled into a pan of the shape of a common triangular prism, 
whose length is equal to the width of a sheet, from which pan it is poured on to the table 
or mould. Between the surface of the sand and the strike, which rides upon the edges of 
the table, a space is left which determines the thickness of the sheet. The strike bears 
away the superfluous liquid lead before it has time to cool, as it moves by hand along the 
edges of the table before mentioned. When lead is required to be cast thin, a linen cloth 
is stretched on an appropriate table over a woollen one ; in which case the heat of the lead, 
before spreading it on the cloth, must be less than will fire paper, or the cloth would be 
burnt. The strike must for the purpose be passed over it with considerable rapidity. 

1784. In manufacturing milled lead, it is usual first to cast it into sheets from 8 to 10 
feet long according to circumstances, but the width is regulated by the length of the rollers 
through which it is to be passed in milling ; the thickness varies from 2 to 5 inches. By 
a mechanical action it is made to pass through rollers w hose distance from each other is 
gradually lessened until the sheet is reduced to the required thickness. For a long time 
a great prejudice prevailed against milled sheet lead ; but it is now generally considered 
that, for the prevention of leakage, milled is far superior to cast lead, wherein pin holes, 
which have naturally formed themselves in the casting, often induce the most serious con- 
sequences. 

1785. The thickness of sheet lead varies from 5 to 12 pounds in weight to the superficial 
foot, and is used in covering large buildings, in flats or slopes, for gutters, the hips, ridges, 
and valleys of roofs, the lining of cisterns, &c. The subjoined table shows the weight of 
lead per superficial foot from one sixteenth of an inch to one inch and a half thick : — 


Thickness. 

Weight. 

Thickness. 

Weight. 

One sixteenth of an inch 

3^ lbs. 

One fourth of an inch 

14^ Ils, 

One twelfth 

5 

One third - - - 

19| 

One tenth - - - 

6 

One half . - - 

29i 

One eighth - - - 

n 

Three quarters 

44i 

One sixth - - - 

10 

One inch - - - 

59 

One fifth - - - 

12 

One inch and a half 

88^ 
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leaden pipes are either cast bent, or soldered. To cast them, a mould is made of brass, 
wherein down the middle a core of iron is loosely supported at such a distance from the 
mould all round, as is equal to the contemplated thickness of the pipe. When pipes are 
made by soldering, a core of wood is provided round which the sheet lead is rolled, and 
the edges are brought together and joined with ioldety which is a mixture of two parts 
lead and one part tin. 

1786. In cottages and inferior buildings the glazing is executed in lead prepared in the 
glazier’s mill from what are called camt&. These are slender rods 12 or 14 inches long, 
and in passing through the mill receive grooves on their upper and under edges. Into 
the grooves the panes or quarries of glass are inserted in common lead lights. 


Sect. VII. 

COPTER. 

1787. Copper, among the first of the metals employed by the early nations of the world, 
is neither scarce nor difficult to work and extract from its ore. When pure it is of a pale 
red colour, its specific gravity 8600, and a cubic foot will weigh 537 J lbs. ; the weight of a 
bar 1 foot long and 1 inch square is 3*81 lbs. These, however, vary as it is more or less 
hammered. Its elasticity and hardness are very considerable, and it is so malleable that it 
may be hammered into fine leaves. It is also very tenacious, a wire of a tenth of an inch 
in diameter being capable of sustaining 360 lbs. 

1788. Though the ore is found in Cornwall and other parts of England, the finest in 
this country is the Parys mine in Anglesej^ which yields principally the yellow sulphu- 
retted ore of copper, to an annual amount of from 40,000 to 80,000 tons. This ore usually 
contains from one and a half to twenty-five per cent, of copper, and is partly dug in what are 
called packages^ and partly blasted by gunpowder, and then broken into small pieces pre- 
vious to its being roasted. This operation is performed in kilns, whose shape has a re- 
semblance to lime-kilns, in which expedients are u-sed for removing the ore as it is roasted, 
and adding fresh ore. The kilns are arched level with the upper surface of the ore, and 
adjoining and communicating with the kiln is the fioor of a condensing chamber to receive 
the sulphureous vapours generated in the kiln, which fall down in the form of the finest 
fiowers of sulphur. Several hundred tons at one time are put into the kiln, and for com- 
pleting the operation six months are required. The ore is reduced to one fourth of its 
previous quantity by roasting, and is then washed and pressed to remove the impurities. 
The riclier ores are then dried, and removed for smelting and refining in reverberatory 
furnaces, from which it is at length produced in short bars or pigs. The water which 
filters through the fissures is often highly impregnated with sulphate of copper, and this 
water is pumped up into rectangular pits about thirty feet long, twelve broad, and two deep, 
to mix with that in which the roasted ore has been washed ; and in it are immersed pieces 
of iron, which, combining with the sulphuric acid, precipitate the copper in the form of a 
red-coloured powder slightly oxidated. The precipitate thus obtained very frequently gives 
above 50 per cent, of pure copper, and is even more profitable to the worker than the 
metal produced from the crude ore. 

1789. Sheet copper was formerly much used for its lightness to cover roofs and flats ; 
but it is almost superseded now by the use of zinc, which is much cheaper, and nearly if 
not quite as durable ; and which, moreover, is not so liable to be corrugated by the action 
of the sun. Copper is reduced to sheet by being passed through large rollers, by which it 
can be rendered very thin. The thickness generally used is from 12 to 18 ounces to the 
foot superficial. Exposed to the air its lustre is soon gone ; it assumes a tarnish of a dull 
brown colour, gradu^ly deepening by time into one of bronze ; and, lastly, it takes a green 
rust or calx, called patina by the antiquaries, which, unlike the rust of iron, does not in- 
jure and corrode the internal parts, confining itself to the surface, and rather preserving 
than destroying the metal. Hence, one of the most important applications of copper is in 
cramps for stone work, especially when they are exposed to the air. It may be here well 
to observe, that if water is collected from roofs for culinary purposes, copper must not be 
used about them, neither should any reservoirs for collecting and holding it be made of 
that metal. 

1790. Alloyed with zinc, it forms bras.s for the handles of doors, shutters, locks, drawers 
and the furniture generally of joinery. The usual proportion is one part of zinc to three 
of copper; than which it is more ftisible, and is of a fine y^ellow colour, less liable to 
tarnish from the action of the air, and so malleable and ductile that it can be beat into 
thin leaves and drawn into very fine wire. Its specific gravity is 8370, and the weight of 
a cubic foot is 523 lbs. The weight of a bar 1 foot long and 1 inch square is 3*63 U»s. 
The extremes of the highest and lowest proportions of zinc used in it are from 12 to 25 
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pet cent, of br^s. Even with the last> if well manufactured, it if quite malleable, 
^though zinc by itself scarcely yields to the hammer. The appearance of brass is fre- 
quently ^ven to other metals by washing them over with a yellow lacquer or varnish. 

2791. Copper with zinc in the proportion of one tenth to one fifth of the whole forms a 
composition called bronze or bell-metal, used in the foundery of statues, bells, cannons, &c. 
When tin forms nearly one third of the alloy, a beautiful white close-grained brittle metal 
is formed, susceptible of a very high poli^, which is used for the specula of refiecting 
telescopes. (See 17970 


Sect. VIII. 

ZINC» 

1792. Zinc is found in all quarters of the globe. In Great Britain it is abundant, 
though therein never found in a native state. It usually contains an admixture of lead 
and sulphur. When purified from these, it is of a blue light colour, between lead and tin, 
inclining to blue. The ore, after being hand-dressed to free it from foreign matter, is 
roasted, by which the sulphur of the calamine and the acid of the blende are expelled. 
The product is then washed to separate the lighter matter, and the heavy part which 
remains is mixed with one eighth of its weight of charcoal The mixture, being reduced 
in a mill to a powder, is placed in the po^ resembling oil jars, to be smelted. A tube 
passes through the bottom of each, the upper end being terminated by an open mouth 
near the top of the pot, and the lower end going through the floor of the furnace into 
water. The pots being flUed with the mixture of ore and charcoal,' an intense beat is 
applied to them by means of a furnace, by which, as the ore is reduced, the zinc is volatil- 
iz^ and escapes through the tube into the water, wherein it falls in globules, which are 
afterwards melted and cast into moulds. Thus procured, however, it is not pure, as it 
almost ui\miably contains iron, manganese, arsenic, and copper. In order to free it from 
these, it is again melted and stirred up with sulphur and &t, the former whereof combines 
with the heterogeneous metals, leaving the zinc nearly pure, and the latter preventing the 
metal from being oxidated. 

1793. Under rollers at a high temperature, zinc maybe extended into plates of great 
tenuity and elasticity, or drawn into wire. These rollers are from 2 feet 8 inches to 6 feet 
in len^h, and the original thickness of the plate subjected to them is about 1 inch. A wire, 
one tenth of an inch diameter, will support 26 pounds. If zinc be hammered at a temper- 
ature of 300^ its malleability is much increased, and it becomes capable of much bending. 
Its fracture is thin, flbrous, and of a grain similar to steel It can be drawn into wire ^ th 
of an inch in diameter, which is nearly as tenacious as that of sUver. The specific gravity 
is somewhat below 7*0, but hammering increases it to 7 '2. When heated, it enters into 
frision at a heat of about 680"^ or 700° : at a higher temperature it evaporates ; and if 
access of air be not permitted, it may be distilled over, by which process it is rendered 
purer than before, although not then perfectly pure. WTien heated red hot, with access of 
air, it takes fire, bums with an exceedingly beautiful greenish or bluish fiame, and is at 
the same time converted into the only oxide of zinc with which we are acquainted, con- 
sisting of 23'53 parts of oxygen combined with 100 of metal. 

1794. On the first introduction of zinc into this country as a material, the trades with 
which it was likely to interfere used every exertion to prevent its employment; and, indeed 
the workmen who were engaged in laying it, being chiefly tinmen, were incompetent to tb 
task of so covering roofs as to secure them from the effects of the weather. Hence, fc . 
a considerable period after its first employment, great reluctance was manifested by archi- 
tects in its introduction. A demand for it has, however, gradually increased of late, and 
the comparatively high prices of lead and copper will not entirely account for the disparity 
of consumption. In Fraz^e, in the year 1 836, the quantity consumed exceeded 1 2,000 
tons, whilst, in the same year, in England the consumption amounted only to between 
2000 and 3000 tons. 

1795. Zinc, though subject to oxidize, has this peculiarity, that the oxide does not scale 
off as that of iron, but forms a permanent coating on the metal, impervious to the action 
of the atmosphere, and rendering the use of paint wholly unnecessary. Its expansion and 
contraction is greater than those of any other metal : thus, supposing 1 *0C^ to represent 
ibe expansion of it, 1 *0019 is that of copper, and 1 *0028 that of lead; hence, in use, proper 
attention must be paid to the circumstance, or a substantial and durable covering of zinc 
will not be obtained. The method of accomplishing this is, of course, by always allowing 
plenty of play in ftie laps. 

1796. The teaiacity of zinc to lead is as 16'616 to 3*328, and to copper as 16*616 to 
22*570 ; hem^ a given substance of zinc is equal to five times the same substance in lead, 
and about three fourths of copper. The sheets in general use are 12, 14, 16, 18, and 20 
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oimees to tibe Ibot superficial $ and as 18 thickness^ of 16 ounces to the fi>ot uu half an 
indk tludcs the following show the thicknesses of the different weights : — 

' Plates or sheets of 10 ounces to the foot are 0 01736 inch thick. 

12 — 0*02083 

14 — 002430 

16 — 0 02777=a4r 

18 — 003125 

20 — 0*03472 

Hie comparative weights of the different materials used in covering buildings may be 
roughly stated as follows : 

A square of pantiling will weigh about 7^ cwt. 

plain tiling — > 144 cwt. 

slating (a mean) — 6| cwt. 

lead — 5 cwt. 

sine (15 02 .) — 1 cwt. 

And as the timbers employed, of course, are less in dimension as the weight diminishes, 
it follows that a less quantity of timber is requisite when zinc can be employed. 

1797. It is a good matenal for water-cisterns and baths, rain-water pipes,* — in ^ort, for 
almost all purposes where lead has been hitherto employed ; and latterly a method has 
been invented, by which it is formed into sash-bar for skylights and ornamental sashes; for 
which purposes, strength excepted, it is superior to iron, as not being liable to rust, and 
loosen the putty and glass. It is, in every respect, equal to copper, and not more than one 
third the cost of it. The discovery of the electro-process has now introduced the appli- 
cation of zinc to cast and wrought iron, so as to prevent its oxydation or rust ; and, we 
believe, that the tenacity of the iron is not altered by it, whilst the adhesion of the coating 
to the iron thereunder is perfect This process has been carried into use by ^Messrs. 
Elkington and Ca, and has by them been also applied to copper. 


Sect. IX. 

StATES. 

1798. Slate is a species of argillaceous stone, and is an abundant and most useful 
mineral. The slate district in England is of considerable extent. This material is so soft, 
that the human nail will slightly scratch it, and is of a bright lamellated texture. Its 
constituent parts are argyll, earth, silex, magnesia, lime, and iron ; of the two first and the 
last in considerable proportion. The building slate is the sekistus teptdaris. 

1799. The slates used about London are brought chiefly from Bangor, in Caernarvon- 
shire ; but the most esteemed is a pale blue-green slate, brought from Kendal, in West- 
morland, and called Westmorland slates. Those from Scotland are not in much repute. 
Slate quarries usually lie near the surface ; and, independent of the splitting grain, ^ong 
which they can be cleft exceedingly thin, they are mostly divided into stacks, by breakings, 
cracks, and fissures. Slate is separated from its bed, like other stones, by means of gunpowder, 
and the mass is then divided into scantlings by wedges, and, if necessary, sawn to its 
respective sizes by machinery. The blue, green, purple, and darker kinds are most 
susceptible of tlun cleavage, the lighter-coloured slates being coarser. The instruments 
used in quarrying and splitt'uig slates are slate-knives, axes, bars, and wedges. In fixing 
them on roofr the zax is used. This is an instrument made of tempered iron, about 1 6 in. 
long and 2 in. wide, like a large knife bent a little at one end, with a wooden handle at the 
other, and having a projecting piece of iron on its back, drawn to a sharp point, to make 
holes in the slates for the nails, the other side being used to chip and cut the slates to their 
required sixe, as when brought from the quarry they are not sufficiently square and 
cleaned for the slater's use. 

1 800. A fine sound texture is the most desirable among the properties of a slate * for the 

expense of slating b«ng greatly increased by the boarding whereon it is placed, if the slate 
al^orbs and retains much moisture, the boarding will soon become rotten. But a good 
slate is Tcry durable. Its goodness may be judged of by striking it as you would a piece 
of pottery, wherefifom a sonorous, clear, bell-like sound is a sign of excellence ; but many 
pieces of the slate should be tried before a conclusion can be arrived at It is thought to 
be a good sign, in hewing, it shatters before the edge of the zax. The colour, also, is 
some guide, the light blue sort imbibing and retaining moisture in a for less degree than 
the deep black-blue sort The feel of a slate is some indication of its goodness : a good 
one has a hard and^ rough feel, whilst an open absorbent slate feels smooth and greasy. 
The best method, however, of tpting the quality of slates is by the use .of water, in two 
ways. The first is, to set the pieces to be judg^ of edgewise in a tub of water, the water 
reaching above half way up the height of the pieces : if they draw water, and become wet 
to the top in ax or eight l^urs* time, they are spongy and bad ; and as the water reaches 
less up them, so are the ^eces better. The other method is, to weigh the pieces of slate, 
and note their weights. them tiien remain for twelve hours in water, id take them 
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out, wiping them dry. Hiose that on re-weighing are much heavier then they were previous 
to their immersion should be rejected. Where the character of a slate quarry is not 
previously known, experiments of these sorts should never be omitted. 

1 801 . The following comparison of the advantages of slates over tiles is given by the 
late Bishop of Llandaff. That sort of slate, other circumstances being the same, is esteemed 
the best which imbibes the least water ; for the water imbibed not only increases the 
weight of the covering, but in frosty weather, being converted into ice, swells and shivers 
the slate. This effect of frost is very sensible in tiled houses, but is scarcely felt in those 
which are slated, for good slates imbibe but little water ; though tiles, when well glazed, 
are rendered in some measure similar to slate in this respect, llie bishop took a piece of 
Westmorland slate and a piece of common tile, and weighed each of them carefully. The 
surface of each was about thirty square inches. Both the pieces were immersed in water 
about ten minutes, then taken out, and weighed as soon as they had ceased to drip. The 
tile had imbibed about a seventh part of its weight of water, and the slate had not 
imbibed a two-hundredth part of its weight ; indeed, the wetting of the slate was merely 
superficiaL He placed both the wet pieces before the fire ; in a quarter of an hour the 
slate was perfectly dry, and of the same weight as before it was put in the water ; but the 
tile had lost only about twelve grains it had imbibed, which was, as near as could be 
expected, the very same quantity that had been spread over its surface ; for it was the 
quantity which had been imbibed by the slate, the surface of which was equal to that of the 
tile, llie tile was left to dry in a room heated to sixty degrees, and it did not lose all the 
water it had imbibed in less than six days. We here subjoin a succinct account of the 
different sorts of slates brought to the London market, and enumerate them in the order of 
their goodness and value. 

1802. Westmorland slates. These are from 3 ft. 6 in. to 1 ft. in length, and from 2 ft. 6 in. 
to 1 ft. in breadth. They should be nailed with not less than sixpenny and eightpenny 
copper or zinc nails (iron nails should never be used) ; and a ton in weight of them will 
cover about two squares and a quarter. We may here observe, that the weight of the 
coarsest Westmorland slates is to that of common tiling as 36 to 54. 

1803. Welsh rags are next in goodness, and are nearly of the same sizes as those last 
mentioned ; but a ton of these will cover only one square and three quarters. 

1804. Imperials are from 2 ft. 6 in. to 1 ft. in length, and about 2 ft. wide. 

1 805. Duchesses run about 2 ft. long and 1 ft. wide, and are nailed usually so as to show 
a ten and a half inch gauge. 

1806. Ccmntessesi of which a ton will cover about three squares, run about 1 ft. 8 in. in 
length by about 10 in. in width. 

1807. Ladies are generally about 15 in. long, and about 8 in. wide. These are sold by 
the thousand of twelve hundred, which quantity will cover about four squares. 

1808. There are still other sorts of slates which have been used in and about London, 
as the Dennyhole^ &c. The Tavistock slates were at one period in considerable demand. 
They are sold by the thousand of ten hundred, which quantity covers about three squares 
and forty feet. The smallest slates in use are called Doubles: they run about 13 in. in 
length by 6 in. in width. The bond or lap of a slate is the distance between the nail of the 
under slate and the lower end of the upper slate, and, as in tiling, the gauge in slating is the 
visible depth of the slate. 

1 809. Several years ago, a patent was obtained for slating roofs without boarding or 
battens. In this the slates were all reduced to widths equal to the distance between centre 
and centre of the rafters. On the backs of these last they are screwed by two or three strong 
inch and half screws at each of their ends. Over the junctions of the slates, on the backs 
of the rafters, fillets of slates about two and a half or three inches wide, bedded in putty, 
are screwed down, to prevent the entrance of rain. The handsome regular appearance of 
this sort of slating gained it at first much celebrity ; but it was soon abandoned, on account 
of the disorder it is liable to sustain from the slightest partial settlement of the building, not 
less than from the constant dislodgeraent of the putty, upon which greatly depended its 
being impervious to rain, 

1810. Slating is sometimes laid lozengewise; but it is much less durable than when 
laid in the common method. 


Sect, X. 

BRICKS AND TILES. 

1811. A brick is a factitious sort of stone, manufactured from argillaceous or clayey 
earth, well tempered and squeezed into a mould. When so formed, bricks are stacked to 
dry in the sun, and finally burnt to a proper degree of hardness in a clamp or kiln. The 
use of bricks is of the highest antiquity. They are frequently mentioned in the historical 
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books of the Old Testament ; but whether they were merely sun-dried or burnt in a kiln 
seems uncertain. We are inclined to doubt the burning of them at a very remote period. 
It will immediately occur to the reader that the making of bricks was one of the tasks 
imposed upon the Israelites during their servitude in Egypt. Though the oldest remains 
in Egypt are of stone, Pococke describes a pyramid of unburnt bricks, which are composed 
of a black sandy earth, intermixed with pebbles and shells, the sediment deposited by the 
overflowing of the Nile. This species of bricks is still common in Egypt and many other 
parts of the East. By the ancient Greeks and Romans, both burnt and unburnt bricks 
were used ; the method of making the latter whereof is thus described by Vitruvius, in the 
third chapter of his second book : “ I shall first,” says that author, “ treat of bricks, and 
the earth of which they ought to he made. Gravelly, pebbly, and sandy clay are unfit for 
that purpose ; for if made of either of these sorts of earth, they are not only too pon- 
derous, but walls built of them, when exposed to the rain, moulder away, and are soon 
decomposed; and the straw, also, with which they are mixed, will not sufficiently bind the 
earth together, because of its rough quality. They should be made of earth, of a red or 
white chalky, or a strong sandy nature. These sorts of earth are ductile and cohesive, 
and not being heavy, bricks made of them are more easily handled in carrying up the 
work. The proper seasons for brick-making are the spring and autumn, because they 
then dry more equably. Those made in the summer solstice are defective, because the 
heat of the sun soon imparts to their external surfaces an appearance of sufficient dryness, 
whilst the internal parts of them are in a very different state ; hence, when thoroughly dry, 
they shrink and break those parts which first dried ; and thus broken, their strength is gone. 
Those are best which have been made at least two years ; for in a period less than that, 
they will not dry thoroughly, WTien plastering is laid and set hard on bricks which are 
not perfectly dry, the bricks, which w’ill naturally slirink, and consequently occupy a less 
space than the plastering, will thus leave the latter to stand of itself. From its being 
extremely thin, and not capable of supporting itself, it soon breaks to pieces ; and in its 
failure, involves sometimes even that of the wall. It is not, therefore, without reason that 
the inhabitants of Utica allow no bricks to be used in their buildings which are not at 
least five years old, and also approved by a magistrate. 

1812. “ There are three sorts of bricks: the first is that which the Greeks call Didoron 
(8t5«pov), being the sort we use ; that is one foot long and half a foot wide. The other 
two sorts are used in Grecian buildings ; one is called Pentadororiy the other Tetradorcm. 
By the word rforon, the Greeks mean a palm, because the word dwpov signifies a gift which 
can be borne in the palm of the hand. That sort, therefore, which is five palms each way, 
is called Pentadoron ; that of four palms, Tetradoron. Ibe former of these two sorts is 
used in public buildings, the latter in private ones. Each sort has half bricks made to suit 
it, so that when a wall is executed, the course on one of the faces of the wall shows sides 
of whole bricks, the other face of half bricks ; and being worked to the line on each face, 
the bricks on each bed bond alternately over the course below.” Vitruvius concludes the 
chapter with the mention of the bricks made at Calentum in Spain, at Marseilles in France, 
and Pitane in Asia, which are specifically lighter than water. 

1813. It is to be regretted that plastering with cement, a practice which is more to 
the interest of the brickmaker and bricklayer than to the consumer, has become so prevalent 
in this country. 'Phese tradesmen thus get rid of their worst bricks, which are hidden by 
a coat of plaster ; the buikiing soon decaying when the heart of the wall is bad. Colour 
seems to be the objectionable quality about this material, the commonplace architect 
forgetting that form is much more essential to beauty than colour. In the times of Jones 
and Wren, red brick was l>eautifuUy wrought into arcliitectural forms, of which a few 
examples still remain in the metropolis ; and by Palladio, bricks were used for columns 
without smearing them over with plaster. 

1814. In England, the best earth for making bricks is a clayey loam, neither abounding 

with too much sand, which renders them brittle, nor with too large a portion of argillaceous 
matter, which causes them to shrink and crack in drying. It should be dug at the least a 
year before it is wrought, that by exposure to the atmosphere it may part with ail 
extraneous matter which it possessed when first dug. The general practice is, however to 
dig it in the autumn, and allow it to remain through the winter to mellow and pulverize 
by which the operation of tempering is greatly facilitated. Upon this operation the 
quality of the brick mainly depends, and great attention should be bestowed upon perform- 
ing this part of the process in a proper mamier. This branch of the manufacture was 
formerly executed by throwing the clay into shallow pits, and subjecting it to be trodden 
by men and o.xen ; a method which has been advantageously superseded by a clay or pug- 
mill, with a horse track. ® 

1815. As soon as the clay has been thoroughly tempered by one of the methods above 
named, it is taken to the moulder's bench, where it is cut by the moulder’s assistant 
generally a woman or a lad, into pieces rather larger than the mould, which are passed on 
to the moulder, who throws it with some force into the mould, which has been previously 
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dipped in esnd. He presses it down, so tliat it may dll the whole of the cavity, striking 
off the superfluous clay with a flat wooden rule. The newly.fl)nned Brick is thra turned 
out of the mould on to a. thin board, somewhat larger than a brick, and it is r&noved by a 
boy to a latticed wheelbarrow, and conveyed, covered with fine dry sand, to riie AdcL A 
handy moulder, working fitter hours, will mould 5000 bricks. In the hacks, which 
are eight courses in height, the bricks are arrai^ed diagonally above each efther, with 
a passage between each for the circuladon of air round them. The time required for 
drying in the hacks wiU, of course, depend on the fineness of the weadier ; it U but a few 
days if the season be propitious ; and they are then turned and reset wider apart, after 
which, in about six or eight days, they are ready for the clamp or kiln. If the weather be 
rainy, the bricks in the hack must be covered with wheat or rye straw ; and as they ought 
to be thoroughly dry before removing to the clamp or kiln, a few are generally selected 
from different parts, and broken, to ascertain if the operation of drying has been well per> 
formed. The moisture arising from bricks when burning is very injurious to their 
soundness. 

1816. In Uie brickfields aboat I/ondon, bricks are mostly burnt in vhat are called damps. These are 
generally oblong in form, and their foundations are made with the driest of the bricks from the backs, or 
with common worthless bricks, called place bricks. The bricks for burning are then arranged, tier orer 
tier, to the height assigned to the clamp, according to the quantity to be burnt, and a layer of breeze or 
cinders, two or three inches deep, is plat^ between e^h course of bricks, and the whole, when built up, 
covered with a thick stratum of breeze. On the western face of the clamp a vertical fireplace is formed, 
about 3 feet in height, from which flues are driven out by arching the bricks over, so as to leave a space 
about one brick wide Thr ri** ;** a th-or-'h .nd arc filled with a mixture 

of coals, breeze, and c (>>i !> ;•& .1 s r ii ‘ ' « - • i , ■!’• i ' • 'e burnt quickly, the flues 

should not be more f'l 1.1 h I.*. ■ I'p i*? ■, !• •• ii * . •!»» i p- • be nearer than 9 feet to 

each other, and the clamp is allowed to bum slowly. It is possible, if required, to bum a clamp in a period 
of from 20 to 30 days, according to the diyness of the weather. The quantity of clay necessary to make 1000 
bricks will be somewhere about 54 cube feet, which allows about 5 feet for shrinkage in drying and burning ; 
for 1000x 8^ in. x2| in. x 4 in. =49 2 3'' 4''^. 


Tlie cost of making 1000 bricks, in the neighbourhood of London, is nearly as follows : 


Digging, wheeling, carting, &c. > • • > - - 016 

Moulding, stacking, &c. • • • • - • >0 116 

Sand, one-sixth of 2s. - - . - - - -004 

Straw for hacks - • - - - - - - 009 

Barrows, moulds, planks, &c. • - - - - 006 

Fuel 9 cwt. per 1000 • • • - - • - >0 10 6 


£1 5 1 


1817. The kilns which are used for burning bricks are usually 13 feet long, by 10 feet 6 inches in width, 
and 12 feet in height. The walls are one brick and a half thick, and incline inwards as they rise. A kiln is 
generally built to contaun 20,000 bricks at each burning. The fireplace consists of three arches, which have 
holes at top for distributing heat to the bricks. These are placed on a lattice-Uke floor, and first undergo a 
prntV art'or tw" rr three days, in order to dry them r • s • \» i tbi i Ihii* boi 

rca 'v !‘i! tii«' * . the fireplace is dammed up with V > : . ,-•!> i ('.•»./ f 'ul i‘‘', of 

I ti Ur'i'k ) !• il a ‘<1 “ ‘ other, and closed with wet brick • aii:. .'Sio it >1 roo'i. u» 

ntroauce a taggot. I'ne kiiu is then supplied with brushwood, i.i'/i . i i a' '..gir' if, .m* . ai>il i;‘i‘ f "i' im 
kindledand ke^ up until the arches assume a white appearance, :: * “i.i: • i:>irar iiie i-';) oi the 

kiln. The fire is then slackened, and the kiln gradually cooled. This process of alternately raising and 
slacking the heat of the kiln is repeated till the bricks are thoroughly burnt, which is usually accomplished 
in about eight and forty hours. 

1N18. The practice of steeping bricks in water after they have been burnt, and then again burning them, 
has been found to have the efiect of considerably improving their quality. 

1819. There are several sorts of bricks, which may be classed as follows : or marl 

stocks, stocks, place bricks, fire bricks, paving bricks, compass bricks, concave or hollow 
bricks, and Dutch or Flemish bricks. There are still other varieties ; but from their being 
now but little used, we shall pass them over. 

1820. The marl for the marl stock, which is of a bright yellowish umform colour and 
texture, is not always to be had, especially in the London districts ; in consequence of which, 
several years ago, it was discovered that chalk mixed in certain portions with loam, and 
treated in the ixsual manner, proved an excellent substitute for it. It not only was found 
to improve the colour, but to impart soundness to the brick ; and the practice is now 
generally adopted about London. At Erasworth, in Hampshire, and also at Southampton, 
ooze, or sludge, from the sea-shore, containing much saline matter, is used for a rimilar 
purp(»e : these bricks, however, have not the rich brimstone colour of the London malm 
stock, nor the regular stone-coloured hue of the Ipswich bricks. 

1821. The finest marl stocks, which are technically called ^rsfs, or cutters, are principally 
used for arches of doorways and windows, quoins, &c., for which purposes they are rubbed 
and cut to their proper dimensions and form. There is also a red cutting brick, whose 
texture is similar to the malm cutter, which must not be confounded with the red stock. 
The next best, which are chiefly used for principal fronts, are called seconds : they are not 
quite so uniform in colour, nor so bright as the last, but are, nevertheless, a hand^me and 
durable brick. 

1822. Stocks are red and grey, both sorts being equal in texture. The red sort are burnt 
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m ■ The nejf rtocks are less umform m their c<^our than seconds, and are of nther 
an ^ They are used for common fiwits, and walls. 

' or pmskings, sometimes also call^ tanddy ^ $amd hrieke, are tiiose 

be^ outermost or furthest from the fire in the clamp, or kiln, hare not 
recehrcfd sufficient heat to bum them thoroughly. They are, consequently, soft, uneren in 
texture of a red' colour. These should never be us^ in a building where durability 

is required. 

1824. Sum smd cHniers are such bricks as have been viol^tly burnt, or masses of several 
bricks run together in the clamp or kiln. 

1825. The red bricks derive their colour from the nature of the soil whereof they are 
composed, which is generally very pure. The best of them are used for cutting-bricks, 
and are called red rubbers. In old buildings they are frequently found %t in putty, and 
(dten carved into ornaments over arches, windows, doorways, &c. 

1826. Fire bricksy so called from their capability of resisting the most violent action of the 

fire, m'e of a dark red colour, and of very close texture ; they are made about 9 inches long, 
4^ inches broad, and inches thick. loam of which they are made is yellow, harsh 

to the touch, and contains a considerable portion of sand. Tlieir quality renders them 
highly serviceable in fiimaces and ovens. The greatest part of those used about London 
were formerly brought from Hedgerly, a village near Windsor, whence they obtained the 
name o£ Windsor bricks. This sort of brick is made also in various parts of Wales, whence 
they are called ffdth lump*. 

1827. Patit^ bricks are for the purpose which their name implies, and their dimensions 
are the same as those of the foregoing sort. 

1828. Con^Mtss bricks are circular on the plan, and are chiefly employed for steyninp, or 
walling round wells. 

1829. Concave or hollow bricks are made like common bricks, but hollowed on one side 
in the direction of their length, and are adapted to the construction of drains and water- 
emarses. 

1830. Dutch clinkers and Flemish bricks vary little in quality ; they are exceedingly hard, 
and are used for the paving of stables, yards, &c., though they are by some objected to, as 
being too hot for the horses’ feet The former are 6 inches long, S inches broad, and 1 inch 
riuci^ and are often laid on edge in various fanciful forms, as the herring-bone, See. 

1831. By the 17th Geo. HI. cap. 42. all bricks made for sale sh^ when burnt, be 
not less tbw 8 j inches long, 2| inches thick, and 4 inches wide. The very limitation is 
enough to prove the total disregard of the ministers of this country, at all times, to the 
advancement of the arts. It is scarcely possible to be believed that the statute still con- 
tinues in force. 

1832. Bricks laid in the summer season should be well saturated with water previous to 
laying ; and if the work be left for a day only, the walls should be as carefully covered up 
as in the winter, fi>r in hot weather the mortar sets too rapidly, and hence the necessary 
cohesion is destroyed ; an evil much aggravated by the dust constantly hanging abemt the 
bricks, more especially at that season of the year. 

1833. Three hundn^ and thirty well-burnt bricks may be generally taken as weighing 
20ewt., so that a cubic foot weighs about 125 lbs ; and it is found by experinmnt, that to 
crush a mass of solid brickwork whose section is 1 foot square, a weight of 300,000 lbs. 
averdupois must be applied. 

1^4. Tn^ which in their constituent parts partake much of the nature of bricks, 
are phtfes clay l»ked in a kiln, and used instead of slates, or other cov^ing of the roofr 
ot hoiues. The clay whereof tiles are formed will always make good bricks, though the 
converse does not h^d, from the toughness required on account of their being so much 
tiunner tiiaJi bricks. The common kinds are made of a blue clay, found in many parts 
about XiOttdon, tiiougfa mostly deeper seated than brick earth. The best season for digging 
it is in September and Octol^r, and it should then lie exposed during the winter. It may, 
however, be turned up in January, and worked in February ; and, as in brick, so in tile- 
naking, the m<ae care bestowed on beating and tempering the clay, the better will be the 
tiles. Tiles are burnt in a kiln constructed on the same principles as the brick-kiln, but 
with the additifHi of a cone, having an opening at top round the chamber of the kiln. They 
require much care in burmng. If the fire be too slack, they will not bum sufficiently 
ha^ ; 81 ^ if too rioient, they glaze, and suffer in form. 

1835* Fiain or crown tiles are such as have a rectan^lar form and plane sur&ce. They 
should be 10| inches long, inches broad, and | of an inch thick, according to the statute, 
ai^ tiiey will weigh each from 2 to 2J Ibs.^ They are manufactured with two holes in 
them, through which, by means of o^ pins, they hang upon the laths. In using all 
coverings of this spedes, one tile laps over another, or is plac^ over the upper part of the 
one immediately hdaw ; that part of the tile which then appears uncover^ is called the 
ga^ of the tifrng. in plain tiling, the gauge be inches, about 740 tiles will cover 
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18S6. Ridge roof and hip tiles are formed cylindrically, to cover the ridges of houses. 
They should be 13 inches long, and girt about 16 inches on the outside. Weight about 
5 lbs. 

1837. Gutter tiles are about the same weight and dimensions as ridge tiles, but are for 
the valleys of a roof. They are now rarely used, their place having been long since sup- 
plied by lead. 

1 838. Pan or Flemish tiles have a rectangular outline, with a surface both convex and 
concave, thus^_j^^^^jjs^^. They have no holes for pins, as plain tiles have, but are hung on 
to the laths by a knot of their own earth on their underside, nearest the ridge, formed when 
making. They are often glazed, should be 14j inches long and 10^ inches broad, and 
weigh from 5 to 5^ lbs. They are usually laid at a 10 inch gauge, and a square at that 
gauge will take 170 pan tiles. 

1839. The largest sort of paving tiles are 1 foot square and IJinch thick. The next 
size, called 10 inch tiles, are, in fact, only 9 inches square and l^inch thick. 


Sect. XI. 

LIME, SAND, WATER, AND CEMENT. 

1 840. Lime has not been found in a native state ; it is always united to an acid, as to 
the carbonic in chalk. By subjecting chalk or limestone to a red heat it is freed from the 
acid, and the lime is left in a state of purity, and is then called caustic or quicklime, which 
dissolves in 680 times its weight of water. It is not our intention here to enter into any 
account of either of the theories relative to the formation of lime, facts being of more 
importance to the architect in its employment than the refined fancies of the scientific 
chemist. The calcareous minerals are mostly distinguished by their effervescing with 
and dissolving in an acid, as also by their being easily scratched or cut with a knift. In 
respect of the lime obtained from chalk. Dr. Higgins (in his work on calcareous cements, 
Lond. 1780) says, “ It should be observed, that the difference between chalk lime and the 
lime obtained from the various limestones, chiefiy consists in the greater retention or ex* 
pulsion of the carbonic acid gas contained in them.** 

1 841. An account of the stone from which lime may be obtained in the different counties 
of England would unnecessarily extend this article ; we shall, therefore, after observing that 
the use of marble for burning to lime would be too expensive, state the varieties of lime* 
stone as, 1 . the compact ; 2 . the foliated 5 3. the fibrous ; and, 4, the peastone. The compact 
limestones are of various colours, in hues inclining to grey, yellow, blue, red, and green, 
and to a smoky sort of colour besides. It is usually found massive, often compounded with 
extraneous fossils, particularly shells. Its internal appearance is dull, the texture is com- 
pact, the fracture small, fine, and splintery ; fragments indeterminately angular, more or 
less sharp-edged ; semihard, sometimes soft, brittle, and easily frangible. Specific gravity 
vari^ from 2500 to 2700, and it is composed of lime, carlx)nic acid, and water, mostly 
with a portion of argyll and oxide of iron, and sometimes of infiammable matter. 

1 842. The foliated limestones are such as calcareous spar, statuary marble, &c. ; the 
fibrous limestones, such as satin spar ; and the pea stone, another species of spar. It may 
be remarked, that the various sorts of marble, chalk, and limestone may be divided into 
those which are nearly pure carbonate of lime, and those containing in addition from one 
twentieth to one twelfth of clay and oxide of iron. “ Though the best limestones are not 
such as contain the greatest quantity of clay, yet,” observes Mr. Smeaton, “ none have proved 
good for water building, but what, on examination of the stone, contained clay ; and though, 
he continues, “ I am very far from laying down this as an absolute criterion, yet I have 
never found any limestone containing clay in any considerable quantity, but what was good 
for water works, the proportion of clayey matter, being burnt, acting strongly as a cement ; 
and limes of this kind all ^ree in one more property, that of being of a dead frosted sur- 
face on breaking, without much appearance of shining particles. 

1 843. Among the strongest limes, and such as will set under water, those most in use 
in the metropolis and its neighbourhood are procured from Dorking, Merstham, and the 
vicinity of Guilford. The most celebrated in the West of England is the blue lias of 
Somersetshire, and in the north that about the county of Sunderland, whereof very large 
quantities are exported to Scotland. The Dorking and other limes of that part are burnt 
from a chalk formation so extremely bard that it is quarried even for the purposes of 
masonry. Those of Merstham particularly are obtained from an indurated chalk marie 
(clay and chalk) which is so hard that it partakes of the nature of stone. The known 
property of the lias formation for setting under water renders it an invaluable material in 
the hands of the architect. In the neighbourhood of Bath it Is called Bath brown lime, 
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and when prepared for cementing with metallic cement, is said to be wind slated ; that 
is, after burning, it is placed in roofed sheds open at the sides, and the atmosphere is thus 
introduced to act upon it. The colour of the lias, previous to burning, is blue ; after it has 
passed the kiln, it is of a rich brown colour. No accurate analysis of this has come to our 
knowledge ; but we have understood that specimens have been analysed, containing as much 
as 90 per cent, of carbonate of lime, the residuum probably consisting of alumen and iron. 
The magnesian limestone of Sunderland lies north- west of the red sandstone. In the vici- 
nity of South Shields, in the county of Durham, the formation becomes extensive, and is 
to be traced to the Tees below Winston Bridge, llie Whitley quarry near Callercoats has 
been described in the 4th volume of the Geological Transactions. The Sunderland lime- 
stone is of a bronze colour, and from containing inflammable matter, does not require so 
much fuel to convert it into lime. 

1 844. Before limestone is burnt it seems to possess no external character by which a 
distinction can be made between the simple and the argillo-ferruginous limestones ; what- 
ever the colour of the former, they become white when burnt, whilst the latter partake 
more or less of a slight ochrey tint. Brown lime is the most esteemed for all sorts of 
cements, whilst for common purposes, the white sorts, which are more abundant, are suffi- 
ciently useful. In England, the limestones in colour generally incline to a red or blue, 
and those which are found firm, weighty, and uniform in texture are to he preferred. 
Masses broken from large rocks and beds on the sides of bills, and those when newest taken 
and deepest dug, are most to be valued. 

1845. The process of analysing limestones is so eminently useful to all concerned in 
building, that we cannot refrain from transcribing the method used by Smeaton in his own 
words, “ I took about the quantity of five pennyweights {or a guinea’s weight) of the lime- 
stone to be tried, bruised to a coarse powder, upon which I poured cojnmon aquafortis, but 
not so much at a time as to occasion the effervescence to overtop the glass vessel in which 
the limestone was put, and added fresh aquafortis after the effervescence of the former 
quantity had ceased, till no further ebullition appeared by any addition of the acid. This 
done, and the whole being left to settle, the liquor will generally acquire a tinge of some 
transparent colour ; and if from the solution little or no sediment drops, it may be 
accounted a pure limestone (which is generally the case with white chalk and several 
others), as containing no uncalcareous matter in its composition. When this is well 
settled, pour off the water, and repeatedly add water in the same way, stirring it, and 
letting it settle till it becomes tasteless. After this, let the mud be well stirred into the 
water, and without giving it time to settle, pour off the muddy water into another vessel, 
and if there is any sand or gritty matter left behind (as will frequently be the case), this 
collected by itself will ascertain the quantity and species of sabulous matter that entered 
into the texture of the limestone. Letting, now, the muddy liquor settle, and pouring off 
the water till no more can be got without an admixture of mud, leave the rest to dry, which, 
when of the consistence of clay, or paste, is to be made into a ball, and dried for further 
examination.” 

1846. The loss of limestone by burning is about four ninths of its weight, shrinking, 
however, but little. W’ben completely burnt, it falls freely, in slaking, into powder, and 
then occupies about double its previous bulk. 

1847. There are many sorts of kilns for burning limestone, varying in form with the fuel 
employed, and the combination of the process itself with some other, such, for instance, 
as making coke, and sometimes bricks. The limestone, however, is generally burnt in kilns 
whose plans are circular and section resembling an inverted truncated cone; of late more 
frequently made spheroidal. The heat is in either case obtained from a flreplace under 
the limestone, which rests on bars, that can, when the kiln is a perpetual one, egg-formed, 
or a draw kiln, be removed, to let out the lime as it is burnt, whose deficiency, on extrac- 
tion, is supplied by fresh stone at the top of the kiln. Sod kilns are sometimes used for 
lime burning. These are formed by excavating the earth in a conical form, and then 
building up the sides as the earth may require. In using these, the limestone is laid in 
with alternate layers of fuel to the top of the kiln, and the top being covered with sods, so 
as to prevent the heat from escaping, the fire is lighted, and the process effected, llie lime 
is not removed till it is thoroughly cool. This mode is a tedious operation, and, because of 
the quantity of fuel consumed, far from economical. In the common lime-kiln, the fire is 
never suffered to go down, but as the well-burnt lime is removed, fresh lime is supplied. 
There is a species of kiln called a fiame-kiln, in which the calcination is efif^ted with peat. 
In this kiln the process of burning bricks is carried on at the same time. 

1 848. Lime burners have made the important observation, that the quantity of stone 
calcined and the quantity of fuel expended depend on the quality of the fuel- Hence the 
kiln is constructed with reference to the fuel, rather than to the nature of the stone to be 
calcined. Limestone taking an average tim^ requires burning about sixty hours to reduce 
it to lime, when the heat is strong and well regulated : but of course no general rule can be 
laid down, as different species will require different periods of time. The principal object 
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to be accomplished, is the expulsion of the carbonic acid gas which enters into its compo* 
sition. 

1 849. That lime is generally most esteemed which heats most in ^king, and slakes the 
quickest) ^iing into a fine powder. If there be among it coarse unslakeable lumps 
called core, that will not pass through the screen, either the stone has not been sufficiently 
burnt, or it originally contained extraneous matter ; which not only indicates defect in 
quality, but that it will be, as they more or less abound, more costly in use. 

1850. From the experiments of Mr. Smeaton and of Dr. Higgins, it is sufficiently proved 
that, when chalk or stone lime is equally fresh when used, the cementitious properties of 
both are nearly, if not quite, equal ; but from the circumstance of quicklime absorbing 
carbonic acid more or less in proportion as its texture is solid or spongy, so it gradually 
parts with its cementing nature, becoming at length altogether unfit for the purposes of 
mortar. Thus, though each of the sorts may be equally good, if properly burnt and quite 
fresh from the kiln, yet from the chalk lime so much more easily and rapidly taking in the 
carbonic acid than stone lime does, it is not so fit for general use ; and. Indeed, now the 
metropolis is so well supplied with the liarder chalk and stone limes, there is no excuse for 
its use, and it should in sound building be altogether banished. 

1851. The following table, from Smeaton, contains a list of the limestones he examined 
on the occasion of building the Eddystone Lighthouse. 


Species of Stone. 

Propor- 
tion of 
Clay. 

Colour cf the 
Clay. 

Reduction 
of Weight 
by burning. 

Colour of Brick made of 
such Clay. 

Aberthaw, on the coast of Gla- "j 
morganshire - - J 

3 

53 

Lead colour 

4 to 3 

Grey stock brick 

Watchet, small sea-port in So-1 


Do. 

4 to 3 

J Light colour, red- 

mersetshire - - J 

55 

dish hue. 

Barrow, Leicestershire 

ft 

Do. 

3 to 2 

Grey stock brick. 

Long Bennington, a village ini 
Lincolnshire • - J 

ft 

Do. 

* 

Dirty blue. 

Sussex Church, near Lewes ini 
Sussex - - - J 

ft 

Ash colour 

3 to 2 

Ash colour. 

Dorking in Surrey 

Berryton grey lime, near Peters- *1 

A 

Do. 

Do. 



field, Hants - -J 



Guilford, Surrey 

15 

Do. 



Sutton, Lancashire 

ft 

Brown 




1 852. In forming mortar from the lime, it must, when slaked, be passed through a sieve 
leaving only a fine powder, an operation usually performed with a quarter inch wire screen 
set at a considerable inclination to the horizon, against which the lime is thrown with a 
shovel after slaking. That which passes through is fit for use ; the core falling on that side 
of the screen against wliich the lime is thrown, being entirely rejected for the purpose in 
question, though it is an excellent material for filling in the sides of foundations under wood 
floors where they would otherwise be next the earth, and the like. The sifted or screened 
lime is next to be added to the sand, whose quantity will vary as the quality of the lime, 
of which we shall presently speak. In making mortar, there is no point so important as 
respects the manufacture itself, as the well tempering and beating up the lime with the 
sand after the water is added to them. In proportion, too, as this is effectually done, will a 
small proportion of lime suffice to make a good mortar. The best mode of tempering 
mortar is by means of a pug-mill with a horse-track similar to the clay-mills used for 
making bricks. But if such cannot be had, the mortar should be turned over repeatedly, 
and beaten with wooden beaters, until it be thoroughly mixed. That this process should 
be carefully performed, will appear of the more importance when it is considered that it 
thereby admits a greater proportion of sand, which is not only a cheaper material, but the 
presence of it renders a less quantity of water n^essary, and the mortar will consequently 
set sooner ; the work, too, will settle less ; for as lime will shrink in drying, while the sand 
mixed with it continues to occupy the same bulk, it follows that the thickness of the 
mortar beds will be less variable. It may be taken, indeed, as an axiom, that no more 
lime is necessary than will surround the particles of sand. 

1853. In most of the public works executed in Great Britain of late years, the propor- 
tion of lime to sand is as 1 to 3 ; and when the former is made from good limestone, the 
sand is by no means too much in proportion. Dr. Higgins, in his experiments, has gone so 
far as to recommend 7 parts of sand to 1 of lime, which, for mortar, is perhaps carrying the 
I>oint to the extreme. 

1854. Various additions are made to mortar, in order to increase its hardness and 
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tenacity ; such as coal and wood ashes, forge scales, roasted iron ore, puzzuolana, and the 
like. The cendre de Tmtmay is used in the low countries. This is an article procured 
from the lime-kilns bordering the Scheldt. The lime of this district contains a considerable 
portion of clay mixed with iron ; and the pit-coal with which it is burnt contains a large 
quantity of an argillaceous schist, impregnated with iron. After the lime is taken out of 
^e kilns, there remmns the cendre, about one fourth of which consists of burnt lime-dust, 
and three fourths of coal-ashes. This material is sprinkled with water to slack the lime, 
and well mixed together, and put into a proper vessel and covered over with wet earth. 
In this state it is kept for a considerable time ; and when taken out, and strongly beaten 
up for half an hour with an iron pestle in a wooden mortar or trough, it is reduced to a 
soft pasty consistence ; it is then spread out for several days in a shady place, and the opera- 
tion of beating repeated : the oftener this is done the better, except it should become 
unmanageable from being too much dried. In a few minutes, this cement, when applied 
to brick or stone, adheres so firmly that water may be immediately poured over it ; and if 
kept dry twenty-four hours, it afterwards receives no injury even from the most violent 
action of a flowing stream. 

1855. In London, a blue mortar is used for covering parts of buildings much exposed to 
the weather ; and if prepared with similar labour and attention, it might, in a great degree, 
possess the valuable properties of the mortar of the Scheldt, just mentioned. 

1 856. Common ashes mortar is made by mixing two bushels of newly slacked lime and 
three bushels of wood ashes, which, when cold, must be well beaten, in which state it is 
usually kept for a considerable time, and indeed it improves by keeping if beaten two or 
three times previous to using it. This mixture is superior to terras mortar in resisting 
the alternate effects of dryness and moisture, but not comparable with it under water. 

1857. Mr. Smeaton discovered, by a course of experiments, that the scales (grey oxide 
of iron) that fly off* under the forge hammer from red hot iron, pulverised, sifted, and mixed 
with lime, form an admirable cement, equal to puzzuolano. He found, in pursuing his 
experiments, that roasted iron ore produced an effective water cement, by using a greater 
proportion of it than either terras or puzzuolano. Equal quantities of iron scales and 
argillaceous lime, with half the quantity of each of these of sand, produced a cement in 
every respect equal to terras mortar. If pure carbonate of lime be used, equal parts of each 
of the ingredients ought to be incorporated. We do not think it necessary here to give 
any account either of Lot lot's cement, nor that proposed by Semple: neither are to be 
depended on : indeed the first, as a water cement, is of inferior utility, and very little better 
than common mortar dried before the admission of water upon it. 

1858. Sand should by all means, if possible, be procured from a running clear stream, in 
preference to that obtained from pits. It is cleaner, and not so connected with clayey or 
muddy particles. About the metropolis it is the practice to use (and an admirable ma- 
terial it is) the sand of the Thames procured from above London Bridge. This sand has 
acquired a deserved reputation among the architects and builders of the capital. It con- 
tains, however, a vast portion of heterogeneous matter, such as calcareous fossil, quartzose, 
and flint sands, particles of coal alluvium, and much iron. The sharp drift sand of the 
Thames should therefore, before mixing with the lime, be well screened and washed. 

1859. If pit sand only can be procured, it should be repeatedly washed, to free it from 
the earthy and clayey particles it contains, until it becomes bright in colour, and feels 
gritty under the fingers. When the architect is obliged to use sea sand, it must be well 
washed in fresh water untU the salt is entirely removed ; otherwise the cement for which it 
is used will never dry. 

1860. Grout, or liquid mortar, is nothing more than common mortar mixed with a suf- 
ficient quantity of water to make it fluid enough to penetrate the interstices and irregu- 
larities of the interior of brick walls, which common mortar will not reach. The mortar 
whereof it is made will bear 4 of sand to 1 of lime, but it should be thoroughly beat. It 
may be kept a little longer, whereby its quick setting will be facilitated. 

1861. Water. Dr. Higgins recommends the use of lime water for the composition of 
mortar. This, in practice, would be impossible. The water used, however, for the incor- 
poration of the lime with the sand should be soft and pure. The screened lime and sand 
being shovelled together, as little water as posrible is added, after which the fthafing and 
beating, or tempering in a pug-mill, takes pl^e. 

1862. Under this section, notice must be taken of a compound of ballast or stone chip- 
ings and lime mixed together, which has received the name of concrete, from the speedy 
concretion that takes place between the different particles whereof it is composed. If,^ 
however, gdUots or small stone chippings are used, sand in a large proportion to the lime 
must be used. The use of concrete was well known at an early period, and is by no means, 
therefore, a discovery of modem days. Wherever the soil is soft, and unequal for the re- 
ception of the foundations of a building, the introduction of concrete under them is an 
almost infollible remedy against settlement. The Thames ballast, commonly used for con- 
crete, is a mixture of sand and small stones. With this, and lime in the proportion of never 
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less than 4 to 1, and never properly exceeding 9 to 1, of stone lime, or such as is known to 
set hard in water, a mixture is made. The lime is generally used in powder, and the whole 
being shovelled together, it is wheeled in barrows to a stage over the spot where it is to be 
used, and let fall into the trench dug out for the reception of the foundation. The greater 
the height the concrete is made to &U, the sounder and stronger it becomes. It must 
always be recollected that no more lime is necessary than with the thinnest coat to surround 
the particles of the ballast, and that therefore the size of the pebbles or stones should in- 
fluence the quantity of the lime. As the ground is more or less to be trusted, the thick- 
ness of the concrete roust be regulated; when used on the best ground, a foot in thickness 
will be sufficient ; while on the worst, as many as four feet or more may be required. The 
upper surface being levelled, it is usual to lay on it a tier of Yorkshire stone landings, for the 
reception of the brick-work or mason's work : in some cases, after carrying the wall a cer- 
tain height, a second tier of landings has been introduced. W'hen the soil is watery, no 
water should be put to the concrete, but the ballast and lime merely mixed and tumbled 
in. The stones or pebbles forming a portion of the concrete should never exceed the size 
of a hen’s egg. 

1 863. The principal cements used in England are those generally known by the names of 
Parker’s, Atkinson’s, and Hamelin’s mastic. The first named, also called Roman cement, is 
manufactured principally from stone found in the Isle of Sheppey, and at Harwich, being 
septaria from the London clay, and properly classed among the limestones indigenous to this 
country. It consists of ovate or fiattish masses of argillaceous limestone arranged in nearly 
horizontal layers, chiefly found imbedded in the London clay. The substance being coated 
with a calcareous spar or sulphate of barytes, forms the basis of the cement. That now 
in use we do not think at all equal to the material originally employed. Thirty 
years ago it was possible to use it in the depth of winter ; which, we apprehend, would 
be a hazardous thing to do with the cement at present made. Whether the inferiority arise 
from adulteration, bad manufacture, or the material being worse, we cannot pretend to 
say ; we, however, do not believe that it arises from the badness of the raw material. If 
this cement be of extremely good quality, 2 parts of sand to 1 of the cement may be used. 
The cement itself is a fine impalpable powder ; yet when wetted it becomes coarse, and, 
unless mixed with great care, it will not take a good surface. When mixed with the sand 
and water, it sets very rapidly ; it is necessary, therefore, to avoid mixing much at a time, 
or a portion will be lost. The colour of this cement, when finished, is an unpleasant dark 
brown, and the surface requires frequent colouring. The great value of Parker’s cement 
is its being impervious to water almost the moment it is used ; hence it becomes highly 
serviceable on the backs of arches under streets, for the lining of cisterns, and for carrying 
up in it, or coating with it, damp walls on basement stories. It will not resist fire so well ; 
and it should therefore never be employed for setting grates, ovens, coppers, or furnaces. 

1 864. Atkinson’s cement is a good material, preferable in colour to the last named, but, 
as we think, inferior in quality. It takes a much longer time to set than Parker’s cement, 
than wliich it absorbs more moisture. It answers well enough in dry situations. 

1 865. Hamelin’s mastic cement, wliich, though patented of late years, is an invention of 
P. Loriot, a century old, is one in which the medium for mixing is oil instead of water. 
It is much more difficult to use than the other cements, and requires great experience and 
care in using. A coat of it should never exceed one quarter of an inch in thickness ; 
hence it is totally unfit for working mouldings in the solid. In the metropolis it is gene- 
rally used in a very thin coat over a rough coat of Roman cement, in which case it is 
rarely more than an eighth of an inch thick. Thus used, it not only presents a beautiful 
surface, but is extremely durable. 

1866. The stones whereof the Dutch tarras is made are found in the neighbourhood of 
Liege, and also, we believe, at Andernach on the Rhine, from the size of a pea to that of a 
middle-sized turnip. From their being brought down the rivers to Holland the cement 
has been called Dutch ; the only operation they undergo in that country is the reduc- 
tion of them to a coarse powder by means of mills. They are beaten by iron-headed 
stampers on an iron bed till they will pass through a sieve whose wires are about one 
eighth of an inch apart. This cement is sent from Holland in casks. 

1867. The Puzzdanay or terra Puteolana of the Romans, which, as well as the last-named 
cement, has been almost if not quite superseded by the introduction of the Roman 
cement, is brought from Civita Vecchia. Its name is however derived from Puzzuoli, 
where it is principally found, though produced in other parts of Italy, in the neighbour- 
hood of extinct volcanoes. It suddenly hardens when mixed with one third of its weight 
of lime and water, forming a cement more durable under water than any other. Bergman 
found 1 00 parts of it to contain 55 to 60 parts of siliceous earth, 20 of argillaceous, 5 or 
6 of calcareous, and from 1 5 to 20 of iron ; this last constituent is considered to be the 
cause of its property of hardening under water. The iron decomposes the water of the 
mortar, and thus in a very short time a new compound is formed. According to Vitruvius, 
when used for buildings in the water, 2 parts of Puzzolana were mixed with 1 of mortar. 
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Sect. XII. 

GLASS. 

1868. Glass is a combination of silex with fixed alkali, generally soda. The mixture 
when calcined receives the name of friU which, after the removal of all its impurities, is 
convened to the ftimace and melted in large pots or crucibles till the whole mass becomes 
beautifully clear, and the dross rises to the top. After being formed into the figures 
required, it is annealed or tempered by being placed in an appropriate furnace. The fine- 
ness depends on the purity and proportion of the ingredients. An extremely fine crystal 
glass is obtained from 16 parts of quartz, 8 of pure potash, 6 of calcined borax, 3 of fiake 
white, and 1 of nitre. The specific gravity of glass is about 26(X) ; of French plates, 2840 ; 
of English flint glass, 3320. Glass is extremely elastic, and less dilatable by heat than 
metallic substances. 

1 869. Crown glass is the best sort of window glass, differing from flint glass in its con- 
taining no lead nor any metallic oxide except manganese, and sometimes oxide of cobalt, 
in minute portions, for correcting the colour, and not as a flux. It is compounded of sand, 
alkali, either potash or soda, the vegetable ashes that contain the alkali, and generally a 
small portion of lime. To facilitate fusion, a small dose of arsenic is frequently added. 
Zaffre or oxide of cobalt, in the proportion of 1 ounce for 1000 pounds, is added, to correct 
the colour ; but when the sand, alkali, and lime are very fine, and no other ingredients 
are used, zaffre is not required. In London were formerly made two sorts of crown glass. 
The Ratcliffe crown glass, which was the cheapest and best, whereof 24 tables went to 
the case ; each table being 3 feet 6 inches diameter. The Lambeth glass was of a darker 
and greener colour. From the great disadvantage of manufacturing window glass where 
fuel is so dear, we have not now left a glass-house in the metropolis. Bristol and New- 
castle are now the chief seats of its manufacture. 

1870. The manufiicture of common window glass is conducted differently from that of 
flint glass articles, the object being to produce a large flat thin plate of glass, which is 
afterwards by the glazier’s diamond cut into the requisite shape. It is blown in circular 
plates, varying from 3 feet 6 inches to 4 and 5 feet diameter, and the process is as follows : 
~ The workman, having a sufficient mass of melted metal on his blow-pipe, rolls it on an 
iron plate, and then, swinging it backwards and forwards, causes it by its own gravity to 
leng^en into a cylinder, which is made and brought to the required thinness by blowing 
with a fan of breath, which persons accustomed to the work know how to manage. The 
hollow cylinder is then opened by holding it to the fire, which, expanding the air confined 
within it (the hole of the blow-pipe being stopped), bursts it at the weakest part, and 
while still soft it is opened out into a flat plate by the centrifugal force ; and being dis- 
engaged from the rod, a thick knob is left in its centre. It is then placed in a certain part 
of the furnace to undergo the process of annealing. When the table is cut for use, the 
centre part in which the knob remmns is called ^ob-glass, and is used only for the com- 
monest purposes. 

1 871. Tables are now made of-such a size that squares may be procured 33 inches by 
25, and even larger. 

1872. The three qualities of glass in common use are called best, second, and third; 
the last is of a very green hue, and only used for inferior buildings. These are all of them 
sold by the craie, at the same price, the difference being made up by varying the number 
of the tables contained in it. Thus a crate of best crown glass contains twelve tables ; of 
seconds, a crate contmns fifteen ; and of thirds, eighteen tables. 

1 873. German sheet glass was formerly much in demand here ; but the great com- 
petition that has lately grown up In the manufacture of English plate glass, which has 
be«i much lowered in price, has brought this last into very extended use ; and we seem 
likely to rival, if not surpass, the French in the manufacture of it. 

1 874. Plate glass is so called from its being cast in large sheets or plates. Its con- 
stituent parts are white sand, cleansed with purified pearl-ashes, and borax. If the metal 
should appear yellow, it is rendered pellucid by the addition, in equal small quantities, of 
man^nese and arsenic. It is cast on a large horizontal table, and all excrescences are 
pre®^ out by passing a large roller over the metal. To polish it, it is laid on a large 
horizontal block of freestone, perfectly smooth, and then a smaller piece of glass, fostened 
to a plank of wood, is passed over the other till it has received a due degree of polish. 
For the purpose of focilitating the proce^ water and sand are used, as in the polishing of 
marble ; and, lastly, Tripoli, smalt, emery, and putty, to give it lustre ; but to give it the 
finishing polish the powder of smalt is used. Except in the very largest plates, the work- 
men polish their glass by means of a plank having four wooden handles to move it, and to 
this pl^k a plate of glass is cemented. 

1875. Pliny gives the following account of the discovery of manufacturing glass, which 
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was well known in Aristotle’s time, 350 b. c. “ A merchant vsesel, laden with nitre or 
fossil alkali, being driven on the coast of Palestine, near the river Belus, the crew 
accidentally supported the kettles on which they dried their provisions on pieces of the 
fossil alkali ; the sand about it was vitretied by its union with the alkali, and produced 
glass.” Though, according to Bede, artificei^ skilled in making glass were brought into 
England in 674, glass windows were not generally used here till 1 180, and were for a con- 
siderable time esteemed marks of great magnificence. 


Sect. XIII. 

ASPHALTS. 

1876. Asphalte is a calcareous bituminous substance, latterly introduced into this 
country chiefly for pavements, which (we speak of that of Seyssel) was first discovered at 
Pyrimont, a mountain on the eastern side of the Jura, and on the right bank of the river 
Rhone, one league north of the town of Seyssel, and has obtained its name from its intimate 
combination of asphaltum and other bituminous substances with pure carbonate of lime. 
The mountain is composed of blocks of stone, which being conveyed to the places where 
intended to be used, are there reduced to powder, 90 parts whereof are placed in a 
cauldron with 10 parts of mineral pitch, and exposed for a considerable time to a heat of 
600 degrees of Fadirenheit. The substance thus obtained is used in a state of fusion, and 
in a few minutes after being laid down, it becomes so hard that it is, with a temperature of 
more than 100 degrees of Fahrenheit, susceptible of no impression. It is, however, said, 
nevertheless, to retain an elasticity, by which it adapts itself to all the action which, for its 
varied purposes, it is required to undergo. It has long been in use in the south of France, 
the footway of the Pont Moraud, a much frequented bridge, at Lyons, having been paved 
with it in 1827, and being, we believe, still in a very sound state. At Fort I’Ecluse, in the 
vicinity of the mountain, a small building covered with it has withstood the cold of forty 
Swiss v.dnters, and is said still to continue in a perfect state of repair. For the last 
fourteen years, it has been occasionally used to cover the roofs of buildings in Paris, a 
purpose to which, for many reasons, we would not recommend its application in this country, 
though for a vast number of other objects it seems admirably adapted, such as foot pave- 
ments in streets, vaults, kitcl^ns, passages, and all places where it is essential to exclude 
moisture, for bam fioors, piggeries, farm yards, and the like. 

1 877. It is said (we have had no experience of it) to form with gravel a good concrete, 
where the soil is doubtful for bearing weight, and that it may be used as a cement for 
foundations, instead of mortar. It appears fronr experience, not to be infiammable, a roof 
at Bordeaux adjoining a large house that was burnt there not having suffered, though all 
sorts of ignited materials fell upon it. 

1878. In the years 1832, 1833, and 1834, the asphalte appe.ars to have been successfully 
employed in constructing the fortifications at Vincennes, and also in the military works at 
Douay, Besan 9 on, Bourbonne les Bains, Grenoble, and Lyons. 

1879. Among the arguments used by the proprietors of the asphalte of Seyssel, here, 
where it is now, we believe, patented, over all the other sorts competing with it, are 
the following : — that the carbonate of lime and bitumen being combined in it by nature, 
it is absolutely perfect (these are their words), while in every artificial imitation the 
calcareous particles are merely enclosed by pitch ; that the chalk is, consequently, 
unaroalgamated, and the composition susceptible of the extremes of heat and cold. Another 
point of advantage whereon they insist is, that the asphalte of Seyssel consists in the large 
proportion of the calcareous matter to the bitumen, being about 83 to 17; while the 
combination effected by artificial means has never exceeded 60 of chalk to 40 of bitumen. 
The quantity, they say, of bitumen to be used should be the smallest that will hold the 
chalk in combination ; and that therefore the manufactured article contains more than it 
should, and will consequently expand in summer and contract in winter. 

1880. Making great allowances for the self-interest which the prospectus of every 
speculating company exhibits, we are, nevertheless, inclined to think that the asphalte of 
Seyssel is a valuable and important material for many building purposes, and have no 
doubt that it will be extensively used in this country. At present the price is high, as 
well from the cost of the material itself as from the necessity of procuring a solid foundation 
of concrete, or some other substance, wiiereon to lay it securely. There are several spots 
in the metropolis, as at Whitehall, for instance, where it has been used for foot pavements ; 
but for other purposes we must abstain from recommending its application until experience 
shall justify the architect in its employment 
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USE OF MATERIALS. 


Sect. I. 

FOUNSATIoys AND DRAINS. 

1881. In the previous chapter, we have enumerated the principal materials used in 
building ; we shall now proceed to show how those materials may be most advantageously 
employed ; but we shall not, in the various branches of the practice, again touch on 
the materials themselves, which have been, we conceive, already sufficiently described. 
But previous to entering upon the different branches of practical building, we think it 
right to submit to the reader a few observations on that most important of all con- 
siderations — a due regard to the security of the foundations on which a building is to 
stand, as a preliminary to the works of the bricklayer and mason, as the case may be. No 
advance or improvement has been made in this branch of architecture, as a science, since 
the time of the ancients. The advice of Vitruvius may still be followed with safety. In 
England, the recent introduction of concrete has superseded the use of wood under walls in 
the earth ; and piles are now quite exploded, except for the piers of bridges and other 
situations in which they can constantly be kept wet. 

1882. The best soils for receiving the foundations of a building are rock, gravel, or 
close-pressed strong sandy earth ; “ but,” says L. B. Alberti, “ we must never trust too 
hastily to any ground, though it may resist the pick-axe, for it may be in a plain, and be 
infirm, the consequence of which might be the ruin of the whole work. I have seen a 
tower at Mestre, a place belonging to the Venetians, which, in a few years after it was 
built, made its way through the ground it stood upon, which, as the fact evinced, was a 
loose weak soil, and buried itself in earth up to the very battlements. For this reason, 
they are very much to be blamed who. not being provided by nature with a soil fit to 
support the weight of an edifice, and lighting upon the ruins or remains of some old 
structure, do not take the pains to examine the goodness of the foundation, but incon- 
siderately raise great piles of building upon it, and out of the avarice of saving a little 
expense, throw away all the money they lay out in the work. It is, therefore, excellent 
advice, the first thing you do, to dig wells, for several reasons, and especially in order to get 
acquainted with the strata of the earth, whether sound enough to bear the superstructure, 
or likely to give way.” It is important, previous to laying the foundations, to drain them 
completely, if possible, not only from the rain and other water that would lie about, but 
from the land water wluch is, as it were, pent up in the surrounding soil. In soft, loose, 
and boggy ground, the use of concrete will be found very great ; and in these soils, more- 
over, the width and depth it should be thrown in, should, as well as the lower courses of the 
foundation, be proportioned inversely to the badness of the soil. Clay of the plastic kind is 
a bad foundation, on account of the continual changes, from beat and moisture, to which it is 
subject, and which often cause it so to expand and contract as to produce very alarming 
settlements in a building. The best remedy agmnst this inconvenience is to tie the walls 
together by the means of chain plates, buried in the centre of the footings, and on the top 
of the landings that rest on the concrete* ; these plates to be, of course, connected at the 
returning angles, so as to encompass the whole building. In these cases, the clay must 
be excavated to make room for the concrete. This will be found an effectual remedy in 
clay soils. 

1 883. If the soil be a sound gravel, it will want little more than ramming with heavy 
rammers ; and if the building be not very heavy, not even that. 

1884. Where vaults and cellars are practised, the whole of the soil must, of course, be 
excavated ; but where they are not required, trenches are dug to receive the walls, which, 
in both cases, must be proportioned in strength to the weight of the intended super- 
structure and its height In general terms, we may direct the depth of foundations to be 
a sixth part of the height of the building, and the thickness of the walls twice that of 
those that are raised upon them. Care must be taken that that which is to receive the 
footings of the walls be equable; otherwise, where external and internal walls are connected 
together, the former, being the heaviest, may settle more than the latter, thereby causing 
fractures, which, though not, perhaps, dangerous, are extremely disagreeable in appearance. 
The lower courses, which are called the footings of the wall, are often laid dry ; and, per- 
haps, at all events, a sparing use of mortar in a spot loaded with the greatest pressure should 
be preferred. If the footings be of stone, very particular attention should be bestowed on 
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placing the stone in the courses in the same direction or bed as it lay in the quarry, to 
prevent its splitting. 

1885. In foundations where, from columns or small piers pressing upon particular parts, 
there would be a liability, from uneven bearing, to partial failure, it has been the practice, 
from a very early period, to turn in- 
verted arches (see 615.) to catch 
on their springing the weight to be 
provided against, by which means such 
weight is equally distributed through- 
out the length of the foundation. 

“ Standing thus,” says our master Al- 
berti, “ they (the columns or weights) 
will be less apt to force their way into 
the earth in any one place, the weight 
being counterpoised and thrown equally on both sides on the props of the arches. And 
how apt columns are to drive into the ground, by means of the great pressure of the weight 
laid on them, is manifest from that corner of the noble temple of Vespasian that stands 
to the north-west ; for, being desirous to leave the public way, which was interrupted by 
that angle, a free and open passage underneath, they broke the area of their platform, and 
turned an arch against the wall, leaving that corner as a sort of pilaster on the other side of 
the passage, and fortifying it as well as possible, with stout work, and with the assistance 
of a buttress. Yet this, at last, by the vast weight of so great a building, and the giving 
way of the earth, became ruinous.” 

1886. It is most important, when the walls are raised on the foundations, and brought 
up a little above the level of the earth, to take care that the earth, most especially if 
moist, should not lie against them • for if walls, before they are dry and settled, imbibe 
moisture, they rarely ever part with it, and thence gradually impart rot to the timbers 
throughout the house. In all buildings, it is an object to have a second thin wall outside 
the basement walls, so as to leave between it and them a cavity for the circulation of the 
air, such cavity being technically called an air-drain. This is in all cases desirable, but in 
moist and loose soils it is essentially necessary for the durability of the building, as well 
as for tbe health of those who are to dwell in it. 

1887. We, perhaps, might have more properly spoken first of the subject of drainage 
and sewers, whereof it now becomes our duty to give some information, inasmuch as before 
a brick or stone of any building be laid, the architect neglects his duty if he has not pro- 
vided for perfect drainage in the lowest parts of the structure. This must not be by the 
aid of a small stagnant tank, called a cesspool, ofren the cause of much disease in a family ; 
but by means of a drain into some running stream at a distance from the building, or, if 
that be not practicable, into some far removed pond, whose exhalations shall not be blown 
by the prevalent winds of the spot back upon the place where they were generated, in a 
different form. Neither does the health alone of the family whose comfort is to be pro- 
vided for, demand this consideration of drainage ; for the durability of the structure is quite 
as much involved in good drainage as is the health of the family whose dwelling-place the 
house is to become : hence we are the more earnest in pressing the point. In cities, the 
architect cannot always accomplish this most important object to the extent of his desire ; 
but in the country, he is unpardonable if he neglect so necessary a provision. In London 
and its suburbs, the laying down of efficient sewage has been gradually proceeding ; and in 
half a century, should it proceed at the same rate that it has during the last fifteen years, 
we apprehend that there will be no city in Europe possessing so good a drainage. 

1888. The main drain necessary for the service of the largest house (we suppose the 
case of one in the country), if the fall given it be even but moderate, requires no very 
large dimensions. When we recollect that a small river, draining a very considerable tract 
of country, is often in its section only 8, 9, or 10 feet superficial, it will easily be conceived 
that the surplus from, and rain water falling on a mansion, is a quantity, even at the most 
pressing times, requiring little, area of discharge to free the place from damp. There are 
few cases in which the largest mansion would require, for its main branch of drainage, an 
area of more than 5 feet, which would be given by a sewer or drain 2 ft. by 2 ft. 6 in., 
supposing its section to be that of a parallelogram ; but of course, where the fall permits, 
there is no objection to larger dimensions. It will be hardly necessary to recommend that 
drains should, as well for their durability as on other accounts, be constructed with curved 
bottoms. It is surprising that some (at least one) commissions of sewers about the me- 
tropolis should still persist in constructing their principal drains with flat bottoms, offering 
an additional impeffiment, by increased friction, to the more rapid discharge of the water. 
Thus, for instance, let us take the lower parts of two drains whose running depth of water 
is 1 foot, one whereof is formed with a semicircular bottom, 2 feet wide ; the area of the 
column of water will therefore be 1 *5708, and the length of the half curve will be 3*1416. 
To obtain, with one foot depth of water, the same area in a drain whose bottom is flat and 
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ades upright, we must have the width 1 -5708, and the sum of the three sides touched by 
the water will be S*5708. Then 3*5708 — 3*1416= *4292 represents roughly the difference 
of friction or impediment in favour of the semicircular bottom in the case stated, nearly 
of the power being lost by the use of a flat bottom. 


Sect. II. 

BRICKLAYING AND TILING. 

1889. Bricklaying, or the art of building with bricks, or of uniting them by cement or 
mortar into various forms, includes, in the metropolis, and mostly in the provinces, the busi- 
ness of wailing, tiling, and paving with bricks or tiles, and sometimes plastering ; but this 
last is rarely, if ever, undertaken by the London bricklayer ; though in the country the 
trades of bricklaying and plastering are usually united, and not unfrequently that of ma- 
sonry also. The materials used have been described in a previous part of the work, to 
which the reader is referred (1811. et seq.). 

1890. The tools used by the bricklayer, who has always an attendant labourer to supply 
h\m with bricks, mortar, &c., are — 1. A brick trowely for taking up and spreading the 
mortar, and also for cutting the bricks to any required length. 2. A Aammcr, for cutting 
holes and chases in brickwork. 3. The plumb rule^ being a thin rule, 6 or 7 inches wide, 
with a line and plummet swinging in the middle of it, in order to ascertain that the walls 
are carried up perpendicularly. 4. The Zerc/, which is about 10 or 12 feet long, with a 
vertical rule attached to it, in which a line and plummet are suspended, the use whereof is 
to try the level of the walls at various stages of the building as it proceeds, and particularly 
at the window cills and wall plates. 5. The larcfc squarcy for setting out right angles. 
6. The rod, for measuring lengths, usually 5 or 10 feet long. 7. The jointing rtile, about 
8 or 10 feet long, as one or two bricklayers are to use it, and 4 inches broad, with which 
they run or mark the centre of each joint of the brickwork. 8. The Jointer, which is of 
iron, shaped like the letter S. 9. The compasses, for traversing arches and vaults. 10. The 
raker, a piece of iron having two knees or angles, dividing it into three parts at right angles 
to each other, the two end parts being pointed and equally long, and standing upon contrary 
sides of the middle part. Its use is to rake out decayed mortar from the joints of old walls 
for the purpose of replacing it with new mortar, or, as it is called, pointing them. 1 1. The 
hod, which is a wooden trough shut close across at one extremity and open at the other. 
The sides consist of two boards at right angles to each other, from the meeting whereof a 
handle projects at right angles to their union. It is used by the labourer for conveying 
bricks and mortar to the bricklayer ; for which purpose, when he has the latter office to 
per^rm, he strews dry sand on its inside, to prevent the mortar from sticking. 1 2. The 
line pins, which are of iron, for fastening and stretching the line at proper intervals of the 
wall, that each course may be kept straight in the face and level on the bed. The pins have 
a line attached to them of 60 ft. to each pin. 1 3. The rammer, used for trying the ground, 
as well as for beating it solid to the utmost degree of compression. 1 3. liie iron crow and 
pick axe, for breaking and cutting through walls or moving heavy weights. 14. The grind-- 
ing stone, for sharpening axes, hammers, and other tools. The following ten articles relate 
entirely to the preparation and cutting of guaged arches. 15. The banker, which is a bench 
from 6 to 12 ft. long, according to the number of workmen who are to work at it. It is 
2 ft. 6 in. to 3 ft. wide, and about 2 ft, 8 iu. high. Its use is for preparing the bricks 
for rubbed arches, and for other guaged work. 16. The camber slip, a piece of wood 
usimlly about half an inch thick, with at least one curved edge, rising about 1 inch in 
6 feet, for drawing the sofite line of straight arches. When the other edge is curved, it 
rises about half that of the other, that is, about half an inch in 6 feet, for the purpose of 
drawing the upper line of the arch, so as to prevent it becoming hollow by the settling of 
the arch. The upper edge is not always cambered, many preferring it straight. The slip 
being sufficiently long, it answers the width of many openings ; and when the bricklayer has 
drawn his arch, he delivers it to the carpenter to prepare the centre for it. 1 7. The rubbing 

stone. This is of a cylindrical form, about 20 inches diameter, but may be less. It is fixed at 

one end of the banker, upon abed of mortar. After the bricks for the guaged work have 
been rough-shaped by the axe, they are rubbed smooth on the rubbing stone. The headers 
and stretchers, in return, which are not axed, are called rubbed returns and rubbed headers 
and stretchers. 18. The bedding stone, which is a straight piece of marble 1 8 or 20 inches in 
length, of any thickness, and about 8 or 10 inches wide. It isused to try the rubbed side of a 
brick, which must be first squared to prove whether its surface be straight, so as to fit it 
upon the le^uling skew back, or lefuling end of the arch. 1 9 . The square, for trying the 
bedding erf the bricks, and squaring the sofites across the breadth of the bricks. 20. The 
bevel, for drawing the sofite line on the free of the bricks. 2 1 . The mould, for forming the 
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hee and of the bricl., in order to reduce it in thickness to its proper taper, one edge 
of the mould being brought cl<^ to the bed of the brick when squar^ The mould a 
notch for every course of the arch. 22. Hie scribe, a spike or large ntul, ground to a sharp 
point, to mark the bricks on the &ce and b^k by the tapering edges of the mould, for the 
purpose of cutting them. 23. The tin saw used for cutting the sofite lines about one eighth 
of an inch deep, first by the edge of the level on the face of the brick, then by the edge of 
the square on the bed of the brick, in order to enter the brick axe, and to keep the brick 
from spalting. The saw is also used for cutting the sofite through its breadth in the direc> 
tion of the tapering lines, drawn upon the face and back edge of the brick ; but the cutting 
is always made deeper on the &ce and back of the brick than in the middle cd* its thickness, 
for the above-mentioned purpc^ of entering the axe. The saw is also used for cuttii^ the 
false joints of headers and stretchers. 24, The brick axe, for axing off the sofites of bricks 
to the saw cuttings, and the sides to the lines drawn by the scribes. The bricks being 
^ways rubbed smooth after axing, the more truly they are axed the less labour wiD be 
reqmsite m rubbing them. 25. The templet. Hus is used for taking the length of the 
stretcher and width of the header. 26. The chopping Hock, for reducing the bricks to their 
intended size and form by axing them. It is made of any piece of wood that comes to 
hand, from 6 to 8 inches square, and generally supported upon two 1 4~incb brick piers, if only 
two men work at it ; but if four men, the cfaopping<block must be lengthened and supported 
by three piers, and so on according to the number employed at it. It is about 2 ft 3 in. in 
height 27. The jioat-stone, which is used for rubbing curved work to a smooth surface, 
such as the cylindrical backs and spherical beads of niches, to take out the axe marks. It 
is, before application to them, made of a form reversed to the surface whereon it is applied, 
so as to coincide with it as nearly as possible in finishing. 

1891. Before adverting to the bond, as it is technically called, of brick walling, which is 
the fi>rm of connection of the bricks with each other, we will stop to observe, that in working 
walls, not more than 4 or 5 feet should be brought up at a time ; for as, in setting, the 
mortar shrinks and a general subsidence takes place, the part first brought up, if too large 
in quantity, will have come to its bearing before the adjacent parts are brought up, and thus 
fissures in the work and unequal settlements will take place. In carrying up any particular 
part above another, it should always be regularly sloped back to receive the adjoining parts 
to the right and to the left. On no account should any part of a wall be carried higher 
than one scafiTold, except for some very urgent object. 

1 892. Previous to the reign of William and Mary, all the brick buildings in this island 
were constructed in what is called English bond ; and subsequent to the reign in question, 
when, in building as in many other cases, Dutch ^hions were introduced, we regret to 
say, much to the injury of our houses’ strength, the workmen have become so infatuated 
with what is c^ed Flemish bond, that it is difficult to drive them out of it. To the intro- 
duction of the latter has been attributed (in many cases with justice) the flitting of 
walls into two thicknesses ; to prevent which, expedients have been adopted, which would 
be alt<^ether unnecessary if a return to the general use of English l^nd could be esta- 
blished. 
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1893. In chap. i. sect x. of this book (1550. et seq.') we have spoken generally on 

walls ; our observations here, therefore, in respect of them, will be confined to brick 

walls and their bond. 

1894. English bond is that disposition of bricks in a wall in which (except at the quoins) 

the courses are alternately composed of headers and stretchers. In brick walling, and indeed 
in stone walling also, a course means the horizontal layer of bricks or stones whereof the 
wall is composed, being contained between two feces parallel to the horizon, and terminated 
on each side by the vertical face of the wait The mass also 
formed by brick or stones in an arch are also termed courses, but 
receive the name of concentric courses. The term header is 

applied to a brick or stone whose small head or end is seen in 

the external of the wall ; and that of stretcher, to a brick or 
stone whc^ length is parallel to the fece of the wall. We are 
therefore to understand by English bond, a continuation either 
of header or stretcher, continued throughout in the same course 
or borizont^ layer, and hence we have described it as consisting 
of alternate layers of headers and stretchers ifig^ 616.), the 
former serving to bind the wall together in a transverse direc- 
tion or widthwise, and thus prevent its splitting, whilst the 
latter binds it lengthwise, or in a longitudinal direction. None 
but the English bond prevenfe the former occurrence, as work 
executed in this way, when so undermined as to cause a fracture, 
separates, but rarely breaks through the solid brick, as if the wall 
were composed of one entire piece. 

1895. Hie micient Roman brickwork was executed on this 
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prin^le ; and its extraordinary durability is as much to be attributed to that smi of work 
hoing used for bonding it together, as to its extraordinary thickness. 

1896. In this, as well as Flemish bond, to which we shall presently come, it will be ob- 
senre^ that the length of a brick being but 9 inches, and its width 4^ inches, in order to 
br^xk the joints (that is, that one joint may not come over another), it becomes nec^sary 
near the angles to interpose a quarter brick or bat, a, called a queen closer, in order to pre~ 
serve the continuity of the bond in the heading course. The l^nd, however, may equally 
be preserved by a three-quarter bat at the angle in the stretching course, in which case 
thite last bat is called a king closer. In each case an horizontal lap of two inches and a half is 
left for the next header. The figure above given is that of a two-brick or 1 8-inch wall, but 
the student will have no difficulty in drawing, on due consideration of it, a diagram of the 
bond for any other thickness of wall ; recollecting, first, that each course is formed either of 
headers or stretchers. Secondly, that every brick in the same course and on the same 
&ce of the wall must be laid in the same direction, and that in no instance is a brick to be 
placed with its whole length against the side of another, but in such way that the end of 
one may reach to the middle of the others that lie contiguous to it, excepting in the outside 
of the stretching course, where three-quarter bricks, or king closers, will of course be neces- 
sary at the ends, to prevent a continued upright joint in the face of the work. Thirdly, 
that a wall crossing at right angles with another will have all the bricks of the same level 
course in the same paralfel direction, whereby the angles will be completely bonded. We 
fitiftll close these observations with a recommendation to the young architect, founded on 
our own experience, on no account, in any building where soundness of wbrk is a deridera- 
tum, to permit any other than English bond to be executed under his superintendence. 

1897. Flemish bond is that wherein the same course consists alternately of headers and 
stretchers, which, in appearance, some may fancy superior to that just described. Such is 
not our opinion. We think that the semblance of strength has much to do with that of 
beauty in architecture. But there is in the sufferance of Flemish bond a vice by which 
strength is altogether lost sight of, which we shall now describe. It was formerly, though now 
partially, the practice to face the front walls of houses with guaged or rubbed bricks, or with 
at least a superior species of brick, os the malm stock ; in the former cases, the bricks being 
reduced in thickness, and laid with a fiat thin joint frequently, what the workmen call &putty 
Joint, for the external face, the outer and inner work of the same courses in the same wall, not 
corresponding in height, could not be bonded together except where occasionally the courses 
fell even, where ahe^er was introduced from the outside to tie or bond the front to the in- 
ternal work. Hence, as the work would not admit of this, except occasionally, from the 
want of correspondence between the interior and exterior courses, the headers would be 


introduced only where such correspondence took place, which 
would only occur in a height of several courses. Thus a wall 
two bricks in thickness, if faced on both sides, was very little 
indeed better than three thin walls, the two outer half a brick 
thick, and the middle one a brick or 9 inches thick. Brick- 
layers having little regard for their character will, if not pre- 
vented by the architect, not only practise this expedient, but 
will also, unless vigilantly watched, when a better sort of brick is 
used for the facing, cut the headers in half to effect a paltry saving 
of the better materiaL In walls of one brick and a half in thick- 
i^ss, the strength of the wall is not diminished by the use of 
Flemish bond so much as in those of greater thickness, as may 
be seen by the diagram (,fig^ 617.). Many expedients have 
been invented to obviate the inconveniences of Flemish bond ; 
but we think it rather useful to oimt them, lest we should be 
considered as parties to a toleration of its use, for the continu- 
ation wherec^ no substantial reason can be assigned. As we 
have before observed, all that can be alleged in its favour is a 



Fig. 617 


fency in respect of its appearance : but were the English mode executed with* the same 
attention and neatness bestowed on the Flemish method, we should say it was equally 
beaurifiil ; and therefore we shall thus close our notice of it. ^ 

1898. The two principal matters to be considered in brick waHing are, first, that the 
wall be as strong as possible in the direction of its length. Secondly, that it be so con- 
n^sted in its transverse direction that it should not be capable of separating in thicknesses. 
To produce the first, independent of the extraneous aid of bond timbers, plates, &c., it is 
clear that the method which affords^ the greatest quantity of longitudinal bond is to be 
preferred, as in the transverse direction is that wluch gives the greatest quantity of bond in 
direction of the thickness. We will, to exemplify this, take a piece of walling 4 bricks 
long, 4 bricks high, and 2 bricks thick, of English bond : in this will occur 32 stretchers, 
24 headers, and 16 half headers to break the joint, or prevent one joint falling over another 
Now, in an equal piece of walling constructed in Flemish bond, there will occur only 20 
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stretchers and 42 headers ; from which the great superiority of English bond may be at 
once inferred. 

1899. Bond timber should be used in pieces as long as circumstances will admit. Some 
prefer its being laid in the centre of the wall, in which case, when dressings of wood are 
required on the interior face, wooden plugs must be provided to nail them to, which are 
not wanted where the bond timber is laid flush with the inner face of the wail. 

1 900. It will scarcely be necessary to inculcate the propriety of the mortar beds being 
as thin as possible. In good sound work they ought not to rise more than 1 1 J inches in four 
courses. The mortar or cement should be such as will quickly set, to prevent the super- 
incumbent weight pressing the joints closer, and thereby causing settlements which, even 
with the greatest care, often take place unequally. As often as it is conjectured, from the 
nature of the soil, or from the foundation being partly new and partly old, that the work 
will not come to its bearing equally, it is better to carry up the suspected parts separately, 
and to leave at their ends what are called toothings^ by which junctions may be made when 
the weaker parts have come to their regular sound bearing. The thickness of walls has 
furnished the subject of previous pages ; we shall therefore only add, that too much care 
cannot be bestowed on strengthening all angles as much as possible, and well connecting the 
return of one wall into another ; that piers or pilasters are exceedingly useful in strength* 
ening walls, inasmuch as they act by increasing the base whereon the whole stands ; and, 
lastly, that in carrying up walls to any considerable height, it is oisual to diminish their 
thickness by sets off as they rise. In houses, above the ground-floor, the sets off are 
usually made on the inside, having the outside in one face ; but, if it be possible, it is 
better to set off equally from both faces, because of the better balance afforded. 

1901. A bricklayer, with the assistance of one labourer, will in one day lay about 1000 
bricks in common walling ; hence he would complete a rod of brickwork in four days and 
a half, its area being 272J ft. superficial of the thickness of one brick and a half When, 
however, there are many apertures or other interruptions to his work, he will be propor- 
tionably longer time over it. The weight of a rod of brickwork is about thirteen 
tons. Generally it may be taken as consisting of 4500 stock bricks, allowing for waste, 
27 bushels of chalk lime, and 3 single loads of drift sand, or 1 8 bushels of stone lime 
and single loads of sand. In cement, of 36 bushels, and the same qfuantity of sharp 
sand. 

1 902. Bricknogging is a method of constructing a wall with a row of posts or quarters 

3 feet apart, whose intervals are filled up with brickwork. It is rarely more than the width 
of a brick in thickness, and the bricks and timbers on the faces are flush. It should never 
be used where thickness can be obtained for a nine-inch wall. 

1903. Groined arches. A groin is the angular curve formed by the intersection o^ two 

semi-cylinders or arches. When groins are formed of cones they are called conic groins ; 

but our business here is with the more simple groins that occur in using brick arches. 

The centering for r^ing them belongs to the section Carpentry, to which the reader must 
r^er. The turning a simple arch on a centre only requires care to keep the courses as 
close as possible, and to avoid the use of much mortar on the inner part of the .joints. In 
executing a brick groin, the difficulty arises from the peculiar mode of making proper bond 
at the intersection of the two circles as they gradually rise to the crown, where they form 
mi exact point. In the meeting or intersecting of these angles, the inner rib should be 
perfectly straight and perpendicular to a diagonal line drawn on the plan. After the 
centres are set, the application of the brick to the angle will immediately show in what 
direction it is to be cut. With respect 
to the sides, they are turned as for com- 
mon cylindric va^ts. The late Mr. George 
Tappen, an architect of great practical skill, 
introduced a method of constructing groins 
rising from octangular piers, which had the 
advantage of not only imparting strength to 
the angle, which in the common groin is ex- 
tremely (^ficient, but of increasing the space 
for the stowage or removal of goods, and 
further, of strengthening the angles of the 
groin in this construction by carrying the 
band round the diagonals ( Jig. 61 8.) of equal 
breadth, and thus affording better bond to the 
bricks. 

1904. Many ornamental brick cornices 
may be formed by but little cutting, and 
c han g ing the position of the bricks employed, 
and several, indeed, without cutting, by 
chamfering only. 
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1905. Niches may be formed in brickwork. Tiiey constitute the most diificult.part of the 
'bricklayer’s pracrice. The centre will be described under the section Carpentry. Hie 
difficulty in forming them arises from the thinness to which the bricks must be reduced at 
the inn^ circle, as they oinnot extend beyond the thickness of one brick at the crown or top, 
it being the usual as well as much the neatest method to make all the courses standing. 

1906. Tiling is the operation of laying the tiles on a roof for the covering of the building, 
and is effected with either plane tiles or pantiles, the former whereof is the most secure. 
Plane tiles are laid at diffei^nt guages ; when laid at a six-inch guage, 800 will cover a 
^uar^ at a seven-inch guage, about 690. A plane tile weighs from 2 lbs. to lbs. 

1907. Pantiling is laid to a ten-inch guage ; and 180 pantiles, weighing from 5 lbs. to 
5^1te. each, will cover a square. From the frequent repairs necessary to tiled roofs, 
slating has become the most useful covering, and is generally employed, except for the most 
common building 

1908. The tiler’s tools are — the lathing hammer, with two guage marks on it, one at 7 
inches, the other at 7| inches. The lathing staff, of iron, in the form of a cross, to stay the 
cross laths and clinch the nails. The tiling trowel, to take up the mortar and lay it on the tiles : 
it differs from the brick trowel, in being longer and narrower. The bosse, made of wood, 
with an iron hook, to hang on the laths or on a ladder, for holding the mortar and tiles. 
The striker, a piece of lath about 10 inches long, for separating and taking away the 
superfluous mortar at the feet of the tiles. The broom, to sweep the tiling after it is 
struck. 


Sect. III. 

SIASONKT. 

1909. Masonry is the science of preparing and combining stones so as to tooth, indent, or 
lie on each other, and become masses of walling and arching for the purposes of building. 
The tools of the mason vary as the quality of the stone upon which they are to act. About 
the metropolis the value of stone is considerable ; and it is accordingly cut into slips and 
scantlings by a saw moved horizontally backwards and forwards by a labourer. In those 
parts where stone is abundant, it is divided into smaller scantlings by means of wedges. 
Hie principal tools of the mason are the mallet and chisels, the latter being formed of iron, 
except at the steel end, and the cutting edge being the vertical angle. Hie end of the 
chisel struck by the mallet is a small portion of a spherical surface, and projects on all 
sides beyond the adjoining part or hand hold, which increases in magnitude towards the 
middle of the tool, to the entering or cutting edge. The other tools of the mason are a 
level, a plumb-rule, a square, a bevel, straight and circular rules of divers sorts, for trying 
sur^^es in the progressive states of the work. 

1910. In London, the tools used to work the foce of a stone are, successively, the point, 
the inch tool, the boaster (the operation of working with which is called boasting, as that 
with the point is called pointing^, and the broad tooL The use of the point leaves the stone 
in narrow furrows, with rough ridges between them, which are cut away by the inch tool, 

.^and the whole made smooth by the boaster. The point is from | to J of an inch broad, the 
l^oaster is 2 inches wide, and the broad tool inches at the cutting edge, which in use is 
always kept perpendicular to the same side of the stone. It performs two sorts of opera- 
tions. Hius, ima^ne the impression made by the whole breadth of the tool at the cutting 
edge to be called a cavity ; in one operation, the successive cavities follow one another in 
the same straight line, until the breadth or length of the stone is exhausted ; successive 
equidistant parallel lines are then repeated in the same manner, until the tool has passed 
over the whole surface. This operation produces a sort of fluted surface, and is called 
stroking. In the other operation, each successive cavity is repeated in new equidistant lines 
throughout the length or breadth of the stone ; then a new series of cavities is repeated 
throughout the length and breadth of the stone; and thus until its whole length or 
breadth is gone through. Hiis operation is called tooling. The tools for working the cylin- 
drical and conical parts of mouldings are of all sizes, from | of an inch upwards. Those 
for working convex mouldings are not less than half an inch broad, except the space be 
too confined to admit of such breadth. 

191 1. A stone is taken out of winding principally with points, and finished with the 
inch tool. In London, the squared stone used for facing buildings is usually stroked, tooled, 
or rubbed. 

1912. In those parts of the country where the stone saved by the operation of sawing 
is not Plough to compensate for the labour, operation is altogether performed with 
mallet and chisel. 
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191 S. When stones, previous to the operation of hewing, are very unshapely, a stone axe, 
jedding axe, $calMing-hammer, or cavU, Is used to bring the stone nearly to a shape ; one end 
cd the jedding axe is flat, and is used for knocking off the most protuberant angular parts, 
when less than right angles ; the other end is pointed for reducing the different surfaces to 
nearly the intended form. 

1 91 4. In Scotland, besides the above described sorts of work, there are some other kinds 
termed droved, broached, and striped. Droving is the same as that called random tooling in 
England, or boasting in London. The chisel for broaching is called a punch, and is the 
same as that called a point in England. Broached work is first droved and then broached, 
as the work cannot at once be regularly done with the punch. Striped work must also be 
first droved and then striped. If broaching is performed without droving, which is some- 
times done, it is never so regular, and the surface is full of inequalities. Of the three kinds 
of sur&ces obtained, the droved is the cheapest. 

1915. It is however to be observed, that the workman will not take the same pains to 
drove the ^e of a stone which is to be afterwards broached, as in that of which the 
droving is to remain the final finish. 'When the surface of stone is required to be perfectly 
smooth, it is accomplished by rubbing with sand or gritstone, and it is called rubbed work. 
In Aberdeen, where the stone is very hard, being a granite, they use the scabbling hammer, 
by which they pick the stone until the sur^e has nearly acquired the requisite form. This 
sort of work is called nidged-icork, and the operation nidging. ^ 


WALLING. 

1916. In stone walling the bedding joints are usually horizontal, and this should always, 
indeed, be so when the top of the wall is terminated horizontally. In building bridges, 
and in the masonry of fence walls upon inclined surfaces, the bedding joints may follow the 
general direction of the work. 

The footuigs of stone walls should be constructed with stones as large as may be, squared 
and of equal thicknesses in the same course, and care should be had to place the broadest 
bed downwards. The vertical joints of an upper course are never to be allowed to fall 
over those below, that is, they must be made as it is called to break joint. If the walls of 
the superstructure be thin, the stones composing the foundations may be disposed so that 
their length may reach across each course from one side of the wall to the other. When 
the walls are thick, and there is difficulty in procuring stones long enough to reach across 
the foundations, every second stone in the course may be a whole stone in breadth, and 
each interval may consist of two stones of equal breadth, that is, placing header and 
stretcher alternately. If those stones cannot conveniently be had, from one side of the 
wall lay a header and stretcher alternately, and from the other side another series of stones 
in the same manner, so that the length of each header may be two thirds, and the breadth 
of each stretcher one third of the breadth of the wall, and so that the back of each header 
may come iu contact with the back of an opposite stretcher, and the side of that header may 
come in contact with the side of the header adjoining the said stretcher. In foundations of 
some breadth, for which stones cannot be procured of a length equal to two thirds the 
breadth of the foundation, the works should be built so that the upright joints of any 
course may fall on the middle of the length of the stones in the course below, and so that 
the back of each stone in any course may fall on the solid of a stone or stones in the 
lower course. 

1917. The foimdation should consist of several courses, each decreasing in breadth as 
they rise by sets off on each side of 3 or 4 inches in ordinary cases. The number of 
courses b necessarily regulated by the weight of the wall and by the size of the stones 
whereof these foundations or footings are composed. 

A wall which consists of unhewn stone is called a rubble wall, whether or not mortar is 
used. This species of work is of two kinds, coursed and uncoursed. In the former, the 
stones are guaged and dressed by the hammer, and thrown into different heaps, each con- 
taining stones of the same thickness. The masonry is then laid in horizontal courses, but 
not always confined to the same thickness. The uncoursed rubble wall is formed by 
laying the stones in the wall as they come to hand, without guaging or sorting, being pre- 
pared only by knocking off the sharp angles with the thick end of the scabbling hammer. 

1918. Walls are most commonly built with an ashlar facing, and backed with brick or 
rubble work. In London, where stone is dear, the backing is generally of brickwork ; 
which does not occur in the north and other parts, where stone is cheap and common. 
Walls faced with ashlar and backed with brick or uncoursed rubble are liable to become 
convex on the outside from the greater number of joints, and, consequently, from the 
greater quantity of mortar placed in each joint, as the shrinking of the mortar will be in 
proportion to the quantity ; aftd therefore such a wall is inferior to one wherein the facing 
and backing are of the same kind, and built with equal care, even supposing both sides to 
be of uncoursed rubble, than which there is no worse description of walling. Where a wall 
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e o i i a lBte *of an oatnde» and the innde is coursed rubble, the cour^ 'at the 

htStik. idioald be as high a& possibly and the beds should ccmtain yery little mortar*’ In 
Stothmdy where ^ere is abundance of stone, and where the a^ilar faces are exceedingly 
w^ executed,, they gen^^ly back with uncoursed rubble ; in the north of England, where 
l3iey are not quite so particular with their ashlar facings, they are much more particular in 
oourni^ the backings. Course rubble and ^rick backings admit of an easy introduction 
of b<Hid timber. In good masonry, however, wooden bonds should not be continued in 
; and they often weaken the masonry when used in great quantity, making the wall 
to bend where they are inserted. Indeed, it is better to introduce only such small 
pieces, and with the fibres of the wood perpendicular to the face of the wall, as are required 
^ the fiistenings of battens and dressings. 

1919. In ashlar &cing, the stones usually rise from 28 to 30 inches in length, 12 inches 
in height, and 8 or 9 inches in thickness. Although the upper and lower beds of an ashlar, 
as well as the vertical joints should be at right angles to the face of the stone, and the 
face and vertical joints at right angles to the beds in an ashlar facing ; yet, when the 
stones run nearly of the same thickness, it is of some advantage, in respect of bond, that 
the back of the stone be inclined to the face, and that all the backs thus inclined should 
run in the same direction ; because a small degree of lap is thus obtained in the setting of 
the next course, whereas, if the backs are parallel to the front, no lap take place when 
the stones run of an equal depth in the thickness of the wall. It is, moreover, advan- 
tageous to select the stones so that a thicker one and a thinner one may follow each other 
alternately. The disposition of the stones in the next superior course should follow the 
same order as in the inferior course, and every vertical joint should fell as nearly as possible 
in the middle of the stone below. 

1920. In every course of ashlar facing in which the backing is brick or rubble, hojidj or, 
as they are called in the country, through stones should be introduced, their number being 
proportioned to the length of the course ; every one of which stones, if a superior course, 
should fell in the middle between every two like stones in the course below. And this 
disposition should be strictly attended to in all long courses. Some masons, in carrying 
up their work, to show that they have introduced a sufficient number of bond stones into 
their work, choose their bond stones of greater length than the thickness of the wall, and 
knock or cut off their ends afterwards. But this is a bad practice, as the wall is liable to 
be shaken by the force used in reducing, by ebbeliing or otherwise cutting awgy the pro- 
jecting part, and sometimes with the chance even of splitting the bond stone itself. 

1921. In piers, where the jambs are coursed with ashlar in front, every alternate jamb 
stone should go through the wall, with its beds perfectly level. If the jamb stones are of 
one entire height, as b often the case when architraves are wrought upon them, and also 
upon the lintel crowning them, of the stones at the ends of the courses of the pier which 
are to adjoin the architrave jamb, every alternate stone should be a bond stone ; and if the 
piers be very narrow between the apertures, no other bond stones will be necessary in such ^ 
short courses. When the piers are wide, the number of bond stones is to be proportioned 
to the space. Bond stones, too, must be particularly attended to in long courses above and 
below win^ws. They should have their sides parallel, and of course perpendicular to 
each other, and their horizont^ dimension in the face of the work should never be less 
than the vertical one. The vertical joints, after receding about three quarters of an inch 
from the fece of the work with a close joint, should widen gradually to the back, so as to 
ferm hollow wedge-like figures for the reception of mortar and packing. The adjoining 
stcHW ^ould have their b^s and vertical joints filled with oU-putty,from the face to about 
tbree-quarfers of mi inch inwards, and the remmning part of the beds with well-prepared 
mortar. Putty emnent b very durable, and will remain prominent when many stones are 
in a st^e of dUapidation, through the action of the atmosphere upon them. The use of 
the oil-putty is at first disagreeable, from the oU spreading over the surface of the con- 
riguous stones ; but after a time tbb unpleasant look disappears, and the work seems as 
though of one piece. 

1922. All the stones of an ashlar feeing ought to be laid on their natural beds. From 
inattentimi to thb circumstance, the stones often flush at the joints ; and, indeed, such 
a pomtion of the lamina much sooner adnuts the destructive action of the air to ♦aVe 
place. 

1923. Where waUs or insulated pillars of very small dimensions are to be carried up, 
e vwy stmie should be <»refiilly bedded level, and be without concavity in the middle. If 
tibe beds should be concave, as soon as the superimposed weight comes to be borne by the 
pier or pillar, ftie joints will in all probability begin to flush ; and it is moreover better, if 
it be possible, to make every course in the mason^ of such a pier or pillar in one stone. 

1924. Whoi large columns are obtained^ a single block, theb effect, from that circum- 
stance almK, b vmy strikii^ ; but as this is not very often to be accomplished, the next 
poiBt b to have as few and as mnall jmnts as po^ble ; and the different stones, moreover 
ought to be selected with the view, as much as possible, of concealing the joints, by having 
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the blocks as much of the same colours as possible. It will immediately, of course, occur 
to the reader, that vertical joints in columns are inadmissible. 

COLUMNS. 

1925. I'he stones for an intended column being procured, and the order in which they 
are to be placed upon one another having been determined, we must correctly ascertain the 
exact diameter for the two ends of each of them. To effect this, draw an elevation of the 
column proposed to its full size, divide it by lines parallel to the base into as many heights 
as the column is intended to contain stones, taking care that none of the heights exceed the 
lengths the stones will produce ; the working of the stones to the diameters thus obtained 
then becomes easy. The ends of each stone must first be wrought so as to form exactly 
true and parallel planes. The two beds of a stone being thus formed, find their centres, 
and describe a circle on each of them ; divide these circles into the same number of equal 
parts, which may, for example, amount to six or eight ; draw lines across each end of the 
stone, so that they will pass through the centre and through the opposite divisions of the 
same end. The extremities of these lines are to regulate the progress of the chisel along 
the surface of the stone; and therefore, when those of one end have been drawn, those of the 
other must be made in the same plane, or opposite to them respectively. The cylindrical 
part of the stones must be wrought with the assistance of a straight edge ; but for the 
swell of a column, a diminishing rule, that is, one made concave to the line of the column, 
must be employed. This diminishing rule will also serve to plumb the stones in setting 
them. If it be made the whole length of the column, the heights into whicli the elevation 
of the column is divided should be marked upon it, so that it may be applied to give each 
stone its proper curvature. But as the use of a very long diminishing rule is inconvenient 
when the stones are in many and short lengths, rules or rods may be employed correspond- 
ing in length to the different heights. 


STAIRS. 

1 926. Nothing to perplex will occur in carrying up stairs which are supported by a wall 
at both ends, because the inner ends of the steps may either terminate in a solid newel, or 
be tailed into a wall surrounding an open newel. Where elegance is not required, and 
where the newel does not exceed 2 feet 6 inches, the ends of the steps may be conveniently 
supported by a solid pillar ; but when the newel is thicker, a thin wall surrounding the 
newel would be cheaper. In stairs to basement stories, where geometrical stairs are used 
above, the steps next to the newel are generally supported upon a dwarf wall. 

1927. In geometrical stairs, the outer end of each step is fixed in the wall, and one of 
the edges of every step supported by the edge of the step below, and formed with joggled 
joints, so that no step can descend in the inclined direction of the plane nor in a vertical 
direction ; the sally of every joint forms an exterior obtuse angle on the lower part of the 
upper step, called a back rebate, and that on the upper part of the lower step of course an 
interior one, and the joint formed of these sallies is called ei joggle, which may be level from 
the face of the risers to about one inch within the joint. Thus the plane of the tread of 
each step is continued one inch within the surface of each riser ; the lower part of the joint 
is a narrow surface, perpendicular to the inclined direction or soffit of the stair at the end 
next to the newel. 

1928. With most sorts of stone the thickness of every step at the thinnest place need not 
exceed 2 inches for steps of 4 feet in length ; that is, measuring from the interior angle of 
every step perpendicular to the rake. The thickness of steps at the interior angle should 
be proportioned to their length ; but allowing that the thickness of the steps at each of 
the interior angles is sufficient at 2 inches, then will the thickness of them at the interior 
angles be half the number of inches that the length of the steps is in feet ; for instance, 
a step 5 feet long would be 2^ inches at that place. 

1 929. The stone platforms of geometrical stain>, that is, the landings, half paces, and 
quarter paces, are constructed of one or more stones, as they can be procured of sufficient 
size. When the platform consists of two or more stones, the first of them is laid on the 
last step that is set, and one end tailed in and wedged into the wall ; the next stone is joggled 
or rebated into the one just set, and the end also fixed into the wall, as that and the pre- 
ceding steps also are; and every stone in succession, till the platform is completed. When 
another flight of steps is required, the last or uppermost platform becomes the spring stone 
for the first step of it, whose joint is to be joggled, as well as that of each succeeding step, 
similarly to those of the first flight. The principle upon which stone geometrical stairs 
are constructed is, that every body must be supported by three points placed out of a 
straight line ; and therefore, that if two edges of a body in different directions be secured 
to another body, the two bodies will be immoveable in respect to each other. This last 
case occurs in the geometrical staircase, one end of each stair stone being tailed into the 
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vaU so as to be iiM»pable of tilting, and another edge resting either on the ground itself, 
or on the edge of the preceding stair stone or platform, as the case may be. The stones 
vbich form a platform are generally of the same thickness as those forming the steps. 


ON THE SCIENTIFIC OFERATXONS OP STONE CUTTING. 


1 930. The operations by which the forms of stones are determined, so as to combine them 
properly in the various parts of an edifice, are founded on strictly geometrical principles, 
and require the greatest care and exactness in execution. It is o^y by a thorough know, 
ledge of the nature of these operations that the master mason is able to cut and carve the 
parts which, when joined together, compose the graceful arch, the light tracery of the 
Gothic vault, or the gracefol and magnificent dome. The method of simple walling, and 
its general principles, have been given in this book, chap. i. sect. x. In what follows we 
propose to confine ourselves, 1st, to the leading operations necessary to set out the simple 
arch or vault, and the groins formed by it ; 2d, to the forms produced by vaults with 
plain and curved surfaces intersecting ; 3d, and lastly, to dome vaulting ; giving such 
examples as will so initiate the student that he may, we trust, have little, if any, difficulty 
in resolving any case that may occur, and reminding him that if he well understand the 
section already submitted to him on Descriptive Geometry, his labour will be m.ich 
abridged, not only in what Immediately follows, but in that section which treats hereafter 
on Carpentry. 

1931. I. Op the Construction of Arches and simple Vaults, and the Groins 
F0R3OD BY THEIR INTERSECTION. In arches and simple vaults we have to ascertain the 
exact form of the arch in all its parts, and the direction of its joints ; both which points are 
dependent on the geometrical properties of the curve used for the arch. 

1 932. To find the joints of a flat arch without using the centre of the circle of which the 
arch is a part. Divide the arch AB (^fig. 619.) 
into as many equal parts as there are intended 
to be arch stones, at the points 1 , 2, 3, &c. From 
A, with any convenient radius, describe an arc 
at a, and from 2, with the same radius, describe 
another arc, crossing the first at a, and join al ; 
then 1 is the first joint from A. To find the joint 
passing through 2 ; with the same radius as before, from the joints 1 and $ as centres, de- 
scribe arcs cutting each other at 6, and draw 26 ; then 26 is the second joint. In the same 
manner all the other joints between A and B will be found. To find the shew hachsy or 
abutting joints AC and DB ; with a radius equal to la, from the centre A describe an arc 
at C ; from the centre 1 , with the radius Aa, describe an arc cutting the former at C, and 
draw the line AC, which will be the springing bed of the arch. In the same manner the 
joint BD may be found. 

1933. The joints of any arch may be drawn with considerable accuracy by setting off at 
equal distances a point in the curve on each side of the place for the joint, and from these 
points, as centres, with any radius, arcs to intorsect, through whose intersections lines 
being drawn, will give the directions of the jointo. 

1 934. To draw an elliptical arch to any two dimensions hy circular arcs. Draw the straight 
line AB {fig. 620.). Bisect AB in C by the perpendicular Dp, make CA and CB each 


d ^ f 


mur 



Rg.SaO. Fig. 621. 

equal to half the span of the arch, and make CD equal to the height, and Aj parallel and 
equal to CD. In Cg make Ci equal to CD. Divide A; and AC each into two equal parts 
Through 1 in AC draw kn, and through 1 in Aj draw 1 D, cutting in at n. Bisect nD 
by the perpendicular Ig, and from g with the radius gn or gD describe the arc nDii. Draw 
gh parallel to AB, and join AB, and produce AB to meet the are nDi in f. Join gi cutting 
AB in / and make Ce equal to C/. Join ge, and produce it to meet the arc bDA in n 
From/with the radius /f describe the arc fB, and from e with the radius cA describe the 
arc Amn. Then AntDt'B is the arch required. 

1935. An elUptical arch ADB (/p. 621.) being given, to draw the joints for a given 
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of arch stones* Find the centres ejfgui the same manner as if the arch were to be drawn ; 
join ge and produce it to meet the arch ; also join g^ f and produce it to meet the arc in t. 
Divide the elliptical curve ADB into as many equal parts as the number of arch stones. 
From the centre e draw lines through the points of division in the curve between A and 
where ge meets the curve, and from the 
centre g draw lines through all the interme* 
diate points between ge and gf, and lastly 
draw lines fromythrough all the intermediate 
points between i and B, and the parts of the 
lines thus drawn on the outside of the curve 
will be the joints of the arch stones. 

1 936. In very large arches it will be de- 

sirable to find five centres, as in Jig. 622., and 
these will be obtained by finding two in- 
termediate points in each half of the curve 
instead of one ; then bisecting each pair of 
adjacent points by a perpendicular, we shall 
have the centres e. A, g, t, y, to be used for 
drawing the joints in the same manner as in P 2 g. S 22 . 

the preceding figure. 

1937. The above methods are sufficient for ordinary purposes ; but where strict accuracy 
is required, the following method is mathematically true. Suppose any joint, as gk, is 
required to be drawn (Jig. 623.), and that 
the point D is the middle of the arch and 
the point C the middle of the springing line ; 
then with the distance CA or CB, from the 
point D describe an arc at e and another at 
f to cut AB at e and /. Draw eg and fg; 
produce eg to t and fg to A, bisect hgi by the 
straight Ime gk, which will be the joint re- 
quired. In the same manner, by drawing 

lines from e and/ to each point of division, and bisecting the angle, lines for the other joints 
may be drawn. 

1 938. To draw a Gothic arch to ang given dtTnensioTis ( Jig. 624. ). Draw the straight line 




O 



Fig. 624. 


AB equal in length to the span of the arch. Bisect AB in C by the perpendicular DI. 
and draw AG and BH parallel to DI. Make CD equal to the height of the arch, and the 
angles CDG and CDH each equal to half the vertical angle; make CF equal to the dif- 
ference between CD and AG and join FA and FB. Divide AG and AF each into the 
same number of equal parts, counting each from the point A. Through the points 
1, 2, 3, 4 in AF draw la, 16, Ic, Id, and through the points 1, 2, 3, 4 in AG draw 1 D, 2D, 
3D, 4D cutting la, 16, Ic, Id at the points a, 6, c, d, then through the points Aa6cdD draw 
a curve ; which will be half of the Gothic arch required. 

1939. To draw the joints of the arch stones of a Gothic arch (fig. 625.). Having formed 
the angles CDG and CDH as before, make At equal to AG and draw DZ perpendicular 
to DG. In DI make DA equal to Ai and join lA. Bisect ik by a perpendicular meeting 
DZ in Z. Produce li to p. Divide the curve into as many equal parts as the arch stones 
are to be in number. Then * will be the centre of the joints which pass through all the 
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points between A and p, and / will be the centre for drawing the joints of the arch stones 
which pass through all the points between p and 1). 

1940. The reason for the foregoing rule is obvious; for the joints are merely made to 
radiate to the centres of the arcs of circles whereof the arches themselves are formed ; as 
in subsections 1934, 1935. they were drawn to the centres of the approximating circles 
wherefrom the elliptical curves were struck. 

1 941 . To describe a parabolic curve ftyr a pointed or Gothic arch by meayis of a senes of 
lines touching the curve., the dimensions of the 
arch and the angles it forms at the crown being 
given. Draw the straight line AB {_jig. 626.) 
and draw CD perpendicular to AB. Make 
CD equal to the height of the arch, CA and 
CB each equal to half the span. Make the 
angles CDe and CE)/* each equal to half the 
vertical angle. Divide Ac and cD each into 
the same number of equal parts, and through 
the corresponding points of division draw lines 
which will form one half of the arch : the other half DB may be found in the same mamier. 

1 942. To draw the joints of the arch stones 
io the above soH of arch. Draw the chords 
AD, DB for each half of the arch (^fg. 627.) ; 
divide the arch into as many equal parts as 
there are to be arch stones. Let it now be 
required to draw a joint to any point h ; bisect 
AD in hy and join ek cutting the curve in 1. 

Draw hg parallel to Kk, cutting ek in g, and in 
el make li equal to Ig. Join hi and draw Am 
perpendicular to Ai. Ihen Am is the joint re- 
quired. In the same manner all the remaining 
joints will be found. 

1943. To describe a rampant pointed arch, whose span, perpendicular height, and the height 
of the ramp are given. Draw the straight line AB (_Jig. 627.), and make AB equal to tie 
span of the arcli. Draw BC perpendicular to 

AB, and make BC equal to the height of the 
ramp. Bisect AC in D, and draw DE per- 
pendicular to AB. Make DE equal to the 
height of the arch ; draw A/ and Cg parallel 
to DE, and make Af and Cg equal to about 
two thirds of DE. Join /E and Ey. Di- 
vide Af and ^E each into the same number 
of equal parts, and through each two corre- 
sponding points of division draw a straight 
line. All the lines thus drawn will give one 
half of the curve. The other half may be 
drawn in the same manner. To find the 
joints (^fg. 629.) proceed as for a plain arch 
in the last example. 

1944. II. Of the CoNsraucriON of inter- 
secting Vaults or Groins. The forms of 
vaults may be so adapted to one another that 
the lines of intersection shall be in planes, and 
these planes the diagonals of the plan of the 
intersecting part of the vaults ; i, however, 
they be not so adapted, the lines of inter- 
section will be curved on the plan, and these 
curves it is necessary to ascertain in making 
both the moulds and the centerings for exe- 
cuting the work. 

1945. To determine the form of a vault to 
intersect with a given one in the plane of the 
diagonaly and also to find the diagonal rib for 
the centering. Let the given vault be EIF 
{fig. 630.) and AC and BD the diagonals, crossing in /. Draw /I perpendicular to F F 
cutting EF in e. In the arc IF take any number of points ab, and draw ag, bh parallel to 
1/ cutting E I m <f, e, and the diagonal A C in A. Draw fp, gq, hr parallel to E F, cuttinir 
the base GH at m, n, o. Make mp, nq, or each respectively equal to cl, da, eb Draw fV 
gi, hi, perpendicular to AC, and make /I', gk, hi respectively equal to cl, da eb Make 
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Piff. 630. Fig. 631. 


fg'ifh! each respectively equal to fg^ fh. Draw g'k', kT parallel to fV, Make g'k’ equal 
to gki h'V equal to hi ; also make mn\ m'o' each respectively equal to mn, mo. Draw the 
arcs pgr, p'q'r, as also I'A/, Vk'V \ then, through the points thus found, draw the curves upon 
their bases AC and GH, and that on GH is the form of the intersecting vaults, and that 
on AC is the form of the angle rib. If the form of the given arch be that of a semicircle 
EIF (^jig- 631.), let ABCD be the angular points of the plan, AC and DB the 
diagonals, cutting each other at M. Draw MK parallel to GD, or CH cutting GH in N. 
Draw ML perpendicular to AC, and make ML equal to the radius of the semicircle. 
Then, with the transverse axis AC, and semi-conjugate axis ML, describe a semi-ellipse, 
which will be one of the angle ribs, as required. Also make NK equal to the said radius; 
then with the lesser axis and the semi-greater axis NK describe the semi-ellipse GKH, 
which is the form of the other vault. 

1946. The same method applies in Jig. 032., where the narrow opening is a semi-circle, 


£ 



Fig. 632. Pig. 633. 

and the wide one, consequently, a semi-ellipse, having its minor axis vertical and its major 
axis horizontal. 

1 947. When two eircidar~arched vaults of different heights intersecty to determine the plan of 
the arrisses in which the arches meet. Let ABC 633.) be the arch of the main vault, 
and DEF that of the lesser vault ; ACLO the plan of the main vault, and 0PQ,F that of 
the lesser vault ; and let the two vaults intersect each other at the points HKNM. Also, 
let E be the middle point of the lesser semi-circular arc DEF. Produce HD to r, and in 
the arch DE take any number of points rs, and draw r6, sa, El parallel to DH. Draw 
rt, su, EtJ parallel to DF, cutting Dr at the points tuv-, and produce HC to G. In CG 
make Cir, Car, CG respectively equal to D#, Dw, Dr, and draw irz, ary, GB parallel to AC, 
cutting the semi-circle ABC in the points zyB. From the points Byz draw BI, ya, zhy 
parallel to CL. Then through the points lab draw a curve, which will be one half of the 
plan of the arris. The other half will be found in the same manner. 

1948. The method of tracing the plan of the groins is the same (see^y. 634.) when the 
vaults intersect obliquely. 

1949. To find the plan of the intersections of two arches of the same heigktyand either of the 
same or different species. Let the sections of the two arches be ABC and DEF (^fig- 635.), 
the arcs AB, BC being equal to each other, and the arcs DE, EF equal to each other ; 
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Fig. 634. Fig. 635. 


and let H, K, N, M be the points where the two arches intersect each other on the plan. 
Divide either of the arcs BC or DE into parts, equal or unequal ; as, for example, in the 
arc DE take any number of points at pleasure, and draw ra, sfc, El perpendicular to DF. 
Produce HD to », and draw rt, sw, Ep, parallel to DF, cutting Dp in u, v. Produce HC to 
G, and make Cip, Cj: respectively equal to Dt, Du ; and as the arches are equal in height, 
CG will be equal to Dp. Draw ipy, xz, GB, parallel to AC, cutting the arc BC in the 


points 2 , and touching it in B. Draw ya, xh and BI 
parallel to HK, and through the points Hubl draw 
the curve Ha&I, which will be half the plan of the 
groin as required. The other half I N and the other groin 
MK will be found in the same manner, 

1 950. To Jind the plan of the groins produced by the 
intersection of a cylindric and a conic vault., the angle of 
position of the cutis, the diameter of the.cylindep, and the 
plan of the conic vault being given. Let AB (j'iy. 636.) 
be the axis of the cylinder, CD that of the cone, C 
being the apex, and D the point through which the 
base passes. Through any point A in AB draw £ F g 
perpendicular to AB, and make AE and AF each equal 
to the radius of the cylinder, and draw EH and FI 
parallel to AB. Through D draw KM perpendicular 
to CD, and make DK and DM each equal to half the 
diameter of the cylinder. Join KC and MC, cutting 
EH and FI in the points N, O, P, Q. Divide the semi> 
circles FGE and KLM into parts, whereof the corre- 
sponding ones are equal to one another. From the 
points of division in the semicircle EGF draw lines 
parallel to AB ; and through the corresponding points 
in the semicircle KLM draw lines perpendicular to the 
diameter KM, cutting KM. From the points of section 
draw lines to the apex C of the cone, cutting the former 
drawn through the points in the senucircumference 
FGE. Through each set of cofresponding points draw 
a curve, and the two curves will represent the arrisses of 
the groin on the plan. If in an octagonal ground vault 
the octagonal range be cylinders, and the cross vaults, 
which tend to the centre, dimimsh to a line of the 
height of the vault, the following construction applies : 

— Let EFGHI {fig. 637.) be the exterior tide of the 
vault, which is both equilateral and equiangular, and 
let JKLMN be the line of the exterior suHace of the 
inner wall; so that the lines EJ, FK, GI^ HM, IN, 
which pass through every two corresponding angles, 
may tend to the centre O of the groin vault. Let the 
sections of the given ribs be PQ,R and STU, so that 
PR of the rib PQR may stand at right angles to the 
sides EF and JK and the side SU of the rib STU 
on the middle of the side FG. Divide the two bases 
PR and SU in the same proportion, and through 
the joints of division in SU draw lines from the centre 
O of the ground vault to meet the curve STU ; and 
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through the points of division in the base PR of the cross rib PQR draw lines parallel 
to EF, to terminate in the line FK, and in the semicircle PQR. From the points where 
these lines meet FK, draw perpendiculars on one side of FK, and make the heights of 
these perpendiculars respectively equal to the ordinates of the arc PQR ; and through the 
ends of these perpendiculars draw a curve FVK, which will be the angle rib. From the 
points of meeting in the line FK draw lin^ parallel to FG, and through the points of 
division in SU draw lines to the centre O, intersecting the former lines drawn from the 
points of division in FK ; through the corresponding points of intersection draw the 
curv^ SBL and KBU, which will form the plan of the angle. 

1951. In single groins the centres are made for the widest avenue, and are covered over 
with boards {Jig> 638.), so that the top of the boards may form the surface required for 



Pig. 639. 


turning the arch upon the intersections ; or the angles are found by the following practical 
method. The groins meet in the points I, C {Jig. 639.), upon the boarding of the two 
groins. Place the straight edge of a lK>ard upon the point I, so as to range over the line 
GH on the plan Then set up another straight edge upon the point H, so as to be vertical, 
and the straight vertical edge will meet the horizont^ edge ; then apply a third straight 
edge to each of the other two straight edges, so that it may also come in contact with 
the boarding. After this draw a line along this third straight edge upon the boarding as 
far as may be found convenient ; shift the moveable or third straight edge, and apply it in 
the same manner to another adjoining portion of the surface of the boarding. Proceed in 
the same manner until the whole line be completed on the surface. By this means, the 
necessity of laying down lines for the covering is avoided. The lines being thus drawn, 
ribs for the cross vaults are fixed on the top of the boarding ; so that, making proper 
allowance for the thickness of the same, its surface, when fixed, may form the true sur&ce 
of the other cross vault. The ribs fixed upon the boarding to form the cross vaults are 
called jack ribs. 

1952. The mode of constructing the curves by lines is shown for a rectangular groin in 
Jig. 640., in which A is the plan, B the elevation. 

Here, to find the pliant moulds for forming the ^ ^ 

groins on the surface of the boarding, and working • 
the arch-stones, describe a semicircle on one of its • 
sides, and divide it into any convenient number f 
of equal parts. Draw lines perpendicular to the j 
base or diameter, the semicircle being supposed to be | ' 

within the piers ; the ordinates will cut the diago- I . ■ 

nals ; but if it be laid down on the outside, the or- [ *5 /, ; 

dinates must be produced until they cut the diago- | I ' 

nals. From the points where the ordinates cut the | (■ ' 

diagonals, draw lines parallel to the other side of the ' • — 

groin, and produce the side on which the diameter 
of the semicircle is placed, and extend the semicir- 
cular arc with its divisions upon any convenient part 
of the line thus produced. Through the points of 
division draw perpendiculars, so as to intersect with 
the former parallel lines ; then through the points of 
intersection draw the curve, as shown at C, which 
will be the mould required. 

1953. Sometimes several vaults meet in one com- 
mon centre, as in Jig. 641., which exhibits the plan 
of an equiangular and equilateral groined vault, 
constructed of semicircular arches. 




Fig. 640. 
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I1g.641. Fig. 642 


1 954. Where the piers supporting groins 
642.) are made octangular, the angles of the 
groins should be cut off or arched as ribs, by 
which they are rendered much stronger than 
when they are square. In stone groins, where 
the arch is cut off, there is no advantage in point 
of strength, and rather a defect in point of ap- 
pearance, to the groined angles. 

1955. Arches intersecting a coved ceiling are 
similar to groins. Such arches are called lunettes^ 



and are generally practised for semicircular- 

beaded windows piercing the coves in the ceiling : ‘ 

643. exhibits a plan and section of such arches. } ^ s 

1 956. A dome is a solid, which may be con- ' * . 

ceived to be generated by the figure of the bise f / 
diminishing as it rises, till it becomes a point at 
the summit ; and when a dome has a polygonal 
base, the arches are plain arches, and the con- j 
struction is similar to that of a groin. A domed 
ceiling of this kind upon a rectangular plan is 
shown in plan B (Jig. 644.); the sections AA [ 3 / 
being elliptical in the top, and with lunette win- 
dows. C shows the geometrical construction. 




i-i^. (>•!.>. 
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1957. When arehea intereeet an incline vcndiy and the prejeetione of the orrisjcj cross 
each oth&f" at right anglest and the angle of elevation of one of the setnicirenUir vertical ribs 
of the ascending avenne or opening is given to obtain the geometric^ construction ; so that 
Ae cross arches mag be cylindrical surfaces. 

Draw the straight line AB 645.) to 
represent the axis of the inclined vault, and 
draw CD perpendicular to AB. Produce 
D to e and h ; make A C and A D each 
equal to the radius which forms the edges 
of the ribs; draw AN parallel to AB, and 
make the angle NAo equal to the inclination 
of the axis represented by its plan A B. In 
the line Ao take any point p, and draw qr 
parallel and ps perpendicular to AN. IVIake 
ps equal to AC or AD, and through s draw 
iJt parallel to ho. Draw pu perpendicular 
to Li, cutting it in u. Produce pu to v. 

Set the circumference of the inclined vault 
from u to r, divided into the equal parts 1 , 

1,2; 2, 3 ; 3», at the points 1 , 2, 3. Divide 
each of the quadrants 95, sr, into the same 
number of equal parts at the points 1, 2, 3, 
and through these points and in uv draw la, 

2A, Sc parallel to vt, and through the points 
1 , 2, 3, in the curve qs, draw i‘L, la, 26, 3c, 
parallel to pu. Through all the points 
1^0, 6 , c draw the curve La6cr, and this will be the pliable mould for forming the angle «r 
groin over the plan, and for working the arch stones. Draw DA parallel to Az. Let E 
divide the circumference CED into the two equal parts EC, ED ; divide the arcs DE, EC 

^into'the same number of equal parts as uv at the points 1, 2, 3, and draw Itc, 2x, 3y, E:, 
parallel to AB; also through the points 1, 2, 3 in the quadrant qu draw pA, lie, 2 j, 8y, uz, 
perpendicular to yN ; then through the points A, ic, r, y, 2, draw a curve, which will be the 
plan of the groin whereof the stretch-out is La6cr. In the same manner the other half of 
the plan will be found, as also the whole of the other parts. 

1 958. The form of an arch crossing an inclined groined vault at right angles^ and the plan 
of the diagonal ribs being given ; to find tke arch of the level vault. Let AB, BC {fg> 646.) 
be the plan of the axis of the vaults. Through any 
point A in AB draw DF perpendicular to AB, and 
make AD and AF each equal to the horizontal 
breadth of the vault. Draw DG and FH pa- 
rallel to AB; draw also any line LK parallel to 
AB, cutting BC in C, and make the angle KIL 
equal to the inclination of the axis represented by 
its plane AB. Make CM and CK equal to the 
breadth of the level vaults; draw KG and MN 
parallel to BC, and let MN cut DG in N, and FH 
in P- Draw the diagonals PG and NH. Pro- 
duce GK to cut IL in L, and NM to cut IL iu Q. 

In the curve DEF take any number of points a, 

6, c, and draw od, 6c, c/ parallel to AB, cutting DF 
in the points p, 9, r, and the diagonal GP in <4 e^f 
and the diagonal HN in the points d', d^f'. Pro- 
duce BA to E, draw dZ, cm, Bo parallel to BC, 
cutting QL in the points y. A, «, A / make yZ, Am, in, 
ho equal respectively topa, 96, rc, AE; then through 
the points I, m, n, o, draw the curve QoL. Draw H R 
perpendicular to NH, and make HR equal to KL, 
and join NR ; then will HR be the line of ramp for 646. 

the di^onal rib over its plan HN. Perpendicular to HN, draw dv, e'w,fy, BG cutting 
the line of ramp BN in the points s, t, u, v. Make sv, tw, uy, vG respectively equal 
to pa, qb, re, AE. Then through all the points v, w, y draw a curve, which will be the 
angle rib standing over HN, and which will also serve for the angle rib standing over 
GP. All the groined vaults continued in the same range may be constructed by the same 
moulds. 

1 959. 7b make the working* drawings for a semicircular arch with a straight face, and 

to describe the moulds for the voussoirs. simple case will serve as a rule for those fol- 

lowing ; hence the explanation should be perfectly understood, as all the other- cases dide* 

M ra 
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feaftitMiKy aeccmBngtothe difier^t kinds of arches to be constructed; suchasthe5eve2Zed 
anA tbat in a haUerinp or doping icaR, and that on a circular waU. 

1960.. Draw two lines {fig. 647.) perpendicular to and crossing each other, as BA, GD 
From the point £, as a centre, describe 
the sofite curre ACB, and the extrados 
CMT upp^ curve FGH. Divide each of 
arcs into two equal parts, as the 
dotted arc o&c. Draw LM parallel to 
AB, and make the distance A' E equal 
to the thickness of the wall wherein the 
arch is to be constructed. Draw the 
outer and inner lines of the plan F'K, 

AX, B'M, HN parallel to CD. Divide 
the arc ACB into the proper number of 
equal parts for the arch stones or vous- 
soirs, suppose five, by the joint lines 1, 

2, 3, 4; from the point £ draw the 
joints 1 — 5, 2 — 6, 3 — 7, 4 — 8 ; then from 
every point where the joints cut the 
arcs ACB, FGH, &c. draw the lines 
8c4, 7A3, &C. On KN let fall the 
perpendiculars cM, hi, 3k, 2Z, mn, 

6o, Ip, aL, and 5$. Divide the sofite of 
each voussmr Al, 1 — % 2 — 3, &c. into 
two equal parts in r, «, v, tc, from which 
all also 1^ fall the perpendiculars tY, 
cV, »T. 

1961. To drato the moulds of the 
sofite below NK. Draw the line OP 
parallel to the line KN; prolong ED 
to Z and make the distance QJZ equal 
to ED. Through Z draw RS par^lel 
to OP, and on each side of QZ lay off 
the distances CS, Sr, r4, 4ir, and tcB 
respectively on Q;r, xy, ya, ah, and 6P. 

On the other side lay off C2, 2a, ul. 

If and (A on Qc,cd^<fr, ^,and/0. llirough the points O, e, e, x, a let fall on KSthe perpen- 
diculars OR, ea', cd', xc', ad, P^ and through the points/, d, y,b let fall the perpendiculars 
from the middle sheeting fd, df, yg', hh‘ ; the distances of the dark lines give the breadth 
of the sofite of each stone in the sofite curve. 

1962. To drato the moulds of the joints : lay off* the distance 1 ->5 on eg, cA, xi, ah, and 
through the points ghin draw the lines gq. Id, im, kp, parallel to Q.Z. To find the middle 
of the joint divide the distances eg, ch, xi, an, each into two equal parts, as in k', m', g', s, 
through which draw the lines kT, m'n% q'r, s't parallel to QZ. 

1963. The elevation is a section of a hollow cylinder, of which the concave or interior 
sur&ce forms the intrados of the arch, and the convex or exterior sur&ce the extrados, and 
of which the cutting plane of the section is perpendicular to the common axis of the 
eylind^. 

1964. The angles of the stone are found firom the angle which the arc of this section 
makes with any joint, and the curving of the sofite of the stone is found by a ruler or 
mould, the ed^ of which is made to the curve. The ends of the sofite are found by its 
dev^opement. 

1965. When tiie stones are shaped according to the moulds, 
awA joined togetiier in consecutive order, the whole mass, thus 
unit^ will form the solid arch as required. 

1966. These separate operations being properly attended 
to, every difliculty will be removed, and no confusion will 
arise during the process, which can, in any degree, tend to per- 
plex the delineator. 

1967. To find the heeds and moulds for the joints and sofites 

of an dUpHcal arch cutting obliquely through a straight tcdO, 
the joints raditding to the centre of the opening. Draw the axis 
EN of the arch ifig. 648.), therein take any point E, 
throu^ which draw AB perpendicular to EN; make EAand 
£B eadk equal to ba^ the space of the extrados or centre 
ling of the arch ; alan EC and ED each equal to half 

the ispSBL of the imwff ardbu Produce the diameter NE to G ; 
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make £F equal to the height of the inner arch and £G equal to the height of the outer 
arch. On the m^or axis AB, and semi-minor axis EG, describe the semi-ellipsis AGB, 
which is the extrados o{ the arch. Also, on CD as the major axis, and £F the semi-minor 
axis, describe the semi-ellipsis CFD. 

1 968. Make the angle ABH equal to the angle which the wall makes with the right 
section of the arch, and let BH cut the axis in K. Draw ML at such a distmice from 
BH that they may comprehend between them the thickness of the wall, and let ML cut 
the axis in N. '^e intrados of the arch on the one side of the wall is OPR, and the 
extrados is LQM ; they are both ellipses respectively of the same height as the intrados 
and extrados of the right arch, but with the axes OR and LM. 

1969. To find the bevel of ilte angle of the arch stones corresponding to the joint ah 
tending to the centre £. Describe the arc be from £ with the radius 1^ cutting AB in 
c. Draw bg parallel to £N cutting BH in g^ and draw cd parallel and gd perpendicular 
to £N, and join KD ; then EKD is the angle or bevel required. 

1970. The sofite of the arch is drawn according to the general principles of develop^nent. 

1971. To make the working drawings for an arch in a sloping waJli as, for instance, an arch 
in a terrace wall. To draw the elevation; from any convenient point o in the line AB 
(^fig. 649.), describe the arc of the intrados * 
aVf and the arc of the extrados AQB : di- 
vide each of these arcs into odd numbers of 
equal parts (for the arch stones in this ex- 
ample five), and draw the joints bg, ch, di, ek. 

For the plan of the arc of the intrados draw 
AR perpendicular to AB, and draw the line 
of slope or batter AS. In the arc of the in- 
trados take any number of points bed, Ac. 
and draw the lines bb, cc, intersecting AR in 
the points 1, % Ac. and meeting the line of 
batter AS in the points be. Draw CD pa- 
rallel to AB, and at any convenient distance 
from it draw avbvew perpendicular to CD, 
intersecting it in the points e, 4 n, Ac. Find 
the points b\ c', d' in the straight lines bv, mw, 
nx, such that the distance of those points 
from the line £D may be respectively equal 
to the intervals 16, Ic, Ac. between the per- 
pendicular AR and the line of batter AS, 
and draw the curve a' b' c' e'fi, which will 
be the plan of the arc of the intrados. In 
the same manner the curve Ep'A'ii&D may be 
described ; which being done, the plan of the 
arc of the extrados will be obtained. 

1972. To find the moulds of the sofites 

and beds. Draw any straight line HI in a 
separate place, and extend the arc of the in- 
trados ahedef upon the line HI from H to 1; 
divide it into the same number of parts that 
the arc aVf of the intrados is divided into (in this instance five), and mark the points of divi- 
sion^r, m', n', c\ Transfer the distances ea', lb', me' between the line CD and the plan of the 
arc^of the intrados, to the perpendiculars n”a‘*, V'b" , n'd", c"e", and through the points 

dW' d"ey" draw a curve, which will be the developement of the arc of the intrados. Pro- 
duce the lines lb', me', n"d!', to v", w", x", and transfer the distances b'v, e'w, dx from 
the plan to the sofite on the lines b"i/', e'w", d'x". Draw ga", hb' , ic", kdt’ perpendi- 
cular to HI; transfer the distances g'a, h'b, i’c from the plan to the sofite upon ga", kb", 
IC , and join d'v", b"w", x"c", which will complete the mo^ds of the joints. 

1973. To make the drawings for an oblique arch by an abridged method. The following 

method is said to be abridged, because, by one very short operation the moulds of the 
TOfit^ and joints are found within the plan of the arch ABDC {fig. 650.> Divide AB 
in L equal parts, and draw EF parallel to AG. From the point A draw AG 

perpendicular to AC; prolong DB to G ; divide AC into two equal parts in the point H. 
From H, as a centre, describe the arc AFG, which divide into voussoirs, and draw the 
joints from the centre H. Draw lines from e^h sofite parallel to E F, and below the line 
CD; toe moulds for the sofites are comprised between the parallels of the key, and those of 
the joints are traced on the sides of the plan, as follows : — 

1 974. To find the moulds bf the sofites. Through the point Q, draw QN parallel to 

point N, through the point K draw KL also parrallel to GH. To 
find on QT toe point M, and on RS the point L, draw the front line of toe second sofite 

Mm2 
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MN, and the front line of the first II^ The 
back of this sheeting sofite is found by the same 
operation below the plan. The mould of tlie 
key is formed by two lines RS, QT, and the 
front and back lines of the plan AB, CO; the 
two moulds of the sofites NMTS and LIXV 
serve to trace the two stones on each side, ob- 
serving only that the lower arrisses of the sofite 
. on the side AC become those of the top on 
the side BD; or that the under arriss of one 
side may be that on the other side by reversing 
the mould, which will have the same effect. 

1 975. To Jind the moulds of the beds or joints. 

Prolong NQ, to meet DG, to find the point P, 
and through it and the point E draw the front 
of the second joint P2j prolong LM to GD to 
find O, through which and the point E draw 
the front of the joint 03. Proceed in the same 
manner to find the backs of the other joints, which 
are sufiScient also to trace the stones by reversing 
them. It is not absolutely necessary to cut out 
the moulds of the sofites and joints, but the 
angles may be taken by bevels and applied to 
stones. Tlie heads are prepared, as usual, with 
the moulds of the heads of the straight arc. It 
must be observed, that in this arch the face or 

front differs from a straight arch, being formed by different sections of a cylinder. 

1976. To find the moulds for an oblique archy whereof the front slopes and the rear are per- 
pendicular to the axis. Let A'B'GII (fi,' 7 . 

651.) be the plan of the imposts. From 
the point a', as a centre, describe the aics 
ACB, DRI, which divide into five or more 
equal parts for the arch stones. Draw 
the joint lines from the centre, and the 
perpendiculars from the joints below the 
line AB. From the summits of the per* 
pendiculars, draw‘s lines parallel to AB, 
to terminate in the perpendiculars DF. 

From the point D, as a centre, describe 
arcs from the points which terminate in 
DF, to meet the line of slope DE in the 
points m, Ij k, E. Draw the lines mr. A, kt, 

EF parallel to AB, meeting the perpendi- 
cular DF in the points rstF ; transfer the 
distances rm, tk^ wP from n to 5', from o 
to c', from a' to s', and through the points 
A'5'c'd'c'B' draw the curve. Find the 
extrados or outer line ^fyhi in a manner 
similar to that in which the inner curve 
has been found. Draw the joints h f, c y, 
d’h, e'i. Prolong AH and BG to K and 
L, and draw the lines b'b, cc, d'd parallel to AK. 

1977. To make the straiyht arches. Draw KL perpendicular to AK, and produce KL to 



/“and g. Transfer the distances between the points m, 
ordinates of the lower arc from 6 to v, from c 
to w, from d to X, and from Q to Y, and draw 
the curve K»»aryL. Also find the outer curve in 
the same manner, and draw VT at right angles 
to AH. 

1978. To find the moulds of the sofites. Draw 
the line WX {fig. 652.) in any convenient sur- 
fece, and lay the breadths of sofite, not from the 
arc ACB as before, but from those of the right 
arc KmcxyZt, that is, transfer the distances Kr, 
vw, WX, xy, ylj to the line WX upon Wo, oa, Bh, 
^8<4and8X. Through the points W<i5yc/X,draw 
the lines ny, ei, fk, yl, hm, Sz, perpendicular to 


I, k, D, and the line Q.D to the 
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WX. Transfer the distances lA, 25\ 3c*, Ad\ 6 B upon the perpendiculars to WX. From 
\V«, from a to e, from h to /, from c to g, from d to A, and from X to r, and join ne, ef, fg, 
gh, hv. In the same manner draw the line yihlmz, which will complete the sofites. 

1979. To find the moulds of the joints. Transfer the distances rjS, wy, xd, ye, on the line 
XW from a to o, from b to /3, from c to y, and from d to 5, and through the points a, ft 7 , 5 
draw the lines wy, os, 8 m perpendicular to WX. Find the points 71,0, y, 9 , as also r,.%t,u, as 
in the preceding examples; then the moulds of the joints will be eim, fkso, htig, hbug. It 
must be observed that the boundaries, or extrados and intrados, Dili, ACB of the ring of 
the arch, do not stand in a plane perpendicular to the plan, but are supposed to be the 
lines which are drawn on the wall itself ; and this is the reason why arcs are described 
between the perpendiculars DF and the line of slope DE. It must also be observed, that 
the voussoirs of this arch must be cut by the moulds of the heads of the straight arch, and 
the moulds of the sofite must be applied on the voussoirs before the sofite is hollowed. 
Thus, let the first voussoir on the right hand be cut by tlie head mould on that face of the 
stone intended for the sofite ; apply the first sofite mould, and its upper bed the first joint 
mould, and on its under bed the plan of the impost. Then cut the two heads according 
to these moulds, and hollow the sofite square to its arrisses, using for this purpose the 
curved bevel. 


^ '"'.J uTif' 
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1980. To find the moulds for executing a semicircular-headed arch in a mass of masonry^ of 
which one of its faces is a battering plane upon an oblique plan, and the other opposite face a 
portion of a cylindric surface. Describe 

the intrados and extrados of the eleva- / — - 

tion ; draw the joints and describe the 

plan a'fe'c'd'e/' of the intrados (^y. 653.), ^ 

and the plan Ey'ATA'D of the extrados. - - r- - zrfm 

Draw BR‘ perpendicular to AB, and j'i j i 

draw BS', the portion of the cylindric jX^'f : !;! 1 'i' ; i\"*\T'V / 

surface. From the arc BS' draw the \ r"".''”/ ; ' Ijl \ !;}'! 1 

plan a'/'mVo/* of the intrados upon the f' < ■ 1 ‘ j ^ ! i 111 ;i f 

line TU, and the plan Ty'^V'^'U of the .a f ; 1 li; j <:; • j ^ ^ B, 

extrados in the same manner from the p- \ f, \ Id'e ■ e' ''/ n 

arc BS, as the plan of the plane face i T”! iTH 'o' ' - — 

was drawn from the line of slope AS. — 1 i 

1981. To find the plan of any joint, j 

as that for the line or joint ch in the '1 

elevation. Bisect cA in t*, draw cm*, ru?', "I ' H ^ 

and A 9 ' perpendicular to AB, intersecting j' j !■ j " | i'i _i , ^ 

the line VD in the points quc. From a* | I ■ , ! 

the points crA, in the joint ch, draw cc, LL ^ \ A' ^ 

vv, hh, meeting the line AS in the points 

cfA, and intersecting the Ime AR m the ^ v* r 

points 1, 3, 2 by three intervals, Ic, 3r, e-, 3 ^ 

2A. Find the places Arc of the three 

points Arc on the elevation. In the same manner find the places qw'm' of the three cor- 
responding points ; then will c'v'h'qw'm' be the plan of the joint required. Tlie plans of the 
other joints will be found in the same manner. 

1982. To find the joint mould itself Draw* the line HI {fig. 654.) equal in length to the 

developement of the intrados, and let He ^ . 

be the developement of the arc ac ; draw hA, — ^ ^ ^ — ri ^ ^ : 1 , 

cm" perpendicular to HI. Draw any line i ii • j; ' > T 

WX in the plan parallel to VD, inter- " ' llj, ,j' 

secting the lines c'm', v'w\ h'q', in the ^ \i iTTjT' i i| ' 'i|: 
points 1, 2 , 3. Draw W'X' in the deve- ^ ’'if ! [l‘', j:' ' ! iJlii' v' 

lopement or sofite parallel to HI, and ^ ^ 

at the same distance from HI that WX i|' I'ii: ’ ! *’*' ![ 1 ' 

is from VD in the plan, and let WX in- ^ ' I' M 

tersect the line c"m" in 1 . Make the ‘ 

distances 1 — 2, 2 — 3 respectively equal 
to cr, vh, in the joint ck in the elevation, ^ 

and through the points 1, 2, 3, just found, 

draw VW, h"q'\ parallel to C'm". From the plan transfer the distances 2 r', 2 m-'. 3A', $ 9 " to the 
sofite from 2 to V, and from 2 to W ; also from 3A'' and from 3 to g the points cvp" will be 
in a straight line, because they correspond to the straight face of the wall, and the points 
m", w, q" will be in a curve, because they correspond to the cylindric surface. Draw, there- 
fore, the straight line c"A", and draw the curve line m"wq", which will be a portion of an 
ellipsis, differing in its curvature but in a very small degree from that of a circle drawn 
through the same three points. However, if more exactness be required, we may find as 
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many points in the joints of the surface of the wall and in the cylindric surface as we please; 
ihea e"m"p"h'' is the joint required, which serves for the upper and under beds of the two 
stones that unite together in that joint. 

1983. Find all the other joint moulds h'T'p"g'\ in the same manner, 

and find the points a'^f" in the developement. Through the points a"h''c"d''t"f'' draw a 
curve line by hand, or by a ruler bent to the points, and this will be the front curve of the 
sofite. Find the points k''p” in the developement corresponding to the points a' andy* on 
the plan, and through the points corresponding to the points a' and f on the plan, and 
the points li'’X'm''n'o'*p", draw another curve, which will be the developement of the 
other side of the sofite. The developements of each of the parts of the sofite and of the 
two adjacent joint moulds give the three moulds for working one stone and the adjacent 
joints of the stone on each side of it. The angle which each of these joints makes with the 
sofite is found by making a bevel with one of its edges, circular for the intrados of the arc 
of the elevation, and the other to coincide with the joint line adjacent. 

1 984. To find the moulds for executing a gateway in the quoin of a sloping wall. Let 
ABCD (fig.655.') be the plan of the angle 
in which the arch is to be constructed, 
whereof AB is the span. Draw the centre 
line EL, to which draw the perpendicular 
FG. Prolong the line CAto F, and DB 
to G ; then from the point L, as a centre, 
describe the sofite FHG and its extrados. 

Divide these arcs into equal parts for the 
arch stones, and from the divisions let fall 
perpendiculars, and also from the middle 
of the sofites to EC, ED. From the sum- 
mits of the perpendiculars draw lines pa- 
rallel to FGterminated by the linesof slope 
Set off the slope at the different heights 
ol, a2, cS, u4 respectively at right angles 
to the lines on the plan, on dl , 62, 64, 

K5 ; also on the opposite side • lay a2, a4 
on 64 ; then on one side draw the curve 
A66E, and on the other, to abridge the 
work, join B6, 66, 6K. Again, for the 
outer curve, or extrados, set off cl, c2, cG 
on di, d% N3. On both sides draw the 
curve MddO on the one side, and to 
abridge the labour, draw the straight lines 

Od, dd, dN. 

1 985. To find the moulds of the sofites. 

Draw the line PQ, (dg. 656.), on which lay 
the arc of the sofite FHG in the usu^ 
manner, making the points 1, 2, 3, which correspond to the points dividing such arc into equal 
parts ; then on the lines of the sofite lay the distances 
FA, /"d, gh, A6, LK, on PR, lA, 2/, 3m, 4m, Q,S, and 
trace the front curve of the sofite RA/mnS. Also repeat 
the same on the other side where there is only a straight 
line drawn from one sofite curve to another. 

1986. To find the hack curve of the sofite. Lay the dis- 
tances eOifp, gq, hr, LE on PT, lo, 2#, 3w, 4v, QU, and trace 
the curve TotuvU. 

1987. To find the moulds of the beds or joints. The 
sofite lines to which the beds belong are 2t and 4i’. 

Draw the straight lines e6, fd parallel to Q.U, respectively distant from 2t, 4v by the 
breadth GI of the joint, and let the lines 6e,/d meet PQ. in e and /; make ea equal 
to gd, and ab equal to dwj and join aly bt ; make fc equal to Ad, and cd equal to dx, and 
join nc, vd. To trace the stones by moulds, prepare the voussoirs with the head of the 
moulds of the straight arch FHG. The sofite should be hollowed in each voussoir by 
its particular mould : the rest is done as usual ; but it must be observed, that if the 
sofite moulds are made with straight lines in front and near the sofite, it must not be hol- 
lowed till the last. The voussoirs may be worked by bevels, preparing the stones by the 
plans ACVM, BDWO, as for common imposts. Although the arch in each front be not 
absolutely necessary here, we shall give the method of constructing it. Let the line mn 
be drawn apart, on which lay the distances L5, L4, L2, LA on the lines ns, nq, no, nm 
square to mm. Draw the perpendiculars op, qr, st, on which lay the heights of the joints of 

straight arch taken on the line of slope ; that is, lay I2, on op, l4 on qr, I5 on st, and 


9 4 3 2 1 p 



b 

Fig. 656. 
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draw the line nt, which is the slope. Then draw the curve mprty and from the point n draw 
the joint lines pv and rX. The centre of this gate is represented (in the upper part of the 
diagram) with voussoirs, and the keystone placed behind to show the mitre of the centre. 
The sofite moulds serve for curving the ends of the stone where the intrados meets the 
surface of the two walls. It must, however, be observed, that, previous to the application 
of the sofite mould, the concave surface of the intrados must be formed by a mould with a 
convex edge, and then the sofite mould or moulds of developement must be bent into the 
hollow, so that the two parallel edges may coincide with the corresponding edges of the 
stone. The angles which the intrados makes with the joints are taken from the ele^ation 
of the face of the arch. This elevation is no more than a section of the arch perpendicular 
to the axis of the cylinder which forms the intrados. 



1988. To construct a semicircular-keaded arch in a round tower or circular wall. Let 
ABDC {Jiff- 657.) be the plan of the tower. Bisect the 
arc AB, and through the point of bisection draw EF parallel 
to the jamb line AC or BD. Through any point a in EF 
draw GH perpendicular to EF. Produce the lines C A and 
DB to meet GH in the points G, H, and GH will l>e bi- 
sected in a. From a, as a centre, and with tlie radius aG or 
aH, describe the semicircular arc GFH. Also describe the 
arc of the extrados and divide the arcs each into five equal 
parts, and let fall the perpendiculars of the joint lines, and 
those of the middles of the sofite curves to the inside circu- 
lar line CED of the tower. Having extended the arcs of 
the intrados curve on the lino I K, and having drawn the 
lines of the sofites and those in the middle of each sheet as 
before directed, lay off the distances between the right line 
GH and the circular outside line A6B, viz. GA on IX and 
on KZ, cd on c/, \g on hi, SA on Im, Mm on op, ah on qr ; 
then trace the front curve on the sofite XrZ. To find the 
rear curve, lay GC on lY, cC on eS, &c., by which the 
rear curve will be obtained. 

1989. We do not consider it necessary to pursue the 
construction of the moulds, the operations being very si- 
milar to those already given in the previous examples. 

1990. To Jind the moulds for an oblique semicircular arch in a circular tower. The 
construction of this differs from the preceding only in the bevel or obliquity of the tower; 
hence it requires no particular description ; only 
observing, that the bevel causes the mould to be 
longer on one side than on the other (see Jig. 

658. ), as is evident from the plan; therefore 
the distances taken between the right I’uie AB 
and the circular line of the tower CDE, being 
unequal, must be transposed each on its particu- 
lar line of the mould and joint to which it cor- 
responds in the sofite, that is, the distance AC 
must be laid on FG, BE bn HI, and so of tlie 
rest. To work the stones, dress the beds, then 
apply the proper moulds and cut the head and 
tail circular as before. Trace the breadth of the 
sofite on the upper bed, then hollow the sofite, 
and cut the joints by the bevel. 

1991. To construct an oblique arch in a round 
sloping tower intersecting a semicircular arch within 
it. This is nearly the same as the two preceding 
cases. On one side draw the line of slope {Jig. 

659. ) AB, and on the other the arc CD. Draw 
parallels from the divisions of the sofites and their 
middles, as in the figure, in order to cut the line 
of slope and arc. To work for the slope, set off 
all the retreats comprised between the perpen- 
diculars AH and the line of slope AB on the 
perpendiculars of the sofite, square to the front 
line of the tower F 19 G, as follows ; Transfer 

the retreat 9 — 10 on 1 9 — 20 by placing the com- Fig. fiss. 

passes so that the line 19 — 20 would pass 

through the centre of the tower, and the point 20 fall on the centre of the gate O 75, 

and 7 — 8 on 17 — 18, and on 21 — 22 in the same manner (only terminated by the lines 

M m 4 
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from the sofite instead of the centre line of 
the arch), set also 5 — 6 on 15 — 16, and on 

23 3 — 4 on 13 — 14 and on 25 — 26, and 

lastly 1 — 2 on 11 — 12 and on 27 — 28, and 
through these points trace the sofite 28 — 20 
— 11. The extrados is found in like manner, 
and the middles of the joints 47, 49, 53 ; which 
done, draw the plan of the joints 14 — 47 — 35, 
18 — 19—37, 22 — 51 — 39, and 26 — 53 — 41. 

1992. To find the curve of the plan which 
terminates the tails of the moulds. Set the 
projections of the buttress of the semicircular 
arc at right angles to the inside line of the 
tower ; viz. 64 — 65 on 74 — 75 ; 62 — 63 on 
72—73 and on 76—77; 60—61 on 70 — 71, 
and on 78 — 79, 58 — 59 on 68 — 69. and on 
80—81 ; 56—57 on 66 — 67 and on 82 — 83 ; 
then trace by hand the curve 83 — 75 — 66. 
The curves of the extrados and joints are 



I'lfj. 65y, 


found in the same manner. 

1993. To find the moulds of the sofite. Draw the line of direction 9-1 — S4 {fiy. 660 ) 
as before, below which set off the distances I — 1 1 or 
84 — 85, K— 12 on 86— 87, 1^1 4 on 88 — 89, M— 16 
on 90—91, N — 18 on 92 — 93, O — ^20 on 94 — 95, and 
then trace the front of the sofite moulds 85 — 95 — 99. 

To find the rear, set I — 66 on 84 — 33, K — 67 on 
86 — 36, L— 69 on 88 — 100, M — 71 on 90 — 98, N — 

73 on 92 — 97, O — 75 on 94 — 96, and trace the rear 
curve of the mould 101 — 96 — 33. 

1 994. To find the moidds of the joints. Transfer 
P _19 on 31—54, Q— 37 on 32—48, 1—47 on 42 — 52, 

R 35 on 43 — 40, and through these points trace the 

front joint or bed moulds 93 — 54 — 48, 89 — 92 — 40. ggo. 

To find the rear, make 31 — 50 equal to PV, 32 — 38 

equal to QX, 42 46 equal to IT, and 43 — 34 equal to RS; wliich done, trace the 

curve lines 97 50—38 and 100 — 46 — 34. The two other joints are found by the same 

method. We do not consider it necessary further to multiply examples of the kind here 
given ; the latter sort, especially, rarely occur in practice ; and if they should, all that will be 
necessary to master the operations will be 
the application of a little thought and study. 

1995. III. Op Dome Vaulting. In 
whatever Erection a hemispherical dome 
is cut, the section A is always the same. 

B represents one half (see fig. 661.) of the 
same in the plane of projection. The con- 
struction is sometimes such that the plan 
is only a semicircle, as B, as in the ter- 
mination of the choir of a church : in which 
case the French call it a cul-de-four ; with 
us it is called a semi-dome. 




1996. Through the extremities of the 
joints, and through the middle of each 
sofite of the section A, let fall on the line 
ah, perpendiculars, whereof all the distances 
dc from the centre c will be the radii of the 
arcs, which will serve for the developement 
of the sofites, of the joints, and for the 
construction of the arch stones. The me- 
thod which follows, though it will not 
perhaps give the sofites and joints strictly 
accurate, will do so sufficiently for all prac- 
tical purposes. Upon the developement 
C make SC equal to the arc MDGC, then 
set out to the right of the points of di- 
vision the parts ST equal to st on the plan 
B ; then raise through the points T 
upon the line SC perpendiculars equal 


V y 



Fig 6tjl. 
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to the correspondents e, U d of the plan B, and draw the curve ESD through the points so 
found. 

1 997. The sofites are terminated by four curves, whereas the joints have two right sides, 
as UI, El, and DO, EO, and two curved sides, as II, DE, and OO, DE; the widths 
DI, DO of the joints are equal to DI, GE of the section; in one direction they are curved 
only one way, but as respects their solites they are so in every way. The heights of the 
voussoirs are given by the section A, their bases on the plan B. Thus G, I, in the voussoir 
next the keystone, being the most opposite points, the base of it on the plan will be comprised 
betw’een the two arcs dte^ which answer to the perpendiculars let fall from G and I. The 
base of the first voussoir, according to the first method, will be equal to the surface com- 
prised between the arc aq/* and the arc dse, which answers to the perpendicular let fall from 
the point D. 

1998. EF and GH are the diameters of the upper and lower bases of a truncated cone, 
whose lower surface is hollowed out spherically. After working the voussoirs, so as to 
make their bases such as we have just indicated, they must be worked to sofite moulds for 
giving them the hemispherical form of the section ; after which the angles of the moulds 
are joined by arcs parallel to the arrisses of each stone, or by applying a general mould of 
the form of the section, that is, circular, of the radius of the dome. 

1999. For the pendentives formed in an hemispherical dome. The piers D and E are 
supposed those of half the dome pierced by the pendentives. If we suppose the face or 
elevation B {fig. 662.) to make 
one quarter of a revolution 
about the point A, we obtain 
the elevations B and C. 

Through the points of division 
on the elevation C draw to the 
arc AD right lines perpendicu* 
lar to CA. On the extremi- 
ties of these lines upon CA, 
and from C, as centre, describe 
arcs in the plan F, by which 
the plan of the projection on F 
is obtained, whose intersections 
with the right lines drawn from 
B will give the joints and faces 
for the level beds. The lines 
IIF, FE, ED are right lines. 

The spaces GAEF, FIIIK are 
pieces of cylindrical vaulting, 
so that the only difficulty is in 
joining to each of their vous- 
soirs their correspondent parts 
in ELMHFE. 

2000. The elevation B gives 
the height of the voussoirs ; 
their bases, as seen in the preceding example, will be OPQRNO, GSTUVKFG. The 
length of the keystone will be XY, and a — A will be half its width. 

2001. The part FQR is the plan of the springing stones of the pendentive in the eleva- 
tion A. The remaining parts of the construction arc sufficiently shown by the lines of the 
diagram, which will be understood by the student if he has previously made himself 
acquainted with the previous portions of this section, 

2002. We should willingly have prolonged this part of our labours, if space had per- 
mitted us to do so without sacrificing other and important objects. If the subject be one 
in which more than the ordinary practice of the architect is called upon to put into execu- 
tion, we refer him to Simonin, Coupe des Pierres, Paris, 1 792, and Rondelet’s Art de Butir, 
which we have used with much freedom, and in which many more interesting details will 
be found than we have thought it absolutely necessary here to introduce, though we be- 
lieve we have left no important point in masonry untouched. We cannot close this section 
without paying our tribute of respect to the masons of this country, who are among the 
most intelligent of the operative builders employed in it. A very great portion of them 
are from the north of the island, and possess an astuteness and intelligence which far exceeds 
that of the other classes of artisans. We must not, however, altogether do this at the ex- 
pense of those employed in carpentry, which will form the subject of our next section, 
among whom there will be found much skill and intelligence, when the architect takes the 
proper means of drawing it out ; and we here advise him never to be ashamed of such 
means. 



Fig. 662. 
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Sect. IV. 

PRACTICAL CARPENTRT. 

2003. Carpentry is the science of framing or letting into each other an assemblage of 
pieces of timber, as are those of a roof, floor, centre, &c. It is distinguished from joinery 
in being elFected solely by the use of the axe^ the adze, the saw, and the chisel, which 
are the carpenter’s tools ; whereas joinery requires the use of the plane. 

2004. Though necessarily of high antiquity, the very scanty information which Pliny 
and Vitruvius have left us on the subject would merely show that the science was known 
by the ancients. The roofs of Egypt present us with no more than flat coverings of massy 
stone ; a pediment roof, therefore, would seem to have been among the first efibrts of con- 
structive carpentry ; and upon the pitch which this, then and since, has received in different 
countries, we shall hereafter have to speak. The Greeks appear to have used carpentry in 
the construction of their floors and some other purposes ; but in a country abounding with 
stone and marble, it is not likely that wood was much used in the interiors of their build- 
ings, unless where lightness, as in doors, for instance, required its employment. With the 
Romans it was much more commonly used ; and from all that can be gathered, we may 
consider them as the fathers of the science- 

2005. Among the moderns it has been very successfully cultivated ; .and, with very 
few exceptions, we may almost assert that the works of Palladio, Serlio, Delorme, Sir 
Christopher Wren, Perronet, and a few others, exhibit specimens which have scarcely been 
surpassed in later times, notwithstanding the scientific form it has assumed in the present age. 

2006. To the mechanical principles of carpentry we have, in Chap. I. Sect. XI. of this 
Book, directed the attention of the student ; and to the section now under our pen 
we should have added the heading Descriptive to Practical Carpentry, but that much of 
what could have been said on that head has already been anticipated in our section on 
Descriptive Geometry. Hence, in what follows, that which comes under such predicament 
will be only given in particular cases, for the purpose of saving time and trouble to the 
reader in the application of its principles to them. We must, here, also remind the reader, 
that under the section of Mechanical Carpentry have been described the different sorts of 
timber used for building purposes, their strengths, and the strains to which they are 
subject and which they are capable of resisting ; and that therefore this section is confined 
simply to putting pieces of timber together, so as to form the assemblage of timbers under 
which we have commenced by defining the science. To do that properly requires great 
skill and much thought. Considerable waste, and consequent expense to the architect’s 
employer, result from that ignorance which assigns to the scantlings of timber larger 
dimensions than are absolutely necessary for the office of each piece ; insufficient scantlings 
will bring the architect into trouble and responsibility ; and the improper connection of 
the pieces will be equally ruinous to his reputation. The principles of practical carpentry 
are, nevertheless, simple ; and though to form new combinations and hazard bold and 
untried experiments in practice will require all the skill and science of a talented artist, the 
ordinary routine of carpentering is to be learnt by a little application and a due exercise 
of common sense. 

2007. After these observations, we must introduce the student to the first operation 

which in practice may arise. It is not every where that timber can be obtained in suf- 
ficient lengths to stretch across the void he has to cover ; and it will in such cases be 
necessary for him to know how one piece of timber may be so joined to another, for the 
purpose of lengthening it, that the two pieces, when joined, may be as nearly as possible 
equal in strength to one whole piece of timber of the same dimensions and length. This 
operation is of great service to the builder, and is technically called scarfing. To perform 
it, the joints are indented, and bolts are passed through the pieces within the length of the 
indents, such bolts being confined above and below by means of nuts and screws. In 
fig. 663. four ways are 
exhibited of accom- 
plishing the object in 
question. A and B are 
the methods usually 
employed for joining 
together plates, lintels, Fig. 663. 

and ties, in which bolts 

are rarely necessary ; but if such a method is used for scarfing beams, bolts must be em- 
ployed. The stronger forms, which only should be used for beams, shown in C and D, are 
not only in that respect such as should, on that account, be used for beams, but are exe- 
cuted without loss of length in the pieces of timber. The length of the joints of the 
scarfing may be increased at pleasure ; the diagrams are merely given to show the mode 
of doing what was required. With fir, however, when bolts are used, about four times 
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the depth of the timber is a usual length for a scarf. Scarfing requires great accuracy 
in execution ; for if the indents do not bear equally, the greater part of the strength wiU 
be lost : hence it is improper to use very complicated forms for the indents. 

2008. Pieces of timber are framed into and joined to one another, by the aid of 
mortices and tenons^ and by iron straps and bolts ; and on the proper placing of these 
depends the soundness of the work. If a piece of framing is to stand perpendicularly, 
as in the case of partitions, without pressure from either side, the mortice and tenon 
should be in the centre of the wood. But in the case of framing floors, in which 
the pressure is on the upper surface, and entirely on one side, the mortices and tenons 
ought to be nearest the side on which the pressure is, by 
which the timber will not be so much weakened ; and 
hence it is the constant practice to cut the mortices and 
tenons as in Jigs. 664 ^ 665. By the method shown in the 
last-named figure, the tenon obtains more strength from | 
mi additional bearing below, which is further increased by 
the inclined butment above, called a tusk. 

2009. The method of framing wall plates together at an angle, for the reception of the 
hip rafter on the dragon heam, and the angle ties for retaining the wall plates in their 
places, is shown in. Jig. 666., wherein AB is the mortice cut for the tenon of the hip rafter 



Fig. 665. 



Fix. €66. Fig. 668. Fig. 669. 


shown in^^. 667. Fig. 668. is one of the wall plates, showing the halving to receive the 
other plate, and the cutting necessary for dovetailing the angular tie. Fig. 669. shows the 
method of cutting the mortices and tenons of principal and hip 

rafters ; another method being given in^^. 670., and to be pre- ^ 

ferred where a greater resistance to thrust is sought, because by it t 

a double hutting is obtained on the tie beam. Inasmuch, how- 

ever, as in this last case the beam is cut across the grain to re- I - 

ceive the rafter, the part left standing to receive the heel of the | -^ | ^ 

rafter may be easily split away ; to obviate which, the socket may r-' 

be cut, as at A, parallel to the grain of the wood, cd is the iron | 

strap for securing the rafter’s foot to the tie beam, and keeping it 
in its place. A plan of the upper part of the tie beam is given 


at B, showing the socket and mortice of the section A in the last figure. C exhibits the 
mode in which a king-post is strapped to a tie beam, with the struts and Joggles. 

2010. The most approved method of forming 
butments (Jig. 671.) for the struts or braces, aa, 
which are joggled into the king-post, is to 
make their ends, which act against the joggle, 
perpendicular to the sides of the brace ; they 
will thus be kept firmly on their butmentsf 
and have no tendency to slide. C is a section 
of the king-post and tie beam, showing the 
mode of wedging and tighte ning the strap, 
with a smgle wedge, in order to draw the tie 
beam close to the king-post. D is a section 
of the same parts to a larger scale, and with 
the introduction of a double wedge, which is 
easier to drive than a single one, because there 
is less action upon the cross grain of the wood. 

2011. Straps in carpentry should be sparingly used. Professor Robison has very 
properly observed, that “ a skilful carpenter never employs many straps, considering them 
as auxiliaries foreign to his art.” The most important uses of them are, that of suspend- 
ing the tie beam to the king-post, and of securing the feet of the principal rafters to the 
tie beams in roofs. 



201 2. Bolts are sometimes used for the last-named office, with washers and heads and 
screw nuts, in which case the washers, nuts, and heads should be well painted, though 
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even then they are liable to nust. Wherever the iron work used for securing a system 
oS framing is exposed to the humidity of the atmosphere, it should be rendered 
durable by frequent painting. Price Carpenter, 1759) observes thus: “There is 

one particular that had liked to have escaped my notice, concerning the placing of iron 
straps on any truss, thereby meaning to help its strength, which is by turning the end 
square (as shown at E,^p. 671.). This method embraces the timber in such a manner, to 
make it like a dovetail, which cannot draw from its place ; another observation is, to bolt on 
your Straps with square bolts, for this reason : if you use a round bolt, it must follow the 
auger, and cannot be helped ; by this helping the auger«hole, that is, taking off the corners 
of the wood, you may draw a strap exceeding close, and at the same time it embraces the 
grain of the wood in a much firmer manner than a round pin can possibly do.” The 
example given by Price, however, for turning square the strap, is injurious to the rafter, 
which must be partially cut to admit of it. 

FLOO&S. 

2013. The assemblage of timbers in a building, used for supporting the flooring boards 
and ceiling of a room, is, in carpentry, called naked flooring^ whereof there are three 
diflerent sorts, vix. single flooring, double flooring, and double-framed flooring. But before 
entering on the particulars of either of the sorts, we will make some general observations 
on the construction of floors, which require the architect’s attention. First, the wall 
plates, that is, the timbers which lie on the walls to receive the ends of the girders or joists, 
should be sufficiently strong and of sufficient length to throw the weight upon the piers. 
Seconuly, if it can be avoided, girders should not lie with their ends over openings, as 
doors or windows ; but when they do, the strength of the wall plates must be increased. 
To avoid the occurrence in question, it was formerly very much the practice in this 
country, and indeed is still partially so, to lay girders obliquely across rooms, so as to avoid 
openings and chimneys, the latter whereof must indeed be always attended to. Thirdly. 
Wall plates and templets must be proportionately larger as their length and the weight of 
the floor increases. Their scantlings will, in this respect, vary to by 3 inches, up to 7J by 
5 inches. Fourthly. The timbers should always be kept rather higher, say half to three 
quarters of an inch higher, in the middle than at the sides of a room, when first framed, so 
that the natural shrinking and the settlement which occurs in all buildings, may not ulti- 
mately appear after the building is finished. Lastly, when the ends of joists or girders are 
supported by external walls whose height is great, the middles of such timbers ought not 
at first to rest upon any partition wall that does not rise higher than the floor, but a snace 
should, says Vitruvius (lib. 7. c. 1.), be rather left between them, though, when all has 
settled, they may be brought to a bearing upon it. Neglect of this precaution will induce 
unequal settlements, and, besides causing the floor to be thrown out of a level, will most 
probably fracture the comers of the rooms below. 

2014. Single Flooring is con- 
structed with only one series of joists 


sible over the centre of the apart- 
ment. A nngle floor containing 
the same quantity of timber as a 
double floor is much stronger ; but 
the ceiling of the former is liable 
to crack, and cannot be got to so 
good a surface when finished. Hence, where the bearings are long, it is much better to 
use double flooring. 

2015. The scantlings of fir joists for single flooring are exhibited in the subjoined table, 
and are founded on our own practice. The weight of a square varies from 1 1 to 18 cwt. 

Length in Feet. Width in Inches. Depth in Inches 
6 2 Q ' 

8 7 

10 21 71 
12 2i 8 

14 2‘ 9 

18 2J 12 

20 3 12 

'Fhese scantlings may be varied if wanted, according to the laws laid down in the 
section on Mechanical Carpentry. (1622. et seq.') 

2016. In flg. 672. AAA are the joists, and B the floor boards. The laths for the 
ceiling are imiled to the under side of the joists AAA. 


(as shown \nflg. 672.). In this way 
of framing a floor, if a girder is used, 
it should be Irid as nearly as pos- 
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2017. In most floors, on account of the intervention of flues, chimney openings, and oc- 
casionally other causes, it will so happen that the ends of the joists cannot have a bearing 
on the wall. In such cases a piece of timber called a trimmer is framed into two of the 
nearest joists (then called trimming joists) that have a bearing on the wall. Into the 
trimmer, which is parallel to the wall, the ends of the joists thus intercepted from tailing 
into the wall are mortised. The operation is called trimming. The scantlings of trimmers 
and trimming joists may be the same as those hereafter given for binding joists ; or if to the 
width of the common joists an eighth of an inch be added for each joist supported by the 
trimmer, the depth being the same, the scantling will generally be suflicient. 

201 8. When the bearing of a single joist floor exceeds 8 feet, a row of strutting pieces 
should be introduced between the joists, by which they will be prevented from horizontal 
twisting, and the floor will be stiffened. If the bearing be more than 12 feet, two rows of 
stiffening pieces or struts should be introduced, and so on for each increase of 4 feet in 
bearing. They should be put in, in continued rows, and be well fitted. Beyond a bearing 
of 1 5 feet it is not advisable to use single flooring, neither ought it in any case to be used 
where it is required to prevent the passage of sound. 

2019. A double floor consists in its thickness of three tiers of timbers, which are called 
binding joists (these perform the oflfice of girders), bridging joists, and ceiling joists. From 



Fig. 673. 


an inspection of fig. 

673. the construction 
will be easily under- 
stood. A A are the 
binding joists, which 
are the principal 
support of the floor 
on the upper side, 
whereof BB, the 
bridging joists are 
notched ; which is 
the best method, 

though sometimes they are framed between with chased mortices. The binders, of course, 
run from wall to wall ; and as for carrying the floor, the bridging joists, as their name im- 
ports, are bridged on to them ; so the lower tier of timbers, called the ceiling joists, are either 
notched to them, or are what is called pulley mortised into them ; that is, a chase is cut in the 
binder long enough to allow of the tenons of the ceiling joists being obliquely introduced 
into them and driven up to their places. The scantlings of timbers used in this method 
are the same as those for doubled-ffaraed flooring, of which, indeed, it is but a species. 

2020. The double-framed floor differs only from the last-named by the binding joists, 
instead of going from 
wall to wall, being 
framed into large 
pieces of timber 
called girders (as 
showTi in fig. 674.), 
wherein A is the 
girder, B a binding 
joist, C a bridging 
j oist, D a ceiling joist, 

E the pulley mortice 
for the ceiling joist Fig. 674. 

D, and F is the floor. The great advantages of this sort of flooring are, that it prevents 
the passage of sound between the stories, and enables the architect to make a solid ceiling. 

2(^1. As in a double-framed floor the girders are the chief supports, it is exceedingly 
important that they should be sound and free from shakes. The distances between one 
girder^ and another, or the wall, should not exceed 10 feet, and their scantlings as in the 
following table : — 

Girders of the length of 10 feet should be 9 inches deep, 7 inches wide. 



12 

— 

iO 

8 

14 

— 

il 

9 

16 

— 

12 

10 

18 

— 

12 

11 

20 

— 

13 

11 

22 

— 

14 

12 

24 



15 

12 

26 



16 

12 

28 



16 

13 

SO 

— 

16 

14 
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Girders whose bearing exceeds 24 feet are difficult to be procured of sufficient depth, in 
wluch case an expedient is put in requisition to strengthen a less depth. The principles 
it inTolves will be explained under the head of Roofs, namely, those of trussing them, an 
operation which converts the girder within its own thickness into a piece of framework, for 
the purpose of preventing the bending, or as it is techically called, sagging, of the girder, 
which produces an injurious horizontal thrust on the walls. This operation is represented in 
Jig. 675. in two different ways, the lower portion of the diagram representing the plan. 
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F.g. 675. 


The girder is cut into two halves in the direction of its depth and length, between and into 
which the truss is inserted, as shown. It is better that the truss posts A, and abuhnent pieces 
B, should be of wrought iron ; the struts C may be of oak, or some stiffer wood than the 
^rder itself. 

2022. We now return to the subject of binding joists, which ought not to be more than 
6 feet apart. The depths, if necessary, for accommodating them to the thickness of the 
floor, may be varied from the following table by the rules already given under the section 
Mechanical CARPENiar. 

Binding joists of the length of 6 feet should be 6 inches deep, 4 inches wide. 
8—7 


10 

— 

8 

5 

12 

— 

9 


14 

— 

10 

6 

16 

— 

11 

64 

18 

— 

12 

7 

20 

— 

13 

n 


The scantlings of bridging joists are similar to those already given for single flooring. 
These, as well as ceiling joists, whose-scantlings are subjoined, should not be more than 
12 inches apart, and they require to be scarcely thicker than is necessary to bear the nails of 
the laths fixed to them, for which 2 inches is quite sufficient. 

Ceiling joints of the length of 4 feet should be 2^ inches deep, 1 ^ inch wide 
6—31 IJ 

8 — 4 2 

10 — 5 2 

12 — 51 2 > 

The weight of a square of framed flooring with counter flooring varies from 22 to about 
36 cwt. 

2023. Though, perhaps, more curious than useful, we should not perform our duty to the 
student, were we to omit a method of constructing floors with short timbers, where long 
ones are not to be procured. Suppose it be required to floor the room ABCD (Jig. 676.) 



Fig. 676. 
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Let four joists, as in the figure, be mortised and tenoned at abed, as there shown. Now 
it is evident that these joists will mutually support each other, for each is supported 
at one end by the wall, and at the other by the middle of the next joist. Fig. 677. 
shows another mode of accomplishing the same object ; and many other forms would 
immediately suggest themselves to the experienced architect. The expedient is of ancient 
origin, inasmuch as our old master (so we delight to call him, notwithstanding the new 
lights that modern critics have found to guide them), Serlio, has described the expedient 
without any difference. In the fourth volume of Rondelet (^Art de Batir), an author to 
whom we are under infinite obligations, is described a floor executed at Amsterdam for a 
room 60 feet square, of exceedingly singular construction, inasmuch as it is without joists 
at all. Each side of the room is provided with very strong wall plates, whose angles are 
secured with iron straps, and are rebated to receive the fiooring, which consists of three 
thicknesses of 1^ inch boards. Of these thicknesses, the first is laid diagonally across the 
opening, its ends resting on the rebates of the wall plates, and rising about 2^ inches towards 
the centre of the room. The next (second) thickness is laid diagonally at right angles to 
the first thickness, and the two are well nailed together. In the third thickness, the boards 
are laid down parallel to one of the sides of the room, and form the upper side of the floor, 
being, however, well nailed to those below. The whole of them are grooved and tongued 
together, forming a solid floor 4^ inches thick. In this example is an instance well worthy 
the study of the architect, as respects a scientific connection of parts, and the great ad- 
vantage of a well-disposed bond. The floor in question is, in fact, a thin plate, well 
supported round the edges, the strengths of the plates being directly as the squares of 
their thicknesses, equally strong to bear a weight in the middle, whatever their bearing ; 
though if the load be uniformly distributed, the strength will be inversely as the area of 
the space. 


PARTITIONS. 

2024. The framework of timber used for dividing the internal parts of a house into 
rooms is called a partition or quartered partition. It is commonly lathed and plastered ; 
when the spaces i^tween the timbers or quarters are bricked up, it is called a hricknogged 
partition. The weight of a square of common partition is rarely less than from 13 to 
18 cwt. ; hence it becomes necessary to take care that partitions should not be set upon the 
floor, without taking due precaution to relieve it of the weight, either by struts, braces, or 
the formation of a truss in it. When a partition occurs in an upper story, under a strongly 
trussed roof, it may be often advantageously suspended from the roof, and its weight thus 
taken off from the floor below. If it have a solid bearing throughout its length, it 
requires nothing but struts between the quarters ; but these are not absolutely required. 
The scantlings of the timbers of a quarter partition should vary according to tbe extent 
of bearing. Where that does not exceed 20 feet, 4 by 3 inches will be sufficient ; and where 
it is as much as 40 feet, the quarters should not be under 6 by 4 inches, that is, supposing 
it to bear only its own weight. ^V'hen it has to bear more, the scantling must, of coui^, 
be increased accordingly. 

2025. Fig. 678. represents a design for a trussed partition, with a doorway in the centre 



of it : in which hh is the head, and A A the sill ; dc, dc the doorposts ; gg the intertie. 
Ad, Ad the braces ; fd, fd struts. Fig. 679. shows a method of trussing a partition in 
which the doors are at the sides. It is obvious that additional strength may also be gained, 
when wanted, by introducing a truK between the intertie and head of a partition. Tlie 
angle of inclination of braces should be about 40° with the horizon. 


CARRIAGE OF STAIRS. 

2026. The framed timbers which support the steps of a staircase are called the carriage. 
They generally consist of two pieces inclined to the pitch of the stairs, called the rough 
strings. When geometrical stairs consist of two alternate flights with a half-pace between 
them, the carriage of the half-pace is constructed with a beam parallel to the risers of the 
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steps, whose joists are framed into the beam for the support of the flooring. This beam is 
called the apron piece^ and that which sustains the rough strings at the upper end is called 
the pitching piece. The joists of the half-pace are sometimes turned into the pitching piece, 
and sometimes bridge over it ; but the steps of both flights are always supported by string 
pieces, as before. The upper ends of the string pieces at the landing rest upon an horizontal 
piece of timber, called, as above, an apron piece. The scantlings of the strings, of course, 
vary with the length of the inclined part. The depth given to joists of similar length will 
be more than sufficient 


ROOFS. 

2027. The first obvious consideration in constructing a roof is the slope to be given 
to it, which depends on the climate against which it is to serve as a protection, and on 
the materials to be employed in covering it. In hot countries, rain more rarely falls than 
in temperate ones ; but when it comes, it descends very abundantly, which, added to the 
temperature of the air, makes it unnecessary to give a great slope to the roof, from which 
the water immediately runs, and the air dries it ^most at the instant of the rain’s cessation. 
In cold countries the rmn is more searching, the air is more impregnated with moisture, 
and snow often lies for a long time on a roof ; circumstances which require a greater pro- 
portional slope to be given to it. Again, roofs covered with lead, zinc, or copper do not 
require so great a slope as those covered with tiles or slates. 

2028. Though among architects there does not appear to have been any fixed principle 
by which the slope should be determined, we find that in different climates suitable slopes 
have been adopted for similar materials. Thus in the southern parts of Europe we find the 
roofe very flat ; whilst as we proceed into its northern parts the roof acquires a very con- 
siderable elevation. We shall here transfer to our pages the notice of this subject in the 
Encyclopedie Methodique, which we consider extremely important and interesting, inasmuch 
as it shows that necessity was the parent of l>eauty in the inclination of the roofs of the 
ancients ; and in the times of the middle ages it had some influence even in the production 
and developement of the lancet arch. 

2029. The researches and observations made respecting the roofs of a great many 
ancient and modem buildings, situate in different countries, satisfy us that the slopes ofroofr 
which have lasted best are jdways proportioned to the temperature of the climate. Before 
entering into the consideration of any law for determining the slope of a root^ it will be 
proper to comprehend the meaning of the word climate as here introduced, which we shall 
use in the same way as it is understood by geographers. According to them, the climates 
of the globe are comprised under belts or bands, of unequal size, parallel to the equator. Of 
them there are twenty-four between the equator and the polar circle, each of half an hour ; 
that is, the length of the longest day of a place situated at the beginning of the climate is 
always shorter by half an hour than that of the place situated at the extremity of the same 
climate, or at the beginning of the succeeding one, proceeding from the equator towards the 
polar circle. This difference in the length of the day, caused by the greater or less ob- 
liquity of the tropic with the horizon, is one reason of the different degrees of temperature 
of countries corresponding to the different climates. We are not, however, to assume that 
the temperature will be exactly the same for all places under the same climate, since there 
are many circumstances which tend to make a place more or less damp, in which cases the 
slope of the roof should rather have a relation to a more northern spot. In the roofs of 
the Continent covered with the hollow tile, as in the south of France for instance, less slope 
is required than with the Roman tiles (see the word Tile in Glossary), which are in 
sections alternately flat and circular ; and these, again, require less slope than the common 
plain tile or slate. From the observations that have been made, we find that the slope of 

rooft covered with hollow tile, thus, of the south of France, should be after the 

rate of three degrees for every climate, beginning from the equator and proceeding north- 
ward, and that when the Roman tile is used, an addition of three degrees should be made to 
such inclination ; an addition of six degrees, if covered with slates ; and of eight degrees, 
if covered with plain tiles. According to this law, the table which will be presently sub- 
joined has been constructed, and a comparison of it with ancient buildings gives a remark- 
able corroboration of its value. Thus, at Athens, situated about the middle of the sixth 
climate, the slope of a pediment would be about 16^°; and that of the Parthenon is 
actually about 16° ; that of the temple of Erectheus, 15^°; of Theseus, 15°. In Rome, 
which is about one third of the way up the seventh climate, the Roman tile requires an 
inclination of 22°. The actual slope of the pediment of Septimius Severus is 23° ; those 
of the temples of Concord and Mars Ultor, 23J° ; of Fortuna Virilis and the Pantheon, 
24° ; and, of more modem date, the slope of the roof of St. Paolo ftiorl le mura was 23°. 

2030. We shall now give the reader the table above mentioned. The argument at the 
head of each column will render its further explanation unnecessary. 
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City. 

Country. 

Climate. 

Length of 
longest 
Day. 




Covered with 



Hollow 

Tiles. 

Roman 

Tiles. 

Slates. 

Plain Tiles. 





h. 

m. 

deg. 

min. 

deg. 

min. 

deg. 

min. 

deg. 

min. 

Carthagena - 

Spain - 

- 

VI. 

14 

42 

16 

12 

19 

12 

22 

12 

24 

12 

Palermo 

Italy - 

- 

— 

14 

48 

16 

48 

19 

48 

22 

48 

24 

48 

I..isbon 

Portugal 


— 

14 

50 

17 

00 

20 

00 

23 

00 

25 

00 

Toledo 

Spain - 


— 

14 

58 

17 

48 

20 

48 

23 

48 

25 

48 

Madrid 

Spain - 

- 

— 

15 

00 

18 

00 

21 

00 

24 

00 

26 

00 

Naples 

Italy 


VII. 

15 

2 

18 

12 

21 

12 

24 

12 

26 

12 

Constant!- 














nople 

Turkey 

- 

— 

15 

4 

18 

24 

21 

24 

24 

24 

26 

24 

Barcelona - 

Spain - 


— 

15 

8 

18 

48 

21 

48 

24 

48 

26 

48 

Rome - 

Italy - 

- 

— 

15 

10 

19 

00 

22 

00 

25 

00 

27 

00 

Pau - - 

France 

- 

— 

15 

20 

20 

00 

23 

00 

26 

00 

28 

00 

Florence 

Italy - 


— 

1 5 

22 

20 

12 

23 

12 

26 

12 

28 

12 

Avignon 

France 

- 

■ — 

15 

24 

20 

24 

23 

24 

26 

24 

28 

24 

Genoa - 

Italy 


— . 

15 

28 

20 

48 

23 

48 

26 

48 

28 

48 

Bologna 

Italy - 

- 

— 

15 

28 

20 

48 

23 

48 

26 

48 

28 

48 

Bordeaux 

France 

- 

. — 

15 

30 

21 

00 

24 

00 

27 

00 

29 

00 

Piacenza 

Italy - 

- 

VIII. 

15 

32 

21 

12 

24 

12 

27 

12 

29 

12 

'I'urin and 














Venice - 

Italy - 


— 

15 

34 

21 

24 

24 

24 

27 

24 

29 

24 

Milan - 

Italy - 

- 

— 

15 

36 

21 

36 

24 

36 

27 

36 

29 

36 

Lyons - 

France 

- 

— 

15 

40 

22 

00 

25 

00 

28 

00 

30 

OO 

Geneva 

Switzerland 

— 

15 

44 

22 

24 

25 

24 

28 

24 

30 

24 

Uijon - 

France 

- 

— 

15 

52 

23 

12 

26 

12 

29 

12 

31 

12 

Zurich • 

Switzerland 

— 

15 

54 

23 

24 

26 

24 

29 

24 

31 

24 

Munich 

Germany 

- 

— 

15 

58 

23 

48 

26 

48 

29 

48 

31 

48 

Vienna 

Germany 

. 

— 

16 

00 

24 

00 

27 

00 

30 

00 

32 

00 

Strasbourg - 

France 


IX. 

16 

o 

24 

12 

27 

12 

30 

12 

32 

12 

Paris - 

France 


— 

16 

6 

24 

36 

27 

36 

30 

36 

32 

36 

Katisbon 

Germany 

- 

— 

16 

8 

24 

48 

27 

48 

30 

48 

32 

48 

llheims 

France 

. 

— 

16 

10 

25 

00 

28 

00 

31 

00 

33 

00 

Nuremberg - 

Germany 

- 

— 

16 

12 

25 

12 

28 

12 

31 

12 

33 

12 

Manheim 

Germany 

- 

— 

16 

12 

25 

12 

28 

12 

31 

12 

33 

12 

Havre - 

France 


— 

16 

12 

25 

12 

28 

12 

31 

12 

33 

12 

Mavence 

Germany 

_ 

— 

16 

18 

25 

48 

28 

48 

31 

48 

33 

48 

Frankfort 














(Maine) - 

Germany 

- 

— 

16 

18 

25 

48 

28 

48 

31 

48 

33 

48 

Cracow 

Poland 

- 

— 

16 

20 

26 

00 

29 

00 

32 

00 

34 

00 

Valenciennes 

France 

- 

— 

16 

22 

26 

12 

29 

12 

32 

12 

34 

12 

Brussels 

Belgium 

- 

— 

16 

26 

26 

36 

29 

36 

32 

36 

34 

36 

Cologne 

Germany 

- 

— 

16 

28 

26 

48 

29 

48 

32 

48 

34 

48 

Antwerp 

Belgium 

- 

— 

16 

30 

27 

00 

30 

00 

S3 

00 

35 

00 

London 

England 

- 

X. 

16 

34 

27 

24 

30 

24 

33 

24 

35 

24 

The Hague - 

Holland 

- 

— 

16 

40 

28 

00 

31 

00 

34 

00 

36 

00 

Warsaw 

Poland 

- 

— 

16 

42 

28 

12 

31 

12 

34 

12 

36 

12 

Berlin - 

Germany 

- 

— 

16 

46 

28 

36 

31 

36 

34 

36 

36 

36 

Hamburg - 

Germany 

- 

— 

16 

58 

29 

48 

32 

48 

35 

48 

37 

48 

Dresden 

Germany 

- 

— 

17 

00 

30 

00 

33 

00 

36 

00 

38 

00 

Dantzic 

Poland 

_ 

XI. 

17 

8 

30 

48 

33 

48 

36 

48 

38 

48 

Moscow 

Russia 




17 

22 

32 

12 

35 

12 

38 

12 

40 

12 

Copenhagen 

Denmark 

- 

— 

17 

28 

32 

48 

35 

48 

38 

48 

40 

48 

Edinburgh - 

Scotland 


XII. 

17 

32 

33 

12 

36 

12 

39 

12 

41 

12 

Stockholm - 

Sweden 


XIII. 

‘18 

30 

39 

00 

42 

00 

45 

00 

47 

00 

Petersburgh 

Russia - 

. 1 

XIV. 

18 

44 

40 

24 

43 

24 

46 

24 

48 

24 

Bergen 

Norway 

-1 

— 

IS 

44 

40 

24 

43 

24 

46 

24 

48 

24 


“ 'fhere is no article,” says Ware in his Body of Architecture^ “ in the whole compass 
of the architect’s employment that is more important or more worthy of a distinct con- 
sideration than the roof. The great caution is,” continues our author “ that the roof be 
neither too massy nor too slight. Both extremes are to be avoided, for in architecture 
every extreme is to be shunned, but of the two the overweight of roof is more to be re- 
garded than too much slightness. This part is intended not only to cover the building, but 

N n 
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to press upon the walls, and by that bearing to unite and hold all together. This it will 
not be massy enough to perform if too little timber be employed, so that the extreme is 
to be shunned. But in practice the great and common error is on the 'other side ; and he 
will do the most acceptable service to his profession, who shall show how to retrench and 
execute the same roof with a smaller quantity of timber ; he will by this take off an un- 
necessary load from the walls, and a large and useless expense to the owner.” 

2031. We shall now proceed to a popular view of the strains exerted by the timbers of 
roofs, referring the reader back to the section on Mechanical Carpentry for a more extended 
and scientific view of them. Suppose (^Jig. 680.), in 
the simplest form of roof, the rafters (shown by 
dotted lines) AB, CB to pitch upon the walls Au, 

Cc. Let the rafters be supposed to be connected 
together at B as by a hinge, as also similarly con- 
nected with the walls at A and C. Now if the 
effective weight of the walls be not sufficient to resist 
the thrusts of the raftere, as respects the height, thick- 
ness, and situation of the centre of gravity of such 
walls, taken as solid masses and moveable on the 
points X and Y, it is manifest the rafters by their own 
gravity will descend, and the walls will spread and 
be thrown out of an upright, as in ab and cd, and 
the rafterswill take the places shown in the figure. It 
has already (Mechanical Carpentry, 1633. )beenshown 
that the horizontal thrust of a pair of rafters thus 
meeting each other, is proportional to the length of a line drawn perpendicularly from 
the rafter’s foot until it intersects a vertical line drawn from its apex. As the roof there- 
fore becomes flatter, the length of the perpendicular increases. Hence, if AB and BC be 
the rafters, and their weights be represented by their lengths, the weight or power of 
thrust exerted by the rafter AB in the direction of its length will be represented by BO, and 
the horizontal thrust by AO ; AO being perpendicular to AB. To secure, then, the walls in 
their perpendicularity, which the thrust of the rafters tends to derange, a system of framing 
becomes necessary. Thus, iny?^. 681., 
a beam AC, which from the office it 
performs of tying or confining the feet 
of the rafters is called a tie beam, is in- 
troduced across the opening, and into 
this beam the rafters are framed. If 
the tie is introduced above the level of 
the walls, it is called a collar beam, as ac. 

It is manifest that these beams exert 
their power in the same way that a 
string would, that is, that the principal 
strain which they have to perform is in 
the direction of their length, and hence, that for such especial purpose, if they be prevented from 
■sagging or bending, a small size or scantling will be sufficient, for we have already seen that 
the cohesive power of timber is very great in the direction of its length. To take care 
that the tie beam thus introduced 
should be strained only in the direction 
for which it is used, we are now led to 
another expedient. The beam by its 
own gravity, especially in a large open- 
ing, would have a tendency to sag or 
bend in the middle, and the more so if 
its scantliug be simply proportioned 
to its office of a tie. To prevent this 
a fresh tie is introduced called a king- 
post DB {fig. 682.), by which the 
beam is tied or slung up to the apex of 
the principal rafters; and this combination of a pair of rafters, a tie beam and a king- 
post, is called a truss, and is the* most important of the assemblages which the car- 
penter produces. When the rafters are of such length that they would be liable of 
themselves to sag down, supports aa are introduced at the points where such failures would 
occur, and these supports are called struts, because their office is to" strut up the rafter, 
which they should do as nearly as the case will admit in a direction perpendicular .to the 
slope of the rafters. 

2032. It is clear that out of this last case a fresh system of trusses mav arise as in 
fig, 683., for from those points procured by the struts against the rafters, new rods may 
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be slung for increasing the stiffness 
of the tie beam ad injinitum in theory, 
but not in practice, because the com- 
pressibility of the fibres of timber is 
considerable in lines perpendicular 
to their direction, and the contraction 
and expansion of metal places a limit 
to its use. This compression of tim- 
ber deserves great attention on the part of the architect. We may lay down as a rule 
in respect to it that the more the weights or pressures act in the direction of the fibres, 
the less will be the compression. 

2033. To exemplify this, fig. 684. shows in No. 1. the principal rafters of a roof 
butting in an ordinary roof, against 
the shoulders AB, CD of the king- 
post, whose fibres, being vertical, are 
compressed by the pressure against it, 
on each side of the rafters, whereby 
they approach each other, causing 
the whole figure of the roof to suffer 
a change. For by the action of com- 
pression and its consequence the kingpost must descend, and with it, consequently, the tie 
beam which is slung up to it. To remedy the inconvenience in roofs constructed of fir, the 
kingpost is often made of oak, which is less compressible, a practice which should be 
observed in all roofs of consequence. But cast iron kingposts are the best substitute where 
the expense can be justified- In No. 2. the end is accomplished much more economi- 
cally by housing the rafters in the head of the kingpost at the angle in which the rafters 
meet, by which the fibres of the rafters butt against each other, bringing the compression 
nearer to that which takes place in a post according as the rafters are less inclined to each 
other, and the beam is then literally suspended from the vertical planes of the rafters at 
their junction. 

2034. When a roof 685.) is trussed by two upright suspending posts, which be- 
come necessary in increased spans, 
such posts, AB, CD, are called queen- 
postsy and the piece between them, 

BD, is called a collary which acts as 
a straining piece to prevent the heads 
of the queen-posts moving out of 
their places towards each other. It 
will on mere inspection be seen that 
this roof has three points of support, B, E, and D; for by means of the struts AE, EC, a 
new suspending point is gained from E for sustaining the tie beam between the points A 
and C. It is also to be observed that the collar or straining piece BD performs in this 
assemblage an office exactly the reverse of that which it docs in^^. 681. 

2035. The Mansard roof, so called from its inventor’s name, and with us called a Curb • 
roof, frequently used for the purpose of keeping down the height of a building, and at 
the same time of obtaii^ing sleeping or other rooms in it, is shown in fig, 686. It may 

be considered as primarily consisting 
of four pieces of timber connected by 
hinges at the points ABCDE. If 
these, as shown by the dotted linos, 
be inverted, they will arrange them- 
selves by their gravity in such a man- 
ner that when returned to their first 
position they remain in a state of 
equilibrium, which, however, in prac- 
tice, is but a tottering one, and re- 
quires additional expedients to pre- 
vent the whole assemblage thrusting 
out the walls ; and, moreover, to pre- 
vent the upper rafters from acting by 
their thrust to displace the lower ones. 

To obtain these ends the first object 
is to introduce the tie AE {fig^ 687.); 

and, secondly, the tie BD. It is to be understood that me^s are to be used, when needed 
from their length, to prevent these beams from bending, similar to those already directed 
in the cases of simple trusses. We have thus far endeavoured to explain in the simplest 
way the conduct to be pursued for obtaining stability in the construction of a roof ; but 
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before we proceed to the scantlings 
of the timbers to be employed, the 
reader must be informed that the 
trusses to roofing, with whose na- 
ture he has now become acquainted, 
are placed only at certain intervals 
(which should not exceed 10 feet) 
apart, and are thus made to bear 
the common rafters and the weight 
of the covering, as well as to per- 
form the office of suspending the 
tie beam by which the walls are 
kept together. Hence the rafters 
by the means of a purline A {fig. 

688. ), which lies horizontally 
throughout the rooPs length on the 
principal rafters, they are made to 
bear aU the superincumbent load. 

, The purlines are in various ways 
made fast to the principal rafters, 
and upon it the common rafters 
are usually notched down. Their 
bearings are thus lessened, and 
less scantlings suffice for them. 

They are received at their feet on a piece of timber (B in the figure), which ruus longitu- 
dinally along the sides of the 
building. This piece of timber 
is called a pole plate^ from being 
the uppermost plate in a build- 
ing; at their summits they abut 
against a ridge piece D. When 
a roof slopes each way, the space 
enclosed between the intersection 
of the slopes is called a hip {fig. 

689. ) ; and the longest rafters in it, 
which are those at the angles, are 
called hip rafters, and the shorter ones are nBxnedjack rafters, as A, A, A, &c. 

2036. We have, at the beginning of this section (2007.), observed, that the use made of 
bolts must be always in a direction as nearly as possible counter to the strain which the 
pieces exert; the method, therefore, of introducing them will, on due consideration, 
be sufficiently obvious. 

Before proceeding to lay before the reader some few examples of roofs suitable to dif- 
ferent spans, as well as of some of magnitude which have been executed, it may be as 
well to complete this portion of our labour, by giving sonoe information on the scantlings 
of timber for roofing, in which a medium, founded on our own practice, is introduced 
between ignorant overloading, and fanciful theory. 

2037. For roofs whose spans are between 20 and 30 feet, no more than a truss with a 
king-post and struts will be necessary, in which case the scantlings hereunder given will 
be sufficient. 

For a span of 20 feet, the tie beam to be 9 in. by 4 in. ; the king-post, 4 in. by 4 in. , 
principal rafter, 4 in. by 4 in. ; struts, 4 in. by 3 in. 

For a span of 25 feet, the tie beam to be 10 in. by 5 in. ; the king-posts, 5 in. by 5 in. ; 

principal rafter, 5 in. by 4 in. ; struts, 5 in. by 3 in. 

For a span of 30 feet, the tie beam to be 1 1 in. by 6 in. ; the king-post, 6 in. by 6 in. ; 

principal rafter, 6 in. by 4 in. ; struts, 6 in. by 3 in. 

2038. For roofs whose spans are between 30 and 45 feet, a truss with two queen-posts 

and struts will be required, and a straining piece between the queen-posts. Thus 

For a span of 35 feet, the tie beams to be II in. by 4 in. ; queen-posts 4 in. by 4 in. ; 
principals, 5 in. by 4 in. ; straining piece, 7 in. by 4 in. ; struts, 4 in. by 2 in. 

For a span of 40 feet, the tie beams to be 1 2 in. by 5 in. ; queen-posts, 5 in. by 5 in. ; 
principals, 5 in. by 5 in. ; straining piece, 7 in. by 5 in. ; struts, 5 in. by 2^ in. 

For a span of 45 feet, the tie beams to be 1 3 in. by 6 in. ; queen-posts, 6 in. by 6 in. ; 
principals, 6 in. by 5 in. ; straining piece, 7 in. by 6 in. ; struts, 5 in. by 3 in. 

2039. For roofe whose ^ans are between 45 and 60 feet, two queen-posts are required, 
and a straining piece between them ; struts from the larger to the smaller queen-posts, and 
struts again from the latter. 




so framed in a truss are called principal rafters ; and 
D 
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For a span of 50 feet, tie beams, 1 3 in. by 8 in. ; queen-posts, 8 in. by 8 in. ; small queens, 

8 in. by 4 in. ; principals, 8 in. by 6 in. ; straining piece, 9 in. by 6 in ; struts, 

5 in by 3 in. 

For a span of 55 feet, tie beams. 14 in. by 9 in. ; queen-posts, 9 in. by 8 in. ; small queens, 

9 in. by 4 in. ; principals, 8 in. by 7 in. ; straining-piece, 10 in. by 6 in. ; struts, 

51 in. by 3 in. 

For a span of 60 feet, tie beams, IS in. by lOin. ; queen-posts, loin, by 8 in. ; small 
queens, 1 0 in. by 4 in. ; principals, 8 in. by 8 in. ; straining piece, 1 1 in. by 6 in. ; 
struts, 6 in. by 3 in. 

2040. TTie scantlings of purlines are regulated principally by their bearing ; and though 
we have subjoined scantlings for bearings of 1 2 feet, such should be avoided by not allowing 
the distances between the trusses to exceed 10 feet. Thus — 

For a bearing of 6 feet, the scantling of the purline should be 6 by 4. 

8 feet, — 7 by 5. 

1 0 feet, — H by 6'. 

12 feet, — 9 by 7. 

For common rafters the scantlings are as follow ; 12 feet should be the maximum of the 
bearing. 

For a bearing of 8 feet the scantling of the rafter should be 4 by 2J. 

10 feet, — 5 by 21. 

12 feet, — 6 by 2'. 

2041. By a study of the roofs which follow as examples, the architect will be led to 
other expedients and modifications of the forms submitted to his notice, as circumstances 
may call forth his ingenuity and talents. We have, we trust, already said enough to lead 
him on. Where economy must be consulted, 
the roof shown in Jig. 690. may be used; it 
is only fit for a small building, and the span of 
such a one should not exceed 25 feet. The left 
end of the collar beam exhibits what is called 
the carpenter's boasts but it partakes somewhat 
of the rule joint, being worked out to a cen- 
tre. But in roofs above 25 feet span it is 
not well to omit the king-post and tie beam, though, if particular strains are to be provided 
against, even in such small spans the struts should not be omitted, and the form shown in 



Fig. 6yi. Fig. 69V. 



/iff. 691. should be adopted, w'hich will answer for spans at least up to 35 feet. In this and 
other cases of larger span, it is often desirable that the couunon rafters should not stand 
above the principals, and then the purlines are framed by mortices and tenons into the 
principals, as shown at A {/iff. 692.), ■wherein the line he shows the underside of the 
common rafters notched on to the principals. 

2042. From 35 to 45 feet, the tie beam should be suspended from at least three points, 
or it will be unnecessarily heavy; and this suspension of the tie beam, so that it may be 
really a tie unsusceptible of alteration in fo'm, is the true cause of this introduction of 


king and queen posts, as we have before 
explained to the reader. Indeed, as a 
general rule, it is well that the distance be- 
tween such points of support for a tie-beam 
should not exceed 13 to 15 feet, without 
expedients being used to prevent inter- 
mediate sagging. Fiff. 693. is the form of 
a roof for a span of from 50 to 60 feet, in 



which is seen the connection of the roof with the walls. 


2043. For spans above 60 feet we have not gi\en scantlings of timber in the preceding 
tables ; but such do not greatly increase beyond 60 feet ith practicable spans, and enough 
has been already said to make the reader acijuainted with that part of the subject. Fiq. 694. 
is an example of a roof calculated for a span of 70 to SO feet, and in Jiff. 695. a passage or 
other conveniency may be practised between the queen-posts. 
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2044. In all the cases given, the roof is supposed to receive no support from any but 
the external walls, and the trusses to be not more than 10 feet apart. 

2045. We shall now proceed to offer a few examples of roofs that have been executed, 
all of which have already appeared in works relating to the subject, as specimens of the 
most instructive and useful class for the student. The reader who desires to extend his 
inquiry into this branch of carpentry, and to become acquainted with a multitude of ex- 
amples, is recommended to the celebrated work of Kraaft, Recueil de Charpente, and also to 
Rondelet’s admirable treatise VArt de Batir. The space to which we are limited pre- 
vents the insertion of many specimens which we would have gladly published here. The 
principles have, however, been so explained, that we trust the omission will not be felt. In 
respect of Gothic examples, a reference to the section of Westminster Hall {fig- 196.) will 
exhibit one of the modes adopted to span the large ancient halls of the country. In them 
the tie is rarely found connecting the feet of the principal rafters ; for such an arrangement 
would have prevented the ornamental system which results from the substitution of a collar 
for a tie beam. 

2046. Fig. 696. represents a section of the roof of St. IMartin’s-in-the- Fields, Westminster, 



designed by Gibbs. The breadth of the building between the walls is 69 ft. ; from centre 
to centre of columns the middle aisle is 39 ft. II in. The roof is well contrived and 
framed; but the timbers are stronger than they need have been. The scantlings of them 
are as follow: — A, principal rafter, 13 in. by 10 at bottom, and 11 in. by 10 at top; B, 
straining brace, 14 in. by 10 at bottom, and 11 in. by 10 at top ; C, king-post, 9 in. by 9; 

D, strut, 7 in. by 7l ; E, queen-post, 8 in. by 9.1 ; F, strut, 7 in. by 7 ; G, tie beam, 14 in. 
by 9.1 ; H, post over the column, 14 in. bj' 9^; I, brace, 7 in. by 7 ; K, brace, 7 in. by 7; 

E, post, 8 in. by 9; M, hammer beam, 14 in. by 9.1; N, brace, 8 in. by 8; P, post in the 
wall ; Q.QQ, purline rafters, 4 in. by 6. 

2047. Fig. 697. is a section of the roof to tlie chapel of Greenwich Hospital, constructed 



by Samuel Wyatt, about 1785. The span is 51 ft., and as a variety from the general 
forms of roofs, it is worth the student’s attention. The scantlings of the timbers are sub- 
joined ; the distance between the trusses is about 7 feet, and the king-posts are of iron. All 
the joints are well secured with iron straps. A A, tie beam, whose whole length is 57 ft., 
51 ft. clear between the walls, Min. by 12 in.; B, an iron king-post, 2 in. square; CC, 
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queen posts, 9 in. by 12; DDDD, stmts, 9 in. by 7; E, straining beam, 10 in. by 7; F, 
straining piece, 6 in. by 7; GG, GG, principal rafters, 10 in. by 7; hhhhy &c. purline 
rafters for boarding upon instead of rafters ; H, a camber beam, supporting the platform. 
2048. Fig. 698. e.\hibits the roof of the old Drury Lane Theatre, which was built in 



1793. It possesses great merit, from the simplicity of its composition and the accommo- 
dation afforded in the middle space for the carpenters and painters. By dividing the breadth 
of the building into three parts, the roof was kept low, and the scantlings much reduced in 
size. The span is 80 ft. S^in., the trusses were 15 ft. apart, and the whole length of the 
roof was 200 ft. It was destroyed by fire on the 24th of February, 1809. The scantlings 
of the timbers were as follow : — A, beams, 12 in. by 7 ; B, principal rafters, 7 in. thick ; 
C, king-posts, 1 2 in. by 7 ; D, struts, 5 in. by 7 ; E, purlines, 9 in. by 5 ; F, ridge pieces, 
1^ in. thick ; G, pole plates, 5 in. by 5 ; H, gutter plates framed into beams, 1 2 in. by 6 ; 
I, common rafters, 5 in, and 4 in, by 2^ ; K, beams, 1 5 in. by 12; L, posts, 1 5 in. by 12: 
M, principal braces, 14 in. by 12 and 12 ; N, struts, 8 in, by 12 ; O, oak trusses to the 
middle bearing of beams, 55^1. by4J; P, straining beams, 12 in. by 12. 

2049. The last example we shall present is of the method in which the external dome 
of St. Paul’s is framed ( Jig. 699.). The internal dome Aa is of brickwork, two bricks 
thick, having, at every five feet, as it rises, a course 
consisting of bricks eighteen inches long, which serves 
to bind the whole thickness together. This dome 
was turned upon a centre, which rested upon the 
projection at its springing, without any support frorfi 
below, and was afterwards left for the use of the 
painter. It was banded together with iron at the 
springing. Exterior to the brick dome ( which has 
indeed, nothing immediately to do with the subject) 
is a cone of brickwork BBZ>, I foot 6 inches in 
thickness, plastered and painted, part whereof is seen 
from the pavement under the cupola through the 
opening a. On this cone BB5 is supported the 
timber work which carries the external dome, whose 
hammer beams CC, DD, EE,- FF are tied into the 
corbels G, H, I, K with iron cramps, which are well 
bedded into the corbals with lead, and bolted to the 
hammer beams. The stairs which lead to the Golden 
Gallery on the top of the dome are carried between 
the trusses of the roof. The dome is boarded from 
the base upwards, hence the ribs are fixed horizon- 
tally at near distances to each other. The scantling 
of the curve rib of the truss is 10 in. by 1 at the 
bottom, and 6 in. by 6 at the top. The sides of the 
dome are segments of circles, whose centres are 
marked in the figure ; and which, if continued, would 
meet at top, and form a pointed arch. AlK)ve the dome 



,30 fi- 


Fig. C99 

rises a lantern of Portland 
stone, about 21 feet in diameter, and 64 feet high, standing on the cone. The whole of this 
construction is manifest from the figure, which exhibits the inner and outer domes with the 
cone between them. The combination is altogether an admirable example of the mathe- 
matical skill and judgment of Sir C. Wren. 
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2050. The largest roof that was, perhaps, ever executed, was over a riding>hoase at 
Moscow, built in 1790, by Paul I. Emperor of Russia, the representaticffl whereof may be 
seen in Kraait, Recueii de Charpente. The span is 235 feet, and the slope with the horizon 
about 19 degrees. The external dimensions of the building were 1920 feet long by 310 
feet wide. It was lighted by a lantern at top, and had an interior gallery round the build- 
ing for spectators. The contrivance is exceedingly ingenious ; but, from the great extent 
of the span, considerable settlement took place, and alterations, or rather strengthening 
ribs, became necessary. 

2051. We shall close this part of the section with a diagram 700.) of the roof of 



Fig. 700. 


the ba^ica of S. Paolo fuori le mura, executed in the fifteenth century. The trusses are 
double, each c<msisting of two similar frames, nearly 1 5 inches apart, at intervals from each 
other of about 10 feet 6 inches. The principal rafters abut on a short-king post k. 
Between the trusses a piece of timber S is placed and sustained by a strong key of wood 
passing through it and the short king-posts. This piece sustains the beams by means of 
another strong key at a. The tie beams are in two lengths, and scarfed together, the 
scarf being held together by three iron straps. The scantlings of the timbers are as 
follow ; b^ms t, 224 in. full by nearly 15 in. ; principal rafters p, 21 5 in. by nearly 15 in. ; 
auxiliary rafters 6, full 135 in. by full IS^in. ; straining beam c, near 15 m. by full 125in.; 
purlines <^$4 in* square and 5 ft, 7 in, apart; common rafters, full 54 in. by 44in., and 
84 in. apart. The roof, which is constructed of fir, is nearly 78 ft, 6 in. span, and is 
covered with the Roman tile, the exact dimensions and form whereof will be found, under 
the head Tile, in the Glossary appended to this work. The roof is ingeniously and well 
contrived, and, with a different covering, would suit other climates. It was consumed by 
fire iu the month of July, 1823. (275 ) 


Philibert Delorme, in his work entitled « Nouvelles Inventims pour Uen hdtir a petits 
Fraisj' Paris, 1561, gives a mode of constructing domes without horizontal cross ties, when 
the springing of each rib is well secured at the foot. It is a very simple method, and of 
great use in domes, even of large diameter, the principle being that of making the several 
ribs in two or more thickuesses, which are cut to 
the curve in lengths not so great as to weaken the 
timber, and securing these well together by bolts 
or keys, and observing especially to break the joints 
of the several thicknesses. This method was adopted 
in the large Halle aux bleds at Paris, which was 
many years since destroyed by fire, and has been re- 
placed by an iron-ribbed dome. Tlie Jig. 701. will 
explain the construction ; and, if necessary, an iron 
hoop passed round at different heights will add much to the strenirth. 

2052. The scantlings of the ribs, as given by Delorme, are as under : 







Fig. 70i. 
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For domes of 24 feet diameter, the ribs to be 
36 feet diameter, — 

60 feet diameter, — 

90 feet diameter, — 

108 feet diameter, — 


8 in. deep, and 1 in. thick. 
10 in. deep, and in. thick. 
13 in. deep, and 2 in. thick. 

1 3 in. deep, and 2| in. thick. 
13 in. deep, and 3 in, thick. 


The work of the author from which we have given this short and summary account 
deserves the study of every one that seeks to be an architect, though in these urfortunate 
days for the art the reward of study and reading is very doubtful; patronage being of 
much more importance to the professor than a profound knowledge of construction and 
design. 

2053. The following instructions relative to the lines necessary to be found in the 
ftamii^ of roofe are from Francis Price’s British Carpenter ; and though published 
long since, now nearly 100 years, we have not found that any subsequent work on this 
particular point gives us more information than is to be there found. Let abed {Jig. 702. ) 
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be a plan to be inclosed with 
a hipped roof, whose height 
or slope is Cb. Divide the 
plan lengthwise into two 
equal parts by the line ef, 
which produce indefinitely 
at both ends. Make ag 
equal ea, and dk equal to 
df , and through k and g^ 
parallel to ah or cd, draw 
lines indefinitely mo. Ip, 

With the distance dc or Cc, 
either of which is equal to 
the length of the common 
rafters, set off* qe, as also from 
h to p, from I to o, and from 
f tori', from k to m, and from 
g to 1. INIake ts equal to Cb, P,p 

and ah equal to ta, which 

points join ; then either aC or as represents the length of the hip rafter, and joining the 
several lines aqb, hpoc, end, and dmlu, they will be the skirts of the roof. 

2054. To find the back of the hip. Join ge, and from r as a centre describe an arc 
touching the hip < 25 , and cutting at in u. Then join gu and ue, and gue is the back of the 
hip rafter required. 

2055. Fig. 703. represents, in abed, the plan of a building whose sides are bevel to each 
other, Having drawn the 
central line ef indefinitely, 
bisect the angle rag by the 
line ae, meeting ef in e. 

From e make eg equal to re, 
and rg perpendicular to ea ; 
then, if e a be made equal 
to eu, ra or aq, it will be the 
length of the hip rafter from 
the angle a. Through e 
and /, perpendicular to the 
sides db, ca, draw the lines 

indefinitely; and from 
a, as a centre with the radius 
aq, describe an arc of a cir- 
cle, cutting ?nq in q, and er 
(perpendicular to ha') pro- 
duced in 1. By the same 
kind of operation oc will be 
found, as also the other parts of the skjrts of the roof. The lines nf, tfv, and vp are intro- 
duced merely to show the trouble that occurs when the beams are laid bevel. Tlie angle of 
the back of the hip rafter, rwg, is found as before, by means of w as a centre, and an arc of a 
circle touching aq. The backs of the other hips may be found in the same manner. 

205f>. Fig. 704., from Price’s Carpentry, is the plan ofahouse with the method of placing 
the timbers for the roof with the upper part of the elevation above, which, after a perusal of 
the preceding pages, cannot fail of being understood. The plan F is to be prepared for a 
roof, either with hips and vallies, or with hips only. The open spaces at G and H are 
o\er the staircases ; in case they cannot be lighted from the sides, they may be left to be 
finished at discretion. The chimney flues are shown at IKLMNO. Then, having laid 
down the places of the openings, place the timbers so as to lie on the piers, and as far as 
possible from the flues ; and let them be so connected together as to embrace every part of 
the plan, and not liable to be separated by the weight and thrust of the roof. P is a 
trussed timber partition, to discharge the weight of the roof over a salon below. 

2057. Q. is the upper part of the front, and R a pediment, over the small break, whose 
height gives that of the blank pedestal or parapet S. Suppose T to represent one half of 
the roof coming to a point or ridge, so as to span the whole at once, “ which,” as Price 
truly observes, “was the good old way, as we are shown by Serlio, Palladio,” d:c., or 
suppose the roof to be as the other side U shows it, so as to have a flat or sky-light over the 
lobby F, its balustrade being W ; or we may suppose X to represent the roof as spanning the 
whole at three times. If X be used, the valley and hip should be framed as at Y ; if as T, 
the principal rafters must be framed as at Z, in order to bring part of the weight of the roof 
and covering on the partition walls. The reminder needs not further explanation. 





FiR. 704, 


RIBS FOR GROINS, ETC. 


2058, We shall novr proceed to the method of forming the ribs for groined aiclies. 


niches, &c. The method of finding the shape of these is the same, 
whether for sustaining plastering or supporting the boarding of 
centres for brick or stone work, except that, for plaster, the inner 
edge of the rib is cut to the form, and, in centering, the outer 
edge. Groins, as we have already seen, may be of equal or un- 
equal height, and in either case the angle rib may be straight 
or curved; and these conditions produce the varieties we are 
about to consider. 

2059. To describe the parts of a groin where the arches are cir~ 
cular and of uneqttcd height, commonly called Welsh Groins. We 
here suppose the groin to be right-angled. Let AB (^fg. 705.) 
be the width of the greater arch. Draw BD at right angles to 
AB, and in the straight line BD make CD equal to the width 
of the lesser arch. Draw DF and CE perpendicular to BD and 
EF parallel to BD. On AB describe the semicircle Bp/iiA, and 
on EF describe the semicircle E^oF. Produce AB to p, and 
FE to m, cutting Ap in y. 'I'hrough the centre x of the semi- 
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circle E^jF draw ts perpendicular to BD, cutting the circumference of the semicircle in s. 
Draw sp parallel to BD. From the centre y, with the distance yp, describe the quadrant 
pm. Draw mi parallel to AB, cutting the semicircle described upon AB in the point i. 
In the arc B* take any number of intermediate points g, h, and through the points ghi 
draw ity hu, gv, parallel to BC. Also through the points ghi draw gk, hly im parallel to 
AB, cutting FE produced in k and/. From the centre y describe the arcs ktiy /o, cut- 
ting AB produced in mo. Draw nq, or^ parallel to BD, cutting the lesser semicircular 
arc in the points g, r. Through the points 9 , r, s draw qvj ruy st parallel to A B ; then 
through the points tuv draw the curve tuccy which will be the plan of the intersection 
of the two cylinders. The other end of the figure exhibits the construction of the framing 
of carpentry, and the method in which the ribs are disposed. 

2060. To describe the sides of a groin when the arches are of equal height and designed 
to meet in the plane of the diagonals. X^et af and al (Jig> 706.) 
be the axes of the two vaults, meeting each other in a, perpen- 
dicular to af. Draw AB cutting af in Wy and perpendicular to 
aly draw BG cutting al in b. Make wA and mjB each equal to 
half the width of the greatest vault, and make 6 B and bG each 
equal to half the width of the lesser vault. Draw AH and BE 
parallel to afy and draw BH and DF parallel to a/, forming the 
parallelogram DEHF. Draw the diagonals HD, FE. On the 
base AB describe the curve BcdefA, according to the given height 
tof of the required form, which must serve to regulate the form 
of the other ribs. Through any points cde in the arc 'BcdefA 
draw the straight lines cq, dry es cutting the diagonal 11 D at 9 , r, s. 

Draw qhy n, sk parallel to ol cutting the chord BG at the points 
Xy y, z, h. Make xh, y/, zk, bl each respectively equal to tc, udy 
ve, wfy and through the points Ghikl to B, draw the curve 
G/^t/^/B. Draw qm, rn, so, ap perpendicular to HD. Make 
qmy m, $ 0 , ap respectively equal to tc, tidy re, vf, and through the 
points D, my n, o, py H draw a curve, which will be the angle rib 
of the groin to stand over HD ; and if the groined vault be right- 
angled, all the diagonals will be equal, and consequently all the 
diagonal ribs may be made by a single mould. 

2061. The upper part of the above figure shows the method of placing the ribs in the con. 
struction of a groined ceiling for plaster. 

Every pair of opposite piers is spanned 
by a principal rib to fix the joists of the 
ceiling to. 

2062. The preceding method is not 
always adopted, and another is sometimes 
employed in which the diagonal ribs are 
filled in with short ribs of the same curva- 
ture (see fg. 707.) as those of the arches 
over the piers. 

2063. The manner of finding the sec- 
tion of an aperture of a given height cut- 
ting a given arch at right angles of a 
greater height than the aperture is repre- 
sented in Jig. 708. 

2064. When the angle ribs for a square 
dome are to be found, the process is the 
same as for a groin formed by equal arches 
crossing each other at right angles, the 
joints for the laths being inserted as in 
fig. 707. ; but the general construction for 
the angle ribs of a polygonal dome of any number of 
sides is the same as to determine the angle rib for a 
cove, which will afterwards be given. 

2065. When a circular-headed window is above the 
level of a plane gallery ceding, in a church for example, 
the cylindrical form of the window is continued till it 
intersects the plane of the ceiling. To find the form 
of the cwr 6 or pieces of wood employed for completing 
the arris, let dp (^fig. 709.) be the breadth of the window 
in the plane of the ceiling. Bisect dp in h, and draw A4 
perpendicular to dp. Make A4 equal to the distance the 
curb extends from the wall. Produce 4A to B. Make 



Fig. 707. 


Fig 7o8. 
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AB equal to the height of the window above the ceiling, and through the thrro points 
d; B, p describe the semicircle ABC for the head of the window. Divide AB into any 
number of equal parts, as 4 at the points A, i; » ; and A4 into the same number of equal 
parts atthe points.!, 2, 3. Through the points A/p draw the lines parallel to dp, and 

♦hmii gh the poiate 1» 2, 3 draw the lines mp, nr, os. IMTake Im, 2», So respectively equal 
to as also 1 q, 2r, 3s equal to At, 

Ik, vw ; tl^t is, equal to Ae, If, ag. Then 
through the points dmnoA, and also 
through pqrs^, draw a curve which will 
form the curb required. In the section X 
of the figure, AC shows the ceiling line, 
whereof the length is equal to A4, and 
AB is the perpendicular height of the 
window ; hence B C is the slope. 

2036. The construction of a niche, 
which is a portion of a spherical surface, 
and stands on a plan formed by the seg* 
ment of a circle, is simple enough ; for 
the ribs of a niche are all of the same 
curvature as the plan, and fixed 
710.) in planes passing through an axis 
corresponding to the centre of the sphere 
and perpendicular to the plane of the 
wall. If the plan of the niche be a 
semicircle 711.) the ribs may be disposed in vertical planes. 

2067. In the construction of a niche where the ribs are disposed in planes perpendicular 
to the horixon or plan, and perpendicular to the fece of the wall, if the niches be spherical 
all their ribs are sections of the sphere, and are portions of the circumferences of different 
circles. If we complete the whole 
circle of the plan (^^.7 1 2. ), and pro- 
duce the plan of any rib to the opposite 
side of the circu^erence, we shall 
have the diameter of the circle for 
that rib, andrcbnsequently, the radius 
to describe it. 

2068. Of forming the hoards to 

cover domes, groins, ^c. The prin- 
ciples of determining the develope- 
ment of the sur&ce of any regular 
solid have already been given in 
considerable detail. In this place we 
have to apply them practically to 
carpentry. The boards may be ap- 
pli^ either in the form of gores or in 
portions of conic surfiices ; the latter 7 J 2 . 

is generally the more economical method. 

2069. To describe a gore that shall be the form of a board for o dome ciretdar on the plan. 
Draw the plan of the dome ABD (Jig, 713.), and its diameter BD and Ac a radius per- 
pendicular thereto. If the sections of the dome about to be described be semicircular, 
then the curve of the vertical section will coincide with that of the plan. Let us suppose 
the q uadran t AB to'be half of the vertical section, which may 
be conceived to be rmsed on the line Ac as its base, so as to be 
it a vertical plane, then the arc AB will come into the sur- 
£ice of the dome. M^e Ai equal to half the width of a board 
and join ei. IMvide the arc AB into any number of equal parts, 
and throng tlm points of division draw the lines It, 2J, 3k, 41, 
cutting Ac m the points ejgh and ct in the points ijkl. Produce 
the line cA to s, and apply the arcs Al, 12, 23, 34 to Am, mo, oq 
in the straight line As. Through the points mnoq draw the 
straight lines in, up, vr, and make mn, op, gr, as also mt, ou, qv, 
respectively equal to ei,fj, gk\ then through the points inpr to 
s, and also through the points xtuv to s, draw two curves from 
the points x and t so as to meet each other in s ; and the curves 
thus drawn will include one of the gores of the dome, which will 
l>e a mould for drawing the boards for covering the surface. 

2070. In pcdygonal domes the curves of the gore will bound 
the ends ctf the boards ; as, for example, in the hexagonal dome 
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(Jiff. 714.), the plan being ABCDEFGH. Let i be the centre of the circle in which the 
hexagon may be inscribed. Draw the half diagonal lA, iB, iC perpendicular to any side 
AB of the plan. Draw the straight line ih, cutting AB in h. Let hlmZ be the outline of 
one of the ribs of the dome, which is here supposed to be the quadrant of a circle. Divide 
the arc hZ into any number of equal parts from k at the points /mw, and through these 
points draw ir, wiy, cutting Bi at the points xyz^ and ih at the points 1 , 2, 3. Extend 
the arcs hU mn^ on the line hn, from ^ 

h to o, from c to p, from p to q, and 
through the points opq draw the straight 
lines rw, sr, tw perpendicular to An. Make 
ou, pv, qwy as also or, ps, qt, respectively 
equal to la*, 2y, 3a; then through the 
points Ars^ draw a curve, and through 
the points nvw draw another curve, 
meeting the former one in the point yi. 

Thus will be formed the gore or cover- 
ing of one side of the hexagonal dome. 

2071. When the plan of the base is 

a rectangle, as Jiff. 715., draw the plan 
ABCD and the diagonals AC and BD, 
cutting each other in E. Through E 
draw El perpendicular to AB cutting 
AB in F, and through E draw EJ per- 
pendicular to BC, cutting BC in G. Let the height of the dome be equal to half its 
breadth, and the section over the straight line EF a quadrant of a circle; then from the 
centre E describe the arc FH, its base being EF, and with the straight line EG as half 
the major axis of an ellipsis, and EF the minor axis, describe the quadrant GF of an ellipsis. 
Produce EF to I, and EG to J. Divide the arc of a quadrant FH from F into any 
number of equal parts, and extend the parts on the line FI to klm, through which draw 
the lines /r, msy See. perpendicular to FI. Through the points 1, 2, 3, &c. draw ict, .vu, 
yvy &c., cutting AE at u\x,ffy and FE at Make k'n% l'o\ m'p', also kq, /r, 7ns, respec- 

tively equal to tw, ux, vy, and through the points n’op' draw a curve, also through the 
points draw another curve meeting the former in 1; then these two curves with the 
line AB will form the gore 
or boundary of the build- 
ing of two sides of the 
dome. Also in the ellip- 
tical arc GF, take any 
number of points 1 , 2, 3, 
and draw the lines 1 w’, 2x', 

3y', parallel to BC, cutting 
EC in the points iv'x'y'., 
and GE in the points t', u, 
v'. Extend the arcs Gl, 

12 , 23 from GA', 
upon the straight line GJ, 
and through the points 
k'l'in draw the lines n'q, 
o’r\ p's' . IMake fin, I o', 
nip', also Ay, ZV, m' 5 ' respectively equal to t‘w', n’x'yvy', and through the points 'Bn'o'p' 
draw the curve BJ, and through the points Qq'r's' draw the curve CJ ; then BJ C will be 
the gore required, to which the boards for the other two sides of 
the dome must be fonned. 

2072. A general method of describing the board or half gore 
of any polygonal or circular dome is shown in Jiy. 716. Let 
DE be half either of the breadth of a board or of one of the 
sides of a polygon, EF the perpendicular drawn from the centre. 

Draw the straight line AB parallel to EF, and draw EA and 
FB perpendicular to EF; then upon the base AB describe the 
rib AC of the vertical section of the dome. Divide the curve 
AC into the equidistant arcs Al, 12 , 23, and through the points 
of division draw the lines ly, 2/i, 3* perpendicular to AB cutting 
E F at ffhi and DF at klm. Produce FE to V and extend the arcs 
Al, 12, 23 upon the straight line EV from E successi\eiy to 
the points opq. Through the points opq draw the lines or, ps, 
qt parallel to ED. Make or, ps, qt respectively equal to gk, 
hi, hn ; then through the points r st draw a curve, and DEV will 
be the half arc or half mould of the boarding. 
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Let rt5c, 


- 2073. To cover a hemispherical dome hy hoards moulded to portions of conic surfaces. Draw 
a vertical section of the dome ABC (Jig- 717.) and divide the circumference into equal arcs 
Cd, de, ef. Through the centre E draw EB perpendicular to AC. Draw the chords Cd, 
de, and produce all these chords till they meet the line EB, which they will produced in a 
convenient space; but those chords that are next to the bottom AC will require a distance 
too remote from AC ; and for the present confining our attention to those cords which, when 
produced, would meet the line EB,at a convenient distance from AC, let ef meet the axis 
EB produced in and from the point ^ as a centre with the distances ge and 5 y‘’describe the 
ares eh and fi. Then efih is the form of the board, so that its breadth is 
everywhere comprehended between the two concentric circles eh and fi, and 
when the boards are bent their edges (all on horizontal planes. 

2074. We will here shortly repeat a method which has previously been 
given of describing an arc of a circle independent of its centre, as connected 
with this part of the subject, and useful in cutting out the boards of a dome 
where the centre is inaccessible or too distant for convenience. Let AB 
{fig. 718.) be the cord of the arc and CD its height in the middle. In this 
case AB will be bisected at C by the perpendicular CD. Draw the half chord 
AD, and perpendicular thereto draw AE, and through the point D draw 
EF parallel to AB ; also draw AG and BH perpendicular to the chord AB 
cutting EF in the points G and H. Divide AC and RD each into the same 
number of equal parts, and draw lines through the corresponding points of 
division ; these lines will converge, and if produced with the lines EA and 
FB, would all meet in one point. Divide AG into the same number of 
equal parts as the lines AC, ED, and from the points of division draw lines 
to the point D to intersect the former. A curve drawn through the points 
of intersection will form the arc of a circle. The other part DB is found in 
the same manner ; and this is a convenient method, because any portion of a 
circle may be described within the width of a board. 

2075. To find the relation between the height and the chord of the arc. 

&c. {fig. 719.) be the middle points of the boards 
in the arc, and from a draw a line parallel to the 
base to meet the opposite curve; also from these 
points draw lines to the opposite extremity of the 
base ; then each parallel is the base, as /a, and the 
distances eg intersected between it, and the point 
where the oblique line from its extremity cuts the 
middle vertical is the height of the segment. 

2075. It is, however, more convenient to describe 
the curvature of the board by a continued motion, 
which may be done as follows. Let AB {fig. 720.) 
be the chord of the arc. Bisect AB at C by the 
perpendicular CD, and make CD equal to the height 

of the segment. Draw DE parallel to AB, and make DE a little larger than 
AD; then form an instrument ADE with laths or slips of wood, and make it 
fast by a cross slip of w'ood GH. By moving the whole instrument, so that the 
two edges DA and DE may slide on two pins A and D. the angular point D of 
the instrument will describe the segment of a circle, and if the pin be taken out 
of A and put in the point B, the other portion DB of the segment ADI3 will be 
described in the same manner. 

2077. The covering of an elliptical 
dome is formed by considering each 
part a portion of the surface of a cone. 

ABC {fig.l^l.) is a vertical section 
through the greater axis of the base; 
the other vertical section through the 
axis at right angles being a semicircle ; 
the joints of the boards therefore fall in 
the circumference of vertical circles. 

2078. In the same manner the cover- 
ing of an annular vault whose section is semicircular is found, being on the same principles 
as now shown for a horizontal dome, which will be evident from an inspection of fig. 722. 





BRACKETING. 

2079. The pieces of wood which sustain the laths of cornices, coves, and the like are 
called brackets, and they take in form the general outlines as nearly as possible of the forms 
to which they are to be finished. 
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2080. A cornice bracket of any form being givens to make another similar one^ Oi one that 


shall have the same proportions in all its parts. Let 
ABCDEF {Jig- 723.) be the given bracket. Draw- 
lines from the angular points CDE, and let Ah be the 
projection of the required bracket. The lines AC, AD, 
AE, being drawn, draw he parallel to the edge BC, cut- 
ting AC in c; draw cd parallel to CD, cutting AD 
•in d. Draw de parallel to DE, cutting AE in c, and 
draw ef parallel to EF, cutting AF in f. Then Abcdef 
is the bracket required. 

2081. To fm'm an angle bracket to support the plastering 
of a moulded comice. Let Jig- 724. X be the plan of the 
bracket. Draw the straight line AE equal to the pro- 
jection ab of the bracket on the plan X, and An per- 
pendicular to AE, to which make it equal. Join Ea, 
and on AE describe the given form AFGIIIKLE of the 
bracket which stands perpendicular to the line of con- 
course of the wall and the ceiling. From the angular 
points FGHIKL, draw the lines Fa, Gb, Ir, He, Kd, 
Ld, cutting AE in the points BCD, and aE in the points 
a, 6, c, d. Draw af hg, ct, dk, perpendicular to aE. Wake 
af bg. ch, ci, dk, dl, each respectively equal to AF, BG, 
CH, Cl, DI^ DK. Join fg, gh, ku ik. A/, ZE. Then 
afghikle is the angle bracket 
required. 

2082. An angle bracket 
for a cove {Jig- 725.) may be 
described in exactly the same 
manner. 

2083. When cove brackets 
have different projections, the 

method of describing the angle one is shown in^^. 726. Let 
AB, BC be the wall lines. Draw any line GD perpen- 
dicular to AB and HF perpendicular to BC. Wake GD 
equal to the projection of the bracket from the wall repre- 
sented by the line AB, and make HF equal to the pro- 
jection of the bracket from the wall represented by BC. 
Then, as one of the brackets must be given, we shall sup- 
pose the bracket GAD described upon GD. Draw DE 
parallel to AB, and FE parallel to BC, and join BE. In 
the curve AD take any number of points Q, S, and draw QP, 
SR cutting GD in P, R and BE in p, r. From the points 
p, r draw the lines pq, rs parallel to BC, cutting HF in 
the points p, r. Drawpg, rs perpendicular to BE. Wake 
pq, rs also pq,rs respectively equal to PQ, RS, &c. Ba 
and HC equal to GA, then through the points aqs, &c. 
draw a curve which forms the bracket for the angle. Also 
through the points C, g, s draw another curve, and this 
will form the cove bracket. 

2084. The angle bracket of a cornice or cove may be 
formed by the method shown in X and Y {Jig- 727. 
whether the angle of the room or apartment be acute or 
obtuse, external or internal. Let ABC be the angle. 
Bisect it by the line BE. Draw GF perpendicular to 
BC, and make GF equal to the projection of the bracket, 
GC equal to its height, and FC the curve of the given 
bracket or rib. In the curve FC, take any number of 
points PQ, and parallel to BC draw the lines Pr, Qs, cut- 
ting BE in the points r, s, and GF in the points R, S, 
Draw rpy sq perpendicular to BE, and make the ordinates 
rP» sg respectively equal to rp, sq, and through all the 
points pq, draw a curve, which will be the bracket as 
required. 

2085. When the angle is a right angle, it may be drawn 
as atfg. 728., which is an ornamental bracket for the string 
of a stair, and traced in the same manner as that on a right- 




angled triangle. 


Fig. 7S7. 
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2086. In coved ceilings, the coves meeting at an angle are of different breadths, and the 
plan of the angle is a curve to construct the brackets. Let 
ABC (^Jig> 729.) represent the angle formed by the walls of the 
room, and let ^defg be the plan of the bracket in the angle 
of a curvilinear form. Draw HM, and thereon describe the 
bracket HOPQ, intended for that side, and in the curve HOQ 
take any number of points NOP, and draw the lines NR, OS, 

PT perpendicular to AB, cutting it in the points R, S, T. 

Let MQ be the height of the bracket, and draw Q,A perpendi- 
cular to BA, and through the points NOPQ draw the straight 
lines Nd, Oe, cuttmg HM at IKLIVI. Draw hm perpendi- 
cular to BC. Make hr,lis,ht-, ha respectively equal to HR, 

HS, HT, HA, and draw m, so, /p, aq perpendicular to BC; 
also from the points defy draw the lines dn, eo, fp, gq, and 
through the points hnopq draw a curve, which will form the 
other bracket required. 

2087. Whether brackets occur in external or internal angles, 
the method of describing them is the same, and when the 
brackets from the two adjacent walls have the same projection, 
one of them must be given to find the angle bracket. When 
the brackets from these walls have unequal but given projections, 
then the form of one of the brackets must be given in form to 
find the angle bracket. 

2088. To form a bracket for a motdded comice. On the draw- J 

ing of such comice, draw straight lines, so as to leave sufficient j 

thickness for the lath and plaster, which should in no case be e 

less than three-fourths of an inch. Thus the general form of ^ 

the bracketing will be obtained. Pjg 



Fig. 728. 




1 


DOMES. 

2089. We have, in a foregone page, mentioned a method of constructing domes with 
ribs in thicknesses. We here present to 


the reader two designs for dome-framing, 
wherein there is a cavity of framed work 
between the inner and outer domes ; with 
mc^erate spans, however, simple framing 
is all that is required. Fig. 730. A is a 
design for a domical roof. B exhibits the 
method of framing the curb for it to 
stand upon, the section of the curb being 
shown upon fg. A. The design here 
given is nearly the same as that used for 
the dome of the Pantheon in Oxford 
Street, which was destroyed by fire. C is 
another design for a domical roof, which is 
narrow at the bottom part of the framing, 
for the purpose of gaining room within 
the dome. 

PENDENTIVES. 

^)90. If a hemisphere, or other portion 
of a sphere, be intersected (^fig. 731.) by 



cylindrical or cylindroidal arches, vaults 
aa are ffirmed, which are called pendentives. 
The termination of these at top will be 
a circle, whereon may be placed a dome, 
or an upright- drum story, which, if ne- 
cessary, may be terminated by a dome. 
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The reader will immediately perceive that many varieties may be formed. Our object 
here is merely to show how the carpenter is to proceed in making his cradling, as it is 
called, when pendentives are to be formed in wood. 

2091. To cove the ceiling of a square room with conical pendentives. Let ABC {_jig. 732. ) 
be half the plan of the room, and DFE the half plan of the curb, at whose top the ribs 
are all fixed. The hyperbolical arches agh, hhc on each of the four sides are of equal 
height. The straight ribs hf ik, Im, Sec. are shown on the plan by FB, IK, LM, &c. 
The method of finding the hyperbolical curves agb, hhc will be explained in the following 
figure. 



2092. To find the springing lines of the preceding pendentives, the section in one of the vertU 
cal diagonal planes being given. Bisect the diagonal LK {jig. 733.) at the point N by the 
perpendicular N\V, which make equal to the height of the cone, and draw the sides L\V 
and KW. Bisect the side MK of the square at a, and on N, with the radius Na, describe 
an arc aA, cutting the diagonal LK at A. Then take any points B, C, D, between A and 
K, and with the several radii NB, NC, ND, describe the arcs 'Bb, Cc, and Dd, cutting 
KM at the points d, c, and b. From the points A, B, C, and D, draw AE, BF, CG, and 
BH perpendicular to the diagonal KL, cutting the side WK of the section of the cone at 
E, F, G, H. At the points abed erect perpendiculars ae, bf, eg, and dh to the side ML, 
making each equal to their corresponding distances AE, BF, CG, and DH, which will be 
one half of the curve for that side from which the other may be traced. The dark parts show 
the feet of the ribs. 

2093. Fig. 734. shows the method of 
coving a square room with spherical penden- 
tives, which a few words will sufficiently 
describe. CD, DE are two sides of the plan; 

AFB is half the plan of the curb. In the 
elevation above is shown the method of fixing 
the ribs (which, in projection, are portions of 
ellipses) on two sides of the plan, ab is the 
elevation of the curb AFB; cfd and dge are 
ribs on each side of the plan supporting the 
vertical ribs that form the spherical surface, 
which vertical ribs support the curb afb. On 
afb may, if necessary, be placed a lantern or 
skylight ; or, if light be not wanted, a flat 
ceiling or a dome may be placed. This pen- 
dentive is to be finished with plaster ; hence 
the ribs must not be farther apart than about 
1 2 inches. 

2094. For finding {Jig- 735.) the intersec- 
tion of the ribs of a spandrel dome, whose 
section is the segment of a circle, and whose 
plan is a square ABCD. Let DEFB be the 

section on the plane of the diagonal. First plan one quarter of the ribs, as at UC, TN, 
SL, RI, and QG, this last being parallel to DC or AB, the sides of the square ; on V, 
with the radii VG, VI, VL, VN, and VC, describe the arcs GP^, Li, Lu/, Nrn, &c. cut- 
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ting the base DB of the angular rib 
in gt iy U and n. Draw gh, ik, Im, and 
no, each perpendicular to DB, cutting 
the diagonal rib at h, A, w, and o. Then 
making the distances GH, IK, EM, 
and NO equal to the corresponding 
distances gh, ik, Im, and no, through 
the points H, K, M, O draw a curve 
which will be the under edge of that 
for the bottom of the ribs QG, RI, 
SL, TN, and UC, shown complete on 
each side of the square plan. If each 
of the circular segments on each side 
of the square plan be turned up at 
right angles to the plan ABCD, the 
ribs will then stand in their true 
position. 


2095. We shall in this work confine ^ 

ourselves to the simplest forms of tira- 

ber bridges, which, as well as those of 735. 

stone, will be found fully treated of in the EncyclopcBdia of Engineering, by Mr. Cresy, 
which forms one of the series. TTiey mostly depend on the principle of the truss, where 
the span is large ; and this combination of timbers we have already explained, as in stone 
bridges the principle of construction of the arch is the chief matter for consideration, and 
to that a large portion of this work has been devoted; so that, on the part of the architect, 
we do not resign his pretension to employment in such works, for which, indeed, as 
respects design, his general education fits him better than that of the engineer, 

2096, Tlie bridge over the Brenta, near Bassano, by Palladio, is an example of a wooden 
bridge 736. ), which is not only elegant as a composition, but one which is economical, 




and might be employed with advantage where it is desirable that the piers should occupy 
a small space, and the river is not subject to great floods. The same great architect, in his 
celebrated Treatise on Architecture, has given several designs for timber bridges, the princi- 
ples of whose construction have only betn carried out further in many modern instances. 

He was the earliest to adopt a species « — a 

of construction by which numerous piers 

were rendered unnecessary, and thus to | 

avoid the consequences of the shock of 

time of floods. Of this sort was the ■ " u- _ ' ' - 

bridge he threw over the rapid torrent 
of the Cismone (^fg. 7.37.) whose span 

was 1 08 feet. Fig. 737 . 

2097 . Palladio has given a design 
for a timber bridge (^p, 738.) which is - 

remarkable as having been the earliest 

that has come to our knowledge, wherein ** ^ 

the arrangement is in what may be 

called framed voussoirs, like the arch 

stones of a bridge, a principle in later 

days carried out to a great extent, and 

with success, in iron as well as timber --n-rcu f- , 

bridges. Fig. 738. 
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2098. We shall conclude our section on practical carpentry with a method of con- 
structing timber bridges proposed by Price in his Treatise on Carpentry, and one not 
dissimilar in principle to the method of Philibert de Lorme, before mentioned. The 
bridge {Jig. 739-) is sup- 
posed to consist of two 
principal ribs ik. The 
width of the place is 
spanned at once by an 
arch rising one sixth part 
of its extent. Its curve 
is divided into five parts, 

“ which,” says Price, “ I 
purpose to be of good sea- 
soned English oak. plank, 
of 3 inches thick and li2 
broad. Their joint or 
meeting tends to the centre 
of the arch. Within this 
rib is another, cut out of 
plank as before, of 3 
inches thick and 9 broad, 
in such sort as to break 
the joints of the other. 

In each of these ribs are 
made four mortices, of 4 
inches broad and 3 high, 
and in the middle of the 
said Scinch plank. These 
mortices are best set out with a templet, on which the said mortices have been truly 
divided and adjusted. Lastly, put each principal rib up in its place, driving loose keys 
into some of the mortices to bold the said two thicknesses together ; while other help is 
ready to drive in the joists, which should have a shoulder inward, and a mortice in them 
outward; through which keys being drove keep the whole together. On these joists lay 
your planks, gravel, See. ; so is your bridge compleat, and suitable to a river, &c. of 36 fc^ 
wide.” 

2099. ** In case the river, &c. be 40 or 50 feet wide, the stuff should be larger and more 
particularly framed, as is shown in part of the plan enlarged, as I. These planks ought to 
be 4 inches thick and 1 6 wide ; and the inner ones, that break the joints, 4 inches thick 
and 12 broad; in each of these are six mortices, four of which are 4 inches wide and 2 
high ; through these are drove keys which keep the ribs the better together; the other two 
mortices are 6 inches wide and 4 high ; into these are framed the joists of 6 inches by 12 ; 
the tenons of these joists are morticed to receive the posts, which serve as keys, as shown 
in the section K, and the small keys as in L ; all which inspection will explain. That of 
M is a method whereby to make a good hutment in case the ground be not solid, and is 
by driving two piles perpendicularly and two sloping, the heads of both being cut off so 
as to ]>e embraced by the sill or resting plate, which will appear by the pricked lines 
drawn from the plan I and the letters of reference.” Price concludes : “ All that I con- 
ceive necessary to be said further is, that the whole being performed without iron, it is 
fterefore capable of being painted on every part, by which means the timber may be pre- 
served ; for though in some respects iron is indispensably necessary, yet, if in such cases 
where things are or may be often moved, the iron will rust and scale, so as that the parts 
will become loose in process of time, which, as I said before, if made of sound timber, will 
always keep tight and firm together. It may not be amiss to observe, that whereas some 
may imagine this arch of timber is liable to give way, when a weight comes on any par- 
ticular part, and rise where there is no weight, such objectors may be satisfied that no part 
can yield or give way till the said six keys are broke short off at once, which no weight 
can possibly do.” 



Sect. V. 

JOINERY. 

2100. Joinery is that part of the scien<^ of architecture which consists in framing or 
joining together wood for the external and internal finishings of hous^ such as the linings 
of walls and rough timbers, the putting together of doors, windows, stairs, and the like. 
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It reqtiiresy therefore, more accurate and nicer workmanship than carpeiitry, being of 
a decorative nature and near the eye. Hence the surfeces must be smooth and nicely 
wrought, and the joints must be ma(^ with great precision. The smoothing of the wood 
is' called planing, and the wood used is called stuff, which consists of rectangular prisms 
roughly brought into shape by the saw, such prisms being called battens, boards, and planks, 
according to their breadth and thickness. 

2101. We shall give but a succinct account of the joiner’s tools ; an acquaintance with 
their forms and uses being sooner learnt by mere inspection over a joint’s bench than 
by the most elaborate description. 

TOOLS. * 

2102. The first is the bench, whose medium height is about 2 feet 8 inches, its length 
about 10 or 12 feet,^and its width about 2 feet 6 inches. One side is provided with a 

, vertical board, called the side hoard, pierced with holes ranged at dififerent heights in 
diagonal directions, which admit of pins for holding up the object to be planed, which is 
supported at the other end of it by a screw and screw check, together called the bench screwy 
acting like a vice. The planes used by the joiner are the ja^ plane, which is used for 
taking off the roughest and most prominent parts of the stuff, and reducing it nearly to its 
intended form. Its stoch, that is, the wooden part, is about 1 7 inches long, 3 inches high, 
and 3^ inches broad. The trying plane, whose use is nearly the same as that last described, 
but used after it, the operation l^ing performed with it by taking the shaving the whole 
length of the stuff, which is called trying up, whereas with the jack plane the workman 
stops at every arm’s length. The long plane, which is used when a piece of stuff is to be 
tried up very straight. It is longer and broader than the trying plane, its length being 
26 inches, its breadth 3| inches, and depth 3J inches. The jointer, which is still longer, 
being 2 feet 6 inches long, and is principally used for obtaining very straight edges, an 
operation commonly called shooting. With this the shaving is taken the whole length in 
fimsbing the joint or edge. The smoothing plane, which, as its name imports, is the last 
employed for giving the utmost degree of smoothness to the surface of the wood, and is 
chiefly used for cleaning off finished work. It is only inches long, S inches broad, and 

inches in depth. The foregoing are technically called bench planes. 

2103. The competes plane which in size and shape is similar to the smoothing plane, 
except that its under surface or sole is convex, its use being to form a concave cylindrical 
surface. Compass planes are therefore of various sizes as occasion may require. The 
forkstaff plane resembles the smoothing plane in size and shape, except that the sole is part 
of a concave cylindric surface, whose axis is parallel to the length of the plane. The form 
is obviously connected with its application, and, like the last named, it is of course of 
various sizes. The straight block is employed for shooting short joints and mitres, instead 
of the jointer, which would be unwieldy : its length is 1 2 inches, its breadth 3j inches, 
and depth 2^ inches. 

2104. There is a species of planes called rebate planes, the first whereof is simply called 
the rebate plane, being, as its name imports, chiefly used for making rebates, which are 
receding planes formed for the reception of some other board or body, so that its edge may 
coincide with that side of the rebate next to the edge of the rebated piece. The length of 
the rebate plane is about 9^ inches, its depth about 3^ inches, and its thickness varies ac- 
cording to the width of the rebate to be made, say from IJ to ^ inch. Rebate planes vary 
from bench planes in having no tote or handle rising out of the stock, and from their 
having no orifice for the discharge of the shavings, which are discharged on one side or 
other according to the use of the plane. Of the sinking rebating planes there are two 
sorts, the moving ffllister and the sash JUUster, whereof, referring the reader to the tool 
itself a dght of which he can have no difficulty in procuring, the first is for sinking the 
edge of the stuff next to the workman, and the other for sinking the opposite edge, whence 
it is manifest that these planes have their cutting edges on the under side. Without 
enumerating many other sorts which are in use, we shall mention merely the pUmgh, a 
plane used for sinking a cavity in a surface not close to the edge of it, so as to leave an 
excavation or hollow, consisting of three straight surfaces forming two internal right 
angles with each other, and the two vertical sides two external right angles with the upper 
surface of the stuff. The channel thus cut is called a groove, and the operation is called 
growing or pbwing. This species will vary according to the width from the edge ; but it 
is generally about 7g inches long, 3| inches deep. 

2105. Moulding planes are for forming mouldings, which, of course, will vary according 
to the designs of the architect. They are generally about 9| inches long, and 3| inches 
deep. When mouldings are very complex, they are generally wrought by band ; but when 
a plane is formed for them they are said to be stuck, and the operation is called sticking.r 

2106. The head plane is used very frequently in joinery, its use being for sticking 
mouldings whose section is semicircular ; when the bead is stuck on the edge of a piece 
of stuff to form a semi-cylindric surface to the whole thickness, the edge is said to be 
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beaded or rounded. When a bead is stuck so that it does not on the secti^fn merely fall in 
with its square returns, but leaves a space thus, between'the junctions at the 

sides, it is said to be quirked. The beads or planes vary from very small sizes up to the 
^ inch and | bead. Tliey may however be larger, and are sometimes stuck double and 
triple. Tlie snipebill plane is one for forming the quirk, whereof we have spoken ; but we 
do not think a detailed description of it necessary, more than we do of those which are 
made for striking hollows and rounds. 

2107. The stock and bit is the next tool to be mentioned. Its use is for boring wood, 
and the iron, which varies as the size of the bore required, is made in a curve on its edge of 
contrary flexure so as to discharge the wood taken out. It fits into what is called the stock, 
which has a double curved arm working on spindles, the end opposite to the bit being 
pressed by the body, whose weight against the whole instrument is the power whereby 
the operation is performed. The bit is also called a pin, or gouge bit. It is an important 
tool, and much used. 

2108. Countersinks are bits for widening the upper part of a hole in wood or iron for 
the head of a screw or pin, and are formed with a conical head. Rimers are bits for widen- 
ing holes, and are of pyramidal form whose vertical angle is about degrees. The hole 
is first pierced by means of a drill or punch, and the rimer then cuts or scrapes off the in- 
terior surface of the hole, as it sinks downwards, by pressing on the head of the stock. 
According to the metal on which they are to be used they are differently formed. 

2109. The taper shell bit is conical both within and without. Its horizontal section is a 
crescent, the cutting edge being the meeting of the interior and exterior conic surfaces. Its 
use is for widening holes in wood. Besides the above bits, there are some which are pro- 
vided with a screw-driver for sinking small screws into wood with more rapidity than the 
unassisted hand will accomplish. 

2110. The brad awl, the smallest boring tool, is so well known, that it would be waste 
of space to do more than mention it, the commonest of instruments in the science of con- 
struction. 

2111. The variety of chisels is great. Tliey are well known to be edge tools for cutting 
wood by pressure on it, or by percussion with a mallet on its handle. 'The Jirnier chisel is 
a tool used by the carpenter as well as the joiner for cutting away superfluous wood by 
thin chips. Those are best which are made of cast steel. If much superfluous wood is to 
be cut away, a strong chisel, with an iron back and steel face, is first used with the aid of 
the mallet, and then a slighter one with a very flne edge. The first is the firmer first 
mentioned, and the last is called a paring chisel, in the use whereof the force employed 
is from the shoulder or hand. 

2112. The mortice chisel, whose use is for cutting out rectangular prismatic cavities in 
stuff is made of considerable strength. The cavity it so cuts out is called a mortice, and 
the piece which fits into it a tenon, whence the name of the tool. This chisel is one acted 
on only by the percussion of the mallet. 

2113. The gouge is used for cutting concave forms in stuff. It is, in fact, a chisel 
whose iron is convex. 

2114. The drawing knife is an oblique-ended chisel, or old knife, for drawing in the 
ends of tenons by making a deep incision with the sharp edge, guided by that of the tongue 
of a square, for which purpose a small part is cut out in the form of a triangular prism. 
The use of this excavation is to enter the saw and keep it close to the shoulder, and thus 
make the end of the rail quite smooth, for by this means the saw will not get out of its 
course. 

21 1 5. There are many species of the saw, which is a thin plate of steel, whose edge is in- 
dented with teeth for cutting by reciprocally changing the direction of its motion. The 
varieties are — the tipping saw, which is used for dividing or splitting wood in the direction 
of the fibres ; its teeth are large, the measure being usually to the number of eight in 
3 inches, such teeth standing perpendicularly to the line which ranges with the points : 
the length of the plate or blade of this saw is about 28 inches. The half ripper is used 
also for dividing wood in the direction of the fibres ; the plate of this saw is as long as of 
that last described, but it has only three teeth in an inch. The hand saw, whose plate is 
26 inches long, contains fifteen teeth in 4 inches ; it is used for cross cutting, as in the direc- 
tion of the fibres ; for which purposes the teeth recline more than in the two former saws. 
The panel saw has about six teeth in an inch, the length of its plate being the same as the 
last ; but in this and the hand saw thinner than in the ripping saw : it is used for cutting 
very thin wood, either with or across the fibres. The tenon saw is most used for cutting 
wood transverse to the fibres, as the shoulders of tenons. The plate of a tenon saw is from 
14 to 19 inches long, having eight to ten teeth in an inch. This saw not being intended to 
cut through the whole breadth of the wood, and the plate being too thin to make a 
straight kerf, or to keep it from buckling, it has a thick piece of iron fixed on the edge 
opposite to the teeth, called the back. From the opening for the fingers through the 
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handle of this and the foregoing saws being enclosed all round, it is called a double handle. 
The sash saw is used for forming the tenons of ^shes ; its plate is 1 1 inches in length, having 
about thirteen teeth to the inch. It is sometimes backed with iron, but more frequently 
with brass. The dovetail saw is used for cutting the dovetails of drawers and the like ; its 
plate is backed with brass, it contains fifteen teeth in about one inch, and is about 9 inches 
long. The handles of this and the l^t saw are only single. The compass saw, for cutting 
wood into curved surfaces, is narrow, thicker on the cutting edge as the teeth have no set, 
and is without a back ; the plate, near the handle, is about an inch broad, and about a 
quarter of an inch at the other extremity, having about five teeth to the inch ; the handle 
is single. The keyhole, or turning saw, in its plate resembles the compass saw, but the 
handle is long, and perforated from end to end for inserting the plate at any distance with- 
in the handle ; there is fxpad in the lower part of the handle, through which is inserted 
a screw for fastening the plate therein. As its name implies, it is used for turning out 
quick curves, as keyholes, and is therefore frequently called a keyhole saw. 

2116. The teeth of all saws, except turning and keyhole saws, are bent alternately on 
the contrary sides of the plate, so that all the teeth on the same side are alike bent through- 
out the length of the plate, for the purposes of clearing the sides of the cut made in the 
wood by it. The saw is a tool of great importance in every case where wood is to be 
divided, for by its means it can be divided into slips or scantlings with no more waste than 
a small slice of the wood, whose breadth is equal to the depth of the piece to be cut 
through, and the thickness of it equal to no more than the distance of the teeth between 
their extreme points on the alternate sides of the saw measured on a line perpendicular to 
them ; whereas, by any other means, such as the axe for instance, large pieces of timber 
could only be reduced in size by cutting away the superfluous stuff, which would be no less 
a waste of labour than of the material used ; and even then it would have to be reduced 
to a plane surface. 

2117. Joiners use the hatchet, which is a small axe, for cutting away the superfluous 
wood from the edge of a piece of stuff when the part to be cut away is too small to be 
sawed. 

2118. The square consists of two rectangular prismatic pieces of wood, or one of wood, 
and the other, which is the thinnest, of metal, fixed together, each at one of their extremi- 
ties, so as to form a right angle both internally and externally ; the interior right angle is 
therefore called the inner square, and the exterior one the outer square. Squares are, for 
different applications, made of different dimensions. Some are employed in trying up 
wood, and some for setting out work ; the former is called a trying square, and the latter a 
setting out square. To prove a square it is only necessary to reverse the blade after having 
drawn a line on the surface to which it is applied : if the line of the blade on reversal 
do not coincide with that first drawn, the square is incorrect. 

2119. The bevel consists, like the square, of a blade and handle; but the tongue is 
moveable on a joint, so that it may be set to any angle. When it is required to try up 
many pieces of stuff to a particular angle, an immoveable bevel ought to be made for the 
purpose ; for unless very great care be taken in laying down the moveable bevel, it will be 
likely to shift. 

21 20. The gauge is an instrument used for drawing or marking a line on a piece of stuff 
to a width parallel to the edge. It consists generally of a square piece with a mortice in it, 
through which runs a sliding bar at right angles, called the stem, furnished with a sharp 
point or tooth at one extremity, projecting a little from the surface ; so that when the side 
of the gauge next to the end which has the point is applied upon the vertical surface of 
the wood, with the toothed side of the stem upon the horizontal surface, and pushed and 
drawn alternately by the workman from and towards him, the tooth makes an incision from 
the surface into the wood at a parallel distance from the upper edge of the vertical side on 
the right hand. This line marks precisely the intersection of the plane which divides the 
superfluous stuff from that which is to be used. When it is required to cut a mortice in a 
piece of wood, the gauge has two teeth in it, and is called a mortice gauge, one tooth being 
stationary at the end of the stem, and the other moveable in a mortice between the fixed 
tooth and the head ; so that the distances of the teeth from each other, and of each from the 
head, may be set at pleasure, as the thickness of the tenon may require. 

2121. The side hook is a rectangular prismatic piece of wood, with a projecting knob 
at the ends of its opposite sides. The use of the side hook is to hold a board fast, its fibres 
being in the direction of the length of the bench, while the workman is cutting across the 
fibres with a saw or grooving plane, or in travelling the wood, which is planing it in a 
direction perpendicular to the fibres. 

2122. The mitre box consists of three boards, two, called the sides, being fixed at right 
angles to a third, called the bottom. The bottom and top of the sides are all parallel ; the 
sides of equal height, and cut with a saw in two directions of straight surfaces at right 
angles to each other an^ to the bottom, forming an angle of 45 degrees with the sides. 
The mitre box is used for cutting a piece of tried up stuff to an angle of 45 degrees with two 
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of its sur&ces ; or at least to oue of the arrisses, and perpendicular to the other two side^ 
or at least to one of them, obliquely to the fibres. 

2123. The straight edge is a slip of wood made perfectly straight on the edge, in order to 
make other edges straight, or to plane the fiice of a board straight. It is made of difierent 
lengths, according to the required magnitude of the work. Its use is obrioi^ as its appli- 
cation will show whether there is a coincidence between the straight edge and the surface 
to which it is applied. When joiners wish to ascertain whether the whole sur&ce of a 
piece of wood lies in Uie same plane, they use two slips, each straightened on one edge, with 
the opposite edge parallel, and both pieces of the same breadth between the parallel edges ; 
whence each piece has two straight edges or two parallel planes. To find, therefore, 
whether a board is twisted, one of the slips is placed across one end and the other across 
the other end of the board, with one of the straight edges of each upon the surface. The 
joiner then looks in a longitudinal direction over the upper edges of the two slips, until his 
eye and the said two edges are in one plane ; or otherwise the intersection of the plane 
passing through the eye and the upper edge of the nearest slip will intersect the upper edge 
of the farthest slip. If it happen as in the former case, the ends the wood under the 
slips are in the same plane ; but should it happen as in the latter, they are not. In the 
last case, the surface is said to wind; and when the surface is so reduced as for every two 
Imps to be in one plane, it is said to be out of winding^ which is the same as to say it is a 
perfect plane. From the use of these slips, they are denominated winding sticks. 

2124. The mitre square^ an instrument so called because it bisects the right angle or 
mitres the square, is an immoveable bevel, for the purpose of striking an angle of 45 degrees 
with one side or edge of a piece of stuff upon the adjoining side or edge of the said piece 
of stuff. It consists of a broad thin board, let or tongued into a piece on the edge called 
the fence or handle, which projects equally on each side of the blade, whereof one of the 
edges is made to contain an angle of 45 degrees with the nearest edge of the handle, or of 
that in which the blade is inserted. The inside of the handle is called the guide. The 
handle may be about an inch thick, 2 inches broad ; the blade about to J of an inch thick, 
and about 7 or 8 indies broad. As the different sorts of mouldings used in architecture 
will be hereafter properly defined and treated on, we shall not now stop to describe them 
otherwise than as immediately connected with the section under consideration. The wood 
used for joinery is of two sorts, white and yellow deal ; the first for panelling, and the last 
for framing. Of late years, much American wood has been used in joinery, both for panels 
and frames. It works easily, is soft, free from knots, but more liable to warp than white 
deal. 

2125. The arris of a piece of stuff is the edge formed by two planes. 


MOULPINGS. 


21 26. When the edge of a piece of wood is reduced to a cylindrical form, it is said to be 
rounded, which is the simplest kind of moulded work. {Fig. 740.) When a portion of the 
arris is made semicylindrical, so that the surface of the cylindrical part is flush both with 
the face and edge of the wood, with a groove or sinking made in the fece only, the 

■ cylindrical part is called a bead, and the sinking a quirk ; the whole combination {fg. 741.) 
being called a quirked bead. 

2127. If a quirk is also formed on the other or returning face, so as to make the rounded 
part at the angle three fourths of a cylinder, the moulding (see^y. 742.) is called a head 
and dotible quirk. 
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21 28. If two semicylindrical mouldings both rise from a plane parallel to the 
one comes close to the edge of the piece and the other has a quirk on the forther si e, an 
its surfree flush with the face of the wood, as in Jig. 743., the combm^on is ® ® 

head or double bead and quirk, wherein the bead next to the edge e u is muc 

Me usuaUy separated from one another, and 
mtrrow planes at Sght ^gles. (V^ 4 .)^o ^ch ot^= 

two sides of a rectan^lar pnsm J*'.® Ling ^m a plane paraUel to the 

are eaUed is cafred a tonL In the figure there are 

and terminated on the edge by a b called a cUmbU toraa. The reader must 

two hemmylmdric^mouldi^ whenc^to ^ i„ is, that the outer 

observe that the distinction whether the torus be single <ar double ; 

edge of the former always terminates wii^a^nuv.. 
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^I^^^e0s%bead ha& a fillet <ki the outer edge. A repetition of equal semicyUiidrical 
(^ringing &om a plane or cjiixidrx^ sor&e^ is called reeds.' In 


dma recta, and Hma reversa, are called respectively the c^ce and offee 

fccerse. Hie ovolo so named from its egg-like form, and the qitarter round, the 


lonartit f«rt of a cylindrical sur&ce, are the remaining of the principal mouldings used in 
loin»y. When the margin of any framing terminates on the edges nest to the panel, with 
<nie or more mouldings, which both advance before and retire from the free of the framing 
to the panelling, the mouldings thus introduced are called hdection mouldings. 
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2130. We shall now more particularly adaress ourselves to flie subject of aoors and their 

mouldings. The most inferior sort of door used in building is the common ledged door, in 
which five or six dr seven vertical boards are held together by usually three horizontal 
pieces called ledges, to which the vertical ones are nailed. Sometimes there is an outer 
framing, consisting of the top rail and the two outside styles, but still having ledges as 
before ; these are called framed and ledged doors. A door, properly made, is formed by 
franung and fitting pieces of stuff together of the same thickness ; those 
whiffr are horizontal (^fg* 746.') AAAA being called rails, and those which 
are v^tical BBBB being called styles. These form a skeleton into which 
ponds, usually of a less thickness, are fitted. And this, indeed, is the general 
practice in all systems of framed joinery. In doors, the upper rails are called 
top rails ; the next in descending, yWze rails/ the next, which are usually wider 
than the two first, are called the lock or middle rails j and the lowest, from 
their dtuation, are called bottom rails. The styles on the fianks are called otd- 
side styles, and th<^ in the middle are called middle styles. The panels are also 
named from their situations on the door ; thus CC, being the uppermost, are 746. 

called /rize panels / the next DD are called middle panels, and EE bottom panels. ITie rails 
and styles are wedged together, being previously morticed and tenoned into each other. 
The student should, however, to obtain a clear comprehension of the method adopted, see 
a door put together at the bench. The varieties and forms of doors are dependent upon 
the will of the architect, from whom the design of the whole emanates ; it will be, there- 
for^ here sufficient to mention the three sorts, viz. the common door, just described ; the jfV6 
door, which is made with the same finishings and appearance as the room in which it is 
placed, so as not to have the appearance of a door ; and, lastly, folding doors, which open 
from the centre of the doorway, and are used for making a wider communication between two 
apartments than a common door will permit, or, in other words, to lay two rooms into one. 

2131. Though the panelling of framed work is generally sunk within the face of the framing, it is for out- 
side work sometimes made flush. In the best flush work. ' ' 

tlu* oflhe frill. ii'ir. .".lid thr wrrk is called , , ■ 

Is.iii !• n.ii \ me i»o .li.'* ' » : 'le panel in the direc 

ri'c i! 'iMlc: Ml*:!’ ‘ f framed doors, acce . 

Hoih 'll gi'iii Ml, ii-e .-!• ‘‘I. I ••• figures by which th 

one of the styles, whereid only a small part of the panel : . . 

vertical sections, through the top rail and part of the panel below it. 

2133. Tig. 747. represents the commonest door. It is without mouldings, and the panel 
is a straight surface on both sides. It is technically described, first mentioning the number 


□ B 

0 bI 



rig. 747. 



Fig. 748. 




Fig. 751. 


of jKinels intended in it, as a door square and fat pond on both sides. We shall not, in the 
frllowing, r^>^ the observation as to the number of panels, that being always supposed as 
mentioned. 

2134, Fig.746. represents the rail and panel of a door, with a quirked ovolo and a 
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fillet on one side, but having no mouldings on the other. The panel flat on both sides, it 
is described as a door with quirked ovoloy fillet and flat with square back. 

2135. Fig. 749. only differs from the last in having a bead instead of a fillet, and is 
described as quirked ovolo, head and flat panel with square hack. 

2136. Fig. 750., with an additional fillet on th^ framing, is described as quirked ovolo, 
head fillet and flat panel with square hack. The back, in the foregoing and following cases, 
is described as square, because of its having no mouldings on the framing, and of the panel 
being a straight surface on one side of the door. 

2137. In^^. 751 . the framing is formed with a quirked ogee, and a quirked bead on one 
side and square on the other, the surface of the panel being straight on both sides, and the 
door is described as quirked ogee, quirked head and flat panel with square hack. 

2138. Fig. 752. only differs from the last in the bead being raised above the lower part 
of the ogee and a fillet. It is described as quirked ogee, cocked head and flat panel with 
square back. 

2139. Fig. 753. is described as a door with cove, cocked head, flat paneland square hack. 



Fig. 75S. Fig. 753. Fig. 754. Fig. 755. 


2140. Fig. 754. is a combination, by which much strength is imparted to the door, and 
it is therefore much used for external doors. It is, however, often in the interior of houses, 
and is described, quirked ovolo, bead fillet and raised panel on front and square hack. It is 
from the raising of the panel that the additional strength is acquired. 

2141. Fig. 755. resembles the last in general appearance, the difference being in the 

ovolo on the raised panel. It is described, quirked ovolo, bead and raised panel, with ovolo on 
the raised panel and square hack. When an external door has raised panels, they are always 
placed towards the exterior. 



Fig. 756 Fig. 7’i7. Fig. 758. Fig. 759. 


2142. In fig. 756. there are more mouldings than in the last on the raised panel. It is 
described, quirked ogee, raised panel with ovolo and fillet on the rising and astragal on the flat 
of panel in front and square hack. 

*^143. Fig. 757- i*’ described, quirked ovolo, bead fillet and flat panel on both sides. This 
description of doors is used where a handsome appearance is to be equally preserved 
on both sides of the door, as between rooms, or between halls or principal passages and 


2144 Fiq. 7.'58. is a combination used, as all bead butt and bead flush work is, where 
strenf^h is required. The form here given is described, bead and flush front and quirked 
ogee, ^raised panel with ovolo on the rising, grooved on flat panel m back. 

^145 The series of mouldings are, as we have before mentioned, called holection mould- 
ings ififf- 759- )> ‘‘"‘I framed square and put together. They 
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project beyond the framing on each side. When bradded on through the sides of the 
quirks, the heads of the brads will be entirely concealed ; but it is to be observed that, in 
driving the brads, they must not be directed towards the panels, but into the solid of the 
framing. The form of these bolection mouldings is of course varied according to the 
pleasure of the architect. 

SHUTTERS. 




2146. Shutters, which are the doors of window openings, are framed upon the same 
principles as doors themselves ; but their backs are very often flush. In the better sort of 
buildings they are folded into recesses called boxings, whereof we shall give a figure below 
as an example of the ordinary method ; but as the extent and different forms of windows 
vary, the ingenuity of the architect will be often required to contrive his shutters within 
a very small space. Into minutiae we cannot enter in a work of this nature ; however, 
in all their shapes, they are dependent on the leading principles given. 

2147. Fig. 760. is a plan of the shutters, architrave, sash-frame, and part of the sash of 
common shutters. The cavity which forms the boxing 
into which the sashes fold is formed by the ground B 
(upon which the architrave A is nailed), the back lining 
F of the boxing, and the inside lining G of the sash 
frame, whereof H is the inside bead. L is the outdde 
lining of the sash-frame, M the hack lining of it, and 
K the parting bead, so called from parting the upper 
and lower sash. The vacant space between the pulley 
piece I and M, is a cavity which contains the weights 
for balancing the sashes, N shows the plan of the sash. 

The shutters, when stretched out in their different 
folds, are supposed to cover one half of the window, 
another series being supposed to be placed on the other 
side of it. The front shutter CCC is hung by hinges 
at a to the inside lining G of the sash-frame. The 
inner shutters DDD and EE are called the hack 
Jlapsi the former whereof is hinged on to the front 
shutter at h, and the latter is hinged on to DDD at c. 

It will be immediately seen that these will thus al- 
together turn upon the hinges at a, and cover, in one 
straight line, from both sides, the whole of the light of 
the window ; it being contrived that each boxing shall 
contain as many shutters as will cover one half, that 
is, from the centre of the hinge to the centre of the 
window. When the boxes are scanty, the hinge may 
be placed as shown in X attached to the figure. 

2148. It would be impossible to place before the 
reader the infinite variety of examples required for the 

application of shutters to windows; in ordinary cases, i-jg. yoi;. 

the example we have given will sufficiently exhibit the method to be adopted. On occa- 
sions wherein it is not applicable, the architect must apply himself to the work pro re natd, 
in which, with very little attention, he will not find insurmountable difficulty. 





HIKGEING. 

2149. A very essential consideration in the neatness and beauty of joiners’ work, is the 
formation of the joints on which are placed the hinges of doors and shutters. They ought 
to be so continued as to preserve the uniformity of the door or shutter on both sides, and 
as much as possible to be close enough to exclude a rush of air between the edges of the 
bodies to be hinged together, which, in this cold climate, is essential. In these joints, both 
angles of one of the bodies is usually beaded, to conceal the open space, which would 
otherwise be seen ; and for preserving the appearance of the work, the hinges are made of 
such a curvature towards the eye, as to seem, when painted, a part ot the bead itself on 
that side where the knuckle is placed, so that when hung the whole may appear to be one 
bead. 

2150. The section of a door style, and part of the hanging 
style at the joint, are represented in A and B {Jig. 761.), 
wherein the centre of the bead on each side is in the line of 
the straight part of the joint from the opposite side. In this 
figure, C is the centre of the bead, AG part of the joint in 
a line with its edge. Joining AC, draw AB perpendicular 
thereto. The other part BH is perpendicular to EF, which 
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is the face of the door or hanging style. This is a joint suitable for many purposes, and 
may be made with common hinges. If crooked, it will assist in excluding the current of 
air, a point of no mean importance in this climate. 

2151. In fig. 762. A and B exhibit a plane joint, beaded similarly on both sides. In 
this case, the plane of the joint is a tangent to the cylindrical surfaces of the two beads ; 
and as the margin on each side is alike, no check to the rush of cold air is afforded. The 
hinge, moreover, is such that it cannot be made in the usual manner, but must be formed 
as at C. 



Fig. 762. 



Fig. 763. Fig. 764. 


2152. Fig. 763. A and B represent a hinging wherein the plane of the joint from one 
side is directed to the axis of the bead on the other. The principle in it is the same as 
that in fig. 761., and it may therefore be binged with common hinges, as shown in C, in 
which the two parts are conjoined, 'fhe methods shown in this and^g. 761. are useful in 
cases wherein a part of the margin is concealed on one side of the door. 

2153. Fig. 764. A and B exhibit the beads of similar size on each side, and exactly 
opposite to each other, the joint being broken by indenting a part terminated by a plane 
directed to the axis of the two opposite beads. The hinges are required merely of the 
common form, the arrangement is strong, and the apartment rendered comfortable by their 
use. In C the parts are shown as hinged together. 

2154. In fig. 765. the beads are on both sides, but not on the same piece, as in the last 
figure. The appearance is uniform, but the bead, which projects the whole of its thickness, 
is weakened. Tlie junction is seen in the representation at C. 



2155. Fig. 766. is a method that has been adopted for concealing the hinges of shutters. 
A is the inner bead of the sash-frame, B the inside lining, C the style of the shutter. For 
the form of the joint, let af be the face of the shutter, perpendicular to ar the face of the 
inside lining. Let the angle/, a, r be bisected by the straight line aa, and in the centre 
take c. Draw dd perpendicular to aa, cutting it in c, which is the centre of the hinge. 
From c as a centre, describe the arc am, which must be hollowed out from the inside 
lining of the sash through the height of the shutter. In order to make room for the open- 
ing and shutting of the hinge, the internal right angle of the shutter must be cut out of its 
edge to the breadth of the hinges. The tails of the hinge are here for the purpose of 
strengthening them, represented of different lengths. 

2156. In fig. 767. the hinges, which are for a door, are concealed, as the door allows it 
in the thickness of the wood, the ends of the hinges being of equal lengths. 

2157. Fig. 768. shows the common method 
of hingeing shutters, a mode wherein the whole 
thickness of the hinge is let into the thickness 
of the shutter, the inside lining being assumed 
as too thin to afford sufficient hold for the 
screws employed to fasten them. 

2158. Fig' 769. exhibits the hanging of a 

door with the centres concealed. Let ad be 
the side of the jamb in contact with the edge of 
the door • bisect it in 6, and draw he perpendicular to ad, make he equal to ha or hd, and 
join ac and cd ; from c, as a centre, describe the arc aed, which will show the portion to 
be hollowed out of the jamb. The centres are fixed to the upper and under parts of the 
door and the former is to be so constructed as to allow its being taken out of the socket 
to unhang the door when required. ^ , . - 

2159. Shutters are usually hung m the way represented in f.g. ,70., wherein the centre 



Fir. 768. Fig. 769. 
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of the knuckle of the hinge 
is exactly opposite to the 
perpendicular part of the 
rebate. The dotted lines ex- 
hibit the flap when folded 
back. 

2160. When the axis of 
the knuckle cannot be dis- 




Fig. 771. 



Fig. 772. 


posed so as to fall opposite to the joint, the hinge is to be placed as shown in Jig. 771 . 
Thus, ah being the distance of the edge of the flap from that 
of the shutter, bisect it in c, which will be the point opposite 
whereto the centre of the hinge is to be placed. This ar- 
rangement is necessary, both when the shutters are not 
square at the ends, and when the boxing is restricted in 
space ; the principle being to place the centre of the knuckle 
of the hinge at half the distance of the edge of the flap from 
the rebate on the edge of the shutter. In Jig. 772. the 
two parts are shown hinged together. 

2161. When a door has attached to it any projection, and, 
when open, it is requisite to bring it parallel to its place 
when shut, the knuckle of the hinge (^Jig. 773.) must project 
at least as far as the projection in question. An inspection 
of the diagram, wherein the dotted lines show the situation 
of the door when folded back, will sufficiently convey the 
mode of conducting this expedient. 

2162. Fig. 774. is the representation of what is called a 
rvle jointi which is used when the piece to be hung is not 
required to open to more than a right angle. In this case, 
the centre of the hinge is necessarily in the centre of the arc. 

In Jig. 775. the expedient shows the method turned to a 
right angle. 

2163. The various methods 

of hingeing to suit every pos- 
sible case would occupy a very 
large space, were we to enter 
into them ; and even after 

exhausting all the cases that we may have imagined, others would 
arise to which no example given might be applicable ; we there- 
fore leave this portion of the subject of joinery, under an impres- 
sion that the principles have been sufficiently developed to enable 
the student to pursue from them the application to any case that 
he may be called upon to put in practice. 







• .i" 

Fig. 774. 



SASH-FRAMES AND SASHES. 

2164. la Jig . 760. the connection between the shutters and sash-frame has been fully 

explained ; we may now, therefore, proceed to the detail of a common sash-frame with 
its sashes, supposing them to be hung so as to be balanced by weights, suspended by sash- 
lines running over pulleys, capable of balancing those of the sashes themselves. On the 
case of French sashes, which open like doors, we do not think it necessary to dilate 
They are, in fact, nothing more than glared doors ; and the principal object for attainment 
in their construction, is to prevent the rain from penetrating into the apartments they 
serve, as well where they meet in the middle as at their sills, which is a subject requirine 
much care and attention. ^ ° 

2165. la Jig. 776. is shown the construction of a sash-frame, and the method of putting 
together the several parts, wherein R is the elevation of the frame, of which A BCD is the 
outer edge. The thinner lines at EF, GH, FG, are grooves whose distances from the edges 
of the sash-frame LM and KI are equal to the depth of the boxing, together with three- 
eighths of an inch more that is allowed for margin between the face'of the shutter when in 
the boxing, and the edges ML and KI of the sash-frame next to the bead. S is a horizon- 
tal section of the sides, whereon is shown also the plan of the sill. T is a vertical section of 
the sill and top, in which is shown the elevation of the pully style m and n, and the pullies let 
into the pully piece. U is the horizontal section of the sides, showing also a plan of the 
head of the sash.frame. V the elevation of the outer side of the sash-frame ; the outside 
lining being removed for the purpose of showing the work within the sash-frame. In this 
fg IS the parting strip fastened by a pin ; ed one of the weights connected to the sash bv 
means of a line going over the pulley e, the other end being fixed to the edge of the sash. 
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The weight de is made equ^ to 
one half the weigfit of the sash. 
W is the head of the sash-frame 
before put together, and X shows 
the edge of W. Y is the edge 
of the bottom, exhibiting the 
manner of putting the styles in 
it, and Z is the plan of Y. Fig. 
'i’ll.. Nos, 1. and 2., are sections 
of the sills of sash-frames, with 
sections of the under rail of the 
sash, showing the best method of 
constructing them, in order to 
prevent rain from driving imder 
the sash-rail. In each of these, 
A is the section of the bottom 
rai], B a section of the bead 
tongued into the sill, C a section 
ofthesUl. Fig. 778. exhibits sec- 
tions of the meeting rails of the 
upper and lower sashes, with side 
elevations of the upright barsj 
C is the rebate for the glass, D 
a square, £ and F an astragal 
and hollow moulding, G a fillet. 
The smaller letters mark the 
same parts of the under sash. 
Fig. 779. is the section of an 
upright bar with the plans of two 
horizontal bars, showing the 
franking or manner in which 
they are put together to keep the 
upright bars as strong as possible. 
The thickness of the tenon in 






general is about one sixteenth of an inch to the 
edge of the hollow of the astragal, and close to 
the rebate on the other side, hh is a dowel to 
keep the horizontal bars still firmer together. 
In this diagram the letters refer to the same parts 
as in the preceding figure ; and it is also to 
be observei that no rebate is made for the glass 
on the inside meeting rail, a groove being made 
to answer that purpose. Fig. 780. exhibits four 
sections of sash bars. But their forms, as in the 
case of mouldings, generally depends on the taste 
of the architect. 


2166. Grounds are pieces of wood framed | 
together, and attached to walls, around windows, “ 
doors, or other openings in buildings, for the 







doors, or otner openings m nunumgs, lu, me 

facility of fixing architraves or other mouldings upon them ; in all these cases they ought 
to be fixed vertical on the face and edge, and the workman should take especial care to 
fix them firm and solid in every part; for, without accuracy and firmness, the inside work 
cannot be well finished to them, as it is to be recollected that in plastered rooms the 

■t . • 1 1 A.^ 


to be nxed vertical on me euge, aiiu cue & 110 UIU lajie especial care to 

fix them firm and solid in every part; for, without accuracy and firmness, the inside work 
a 1 n tn them, as it is to be recollected that in 


plaster is worked to them. 
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2167. In fixing window grounds, the sash-fimne must be first carefully placed so as to 
stand perfectly vertical ; and then the face of the ground must stand ^ite parallel to the 
&ce of the sash-frame, and project about three quarters of an inch from the face of the 
naked brickwork, so as to leave a sufficient space for the thickness of the plaster. The edge 
of the ground should be in the same plane with the edge of the sash-frame, or, as the work* 
men term it, “out of winding.*' The edge of the architrave, when finished, in ordinary 
cases, will stand about three eighths of an inch within the inner edge of the sash-frame, so 
that a perpendicular line down to the middle of the grounds would stand exactly opposite 
to a perpendicular line down to the middle of the sash-frame. 

FLOO&S. 

21 68. In the laying of floors, the first care to be taken is that they be perfectly level, 
which, owing to the nature of the materials whereof they are constructed. Is a difficult task. 
The chief sorts of floors may be divided into those which are folded, that is, when the boards 
are laid in divisions, whose side vertical joints are not continuous, but in bays of three, four, 
five, or more boards in a bay or fold ; and those which are straight joint, in which the side 
joints of the boards are continuous throughout their direction. 

As soon as the windows are fixed, the floors of a building may be laid. The boards 
are to be placed on their best face, and put to season till the sap is quite exhausted, when 
they may be planed smooth, and their edges shot and squared. The opposite edges are 
brought to a breadth by drawing a line on the face parallel to the other edge with a 
flooring guage, after which the common guage is used to bring them to a thickness, and 
they are rebated down on the back to the lines drawn by the guage. 

2169. The next operation is, to try the joints, which, if not level, must be brought so, 
either hy furring up if they be hollow, or by adzing down if they are convex, the former 
being more generally the case. 

2170. The boards used for flooring are battens, or deals of greater breadth, whose quali- 
ties are of three sorts. The best is that free from knots, shakes, sapwood, or cross-grained 
stuflT, selected so as to match well with one another. The second best is free of shakes and 
sapwood, and in it only small sound knots are permitted. The third, or most common 
sort, are such as are left after taking away the best and second best. 

2171. The joints of flooring-boards are cither quite square, ploughed and tongued, re- 
bated, or dowelled ; and in fixing them they are nailed on one or both edges, when the 
joints are plain and square without dowels. When they are dowelled, they may be 
nailed on one or both sides ; but in the best dowelled work the outer edge only is nailed, 
by driving the brad through the edge of the beard obliquely, without piercing its surface, 
which, when the work is cleaned off, appears without blemish. 

2172. In laying the floor-boards, they are sometimes laid one after the other, or one is 
first laid, then the fourth, at an interval of something less than the united breadth of the 
second and third together. The two intermediate boards are then laid in their places with 
one edge on the edge of the first board and the other upon that of the fourth board, the 
two middle edges resting against each other, rising to a ridge at the joint. In order to 
force these boards into their places, two or three workmen jump upon the ridge till they 
have brought the under sides of the boards close to the joints ; they are then fixed in their 
places with brads. This method is that first mentioned under this head, and in it the 
boards are said to be folded. We have here mentioned only two boards, but four boards 
are most commonly folded at a time, and the mode is always resorted to when a suspicion 
exists that the boards are not sufficiently seasoned, or they are known not to be so. The 
headings of these folds are either square, splayed, or ploughed and tongued. If a heading 
occurs in the length of the floor, it should be invariably made to fall over a joist, and one 
beading should not meet another. 

2173. In dowelled floors the dowels should be placed over the middle of the inteijoint 
rather than over the joists, so that the edge of one board may be prevented from passing that 
of the other. WTien the boards are only bradded upon one edge, the brads are concealed 
by driving them in a slanting direction through the outer edge of every successive board, 
with piercing the upper surface. In adzing the under sides of floor-boards opposite each 
joist, great care should be taken to clip away the stuff straight, and also to avoid taking 
away more of the stuff than is necessary, in which case the soundness of the floor will not 
be compromised. 

FRAMING. 

2174. Injig. 781. are shown several methods for filming angles in dadoes, skirtings, 
troughs, and other objects, whereof A exhibits the method of mitring dado on exterior 
angles in an apartment. In fixing this together, brads may be driven from each side. B 
is a method of framing used for troughs or other rectangular wooden vessels. C is a 
method of putting dado or skirting together at any interior angle of a room. This mode 
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is also employed for water-trunks, or troughs. In D is 
shown the manner of firing and finishing two pieces of 
framing together, with a bead at their meeting, by which 
the joint is concealed. It is used only in common finish- 
ings. In those of a better sort the angle is kept entire, 
and only a three-eighth bead used at the joint, the angle 
being kept entire. It is a great point in all joiner’s work 
to preserve the sharpness of the angles of the work, and 
many prefer the method shown in F, without any bead at 
the joint. In this the joint is made as close as possible, 
and is well glued together. If additional strength be re- 
quired, blockings may be glued in the interior angle, 
which win make it quite firm. The method, by a simple 
mitre at E is not so good as at A, because it has no abut- 
ment. 

2175. When it is required to glue up large work, those 
edges which, are to receive the glue should be well warmed 
at a fire, and then, while warm, and the glue as hot as 
possible, they should be united, inasmuch as glue never 
holds well when it is chilled or cold. 
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2176. Stairs and their handrails are among the most important objects of the joiner's 
skill. The choice of situation, the design, and what suits the general convenience of the 
building, sufficiency of light, and easy ascent, arc indeed matters for the exercise of the 
architect’s talent ; but all these, however well contrived and arranged, are incomplete with- 
out a clear and accurate execution of the work. 

2177. There are some leading principles which are common to all staircases, of whatsoever 
materials they may be constructed. Tims it is a maxim that a broad step .should be of 
less height than one which is narrower ; and the reason is sufficiently obvious, because in 
striding, what a man loses in breadth he can more easily apply in raising himself by his 
feet. Now, as in common practice it is found that the convenient rise of a step 12 inches in 
width is 5‘ inches, it may be assumed as some guide for the regulation of other dimensions. 
Thus 12 X 5^ = 66, which would be a constant numerator for the jiroportion. Suppose, for 
instance, a step 10 inches in breadth, then fS=6| inches would be the height ; and this agrees 
very nearly with the common practice. The breadth of steps in the commonest staircase 
may be taken at 10 inches at a medium. In the best staircases the breadth of the step should 
not be less than 1 2 inches, neither should it be more than 1 8 inches. ( See 281 4.) 

2178. Having adjusted the proportions of the steps, our next consideration is to ascer- 
tain the number of risers which will be necessary to carry us from one floor to another. 
Suppose, for example, the height from the top of one floor to that of the next be 15 ft. 
= 180 in. ; here, if the steps are each of C inches rise, we have lj2 = 30, which is the number 
of risers necessary to ascend from floor to floor. If the height divided by tire rise of each step 
should not "ive an exact number of risers, it is better to add one rather than diminish the 
number. Thus, suppose the distance from floor to floor to be 1,8 ft. 2 in. = 158 in., then 
m — 22*. Here it would be better to take 23 risers, for the steps must be equal in height. 
^ 2179 ! The width of the better sorts of staircases should not be less than 4 feet, to allow of 
two persons freely passing each other ; but the want of space in town houses often obliges 
the architect to submit to less in what is called the poi/iy of the stair. 

2180. The parts of every step in a staircase are one parallel to the horizon, which is 
called the tread of the step, terminated on the edge by a moulded or rounded nosing, and 
the other perpendicular to the horizon, which is called the riser of the step. 

ni81. It is not our intention to detail more than will be necessary for comprehending 
the work of the joiner in its application to stairs, which have many varieties of structure, 
dependent on the character, situation, and destination of the building. To this end we 
shall now, therefore, describe the method of carrying up dog-legged, bracket, and geometrical 


"^2^82 A Dog-legged Staikcase is one which has no opening or v ell-hole, and in which 
the rail and balusters of the progressive and returning flights fall in the same vertical 
lanes The steps in it are fixed to strings, newel, and carriages, the ends of the steps of 
the inferior kind terminating only upon the side of the string vyithout any housing. Y and 
7 ■ 1 5 78” are the plan and elevation of a staircase of this kind ; AB is the lower newel 

wherraf the part BC is turned. On the plan, a is the seat of this newel. DE and FG in 
Y are the lower and upper string boards framed into newels, KL is a joist framed into the 
t ■ mer I The lines on the plan represent the feces of the steps in the elevation without 
thTnosings. MO and FQ are called the upper and lower ramps, the method of drawing 
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which is as follows : -»• In the upper ramp, for ex- 
ample, produce the top of the rail HM to P; draw 
MN vertical, and produce the straight part ON of 
the pitch of the rail to meet it in N, making NO 
equal to NM. Draw OP at a right angle to ON. 

From P, as a centre, describe the arc MO, and then 
the other contrary curve, which will complete the 
ramp required. The storp rod RS is in the tixing of 
all staircases a necessary instrument ; for in fixing 
the steps and other work by a common measuring 
rule, bit by bit, the chances are that an excess or 
defect will occur, to make the staircase faulty ; 
which cannot be the case if the story rod is applied 
to every riser, and such riser be regulated thereby. 

2183. A Bracket Staircase is one which has 
an opening or well, with strings and newels, and is 
supported by landings and carriages. The brackets 
are mitred to the end of each riser, and fixed to 
the string board, which is usually moulded like an 
architrave. In this sort of staircase the same me- 
thods are to be observed in respect of dimensions 
and laying off the plan and section as in a dog- 
legged staircase. Nothing is to be done without 
the story rod just described, which must be con- 
stantly applied in making and setting up the stairs. 

The method of forming the ramps and knees has 
been touched upon in the preceding article, and the 
few particulars we intend to give respecting scrolls 
and handrailing will be reserved for a subsequent 
page. In bracket stairs the internal angle of the 
steps is open to the end, and not closed by the string, as in common dog-legged stairs ; 
the neatness also of the workmanship is as much attended to as in geometrical stairs. 
The balusters should be nicely dovetailed into the ends of the steps by twos, and the 
face of each front baluster is to be in a plane with tlie front face of the riser, and all the 
balusters being equally divided, the face of the middle one must of course stand in the 
middle of the face of the riser of the preceding step. The treads and risers are previously 
all glued up and blocked together, and when put in their places the under side of the 
step is nailed or screwed into the under edge of the riser, and then rough bracketed to the 
strings, as in a dog-legged staircase, in which the pitching pieces and rough strings are 
similar. 

2184. A Geometrical Staircase is one whose opening is down its centre, or, as it 
is called, an open newel, in which each step is supported by one end being fixed in the wall 
or partition, the other end of every step in the ascent having an auxiliary support from 
that immediately below it, beginning from the lowest one, which, of course, rests on the floor. 
The steps of a geometrical staircase should, when fixed, have a light and clean appearance, 
and, for strength’s sake, the treads and risers, when placed in position, should not be less 
than 1 J inch thick, supposing the going of the stair or length of the step to be 4 feet. For 
every 6 inches in length of the step an eighth of an inch should be added. The risers 
should be dovetailed into the cover, and in putting up the steps, the treads are screwed up 
from below to the under edges of the risers. The holes for sinking the heads of the screws 
ought to be bored with a centre bit and fitted closely in with wood well matched so that 
the screws may be entirely concealed, and appear as a uniform surface without blemish. 
Brackets are mitred to the risers, and the nosings are continued round ; but this practice 
induces an apparent defect, from the brackets, instead of giving support, being them- 
selves unsupported, and actually depending on the steps, being" indeed of no other use 
than merely tying together the risers and treads of the internal angles of the steps ; and 
fi-om the internal angles being hollow, except at the ends, which terminate by the widl at 
one extremity, and by the bracket at the other, there is an appearance of incomplete finish. 
The cavetto or hollow is carried all round the front of the slip, returned at the end, and 
again at the end of the bracket, thence along the inside of it, and then along the internal 
angle at the back of the riser. 

2185. The ancient mode, however, was the best, in which the wooden was an imitation 

of the method of constructing geometrical stairs in stone, which will be found under 
Masonry, in the previous Section III.; that U to say, the making of the steps themselves solid, 
and m section of the form of a bracket throughout their length. This is a more expen- 
sive method, but it is a solid and good one, and is still practised on the Continent espe- 
cially in France. ' ’ ^ 
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2186. In^^. 783. X is the plan and Y the elevation, or rather section, of a geometrical 
staircase. AB in X is what is called the cur-tail step (curved like the t^ of a cur dog), 
which must be the first step fixed, CCC are ' ^ 

the flyers supported from below by rough 
carriages, and partly from the string board 
OHEF in Y. The ends next the wall are 
sometimes housed into a notch board, and the 
steps then are made of thick wood and no 
carriages used. GGG are vsinders fixed to 
bearers and pitching pieces, when carriages 
are used to support the flyers. The winders 
are sometimes made of strong stuff firmly 
wedged into the wall, 
the steps screwed to- 
gether, and the other 
ends of the steps fixed 
to the string DEHF. 

In all cases of wooden 
geometrical stairs their 
strength may be greatly 
augmented by a flat bar 
of wrought iron coin- 
ciding with the under 
. side and screwed to the 
’ string immediately be- 
’ low the steps. HIK 
> in Y is the wall line of 

the sofite of the winding part of the stairs, and LIMN part of the 
rail supported by two balusters upon every step. Where the space 
of the going of the stairs is confined, the French have long since 
introduced, as in 784., the practice of placing the balusters outside the steps, which 
affords more room for persons ascending and descending. 




Ftg.7S5. 


Fig. 7S4. 


HANDRAILS AND CUR-TAIL STEP. 

2187. The upper part of the fence formed by capping the balusters of stairs is called the 
handraiU whose use, as its name imports, is for a support to the hand in the ascent and 
descent of stairs. Tlie hand, for support to the body, should glide easily over it without 
any strain, whence it is evident, that to be properly formed, it must necessarily follow the 
o-eneral line of the steps, and be quite smooth and free from inequalities. It must be ob- 
vious to the reader who has thus far followed us throughout the different previous portions 
of our labours, that the chief principle of handrailing will be dependent on the methods of 
finding sections of cylinders, cylindroids, or prisms, according to three given points in 
or out of the surface, or, in other words, the section made by a plane through'three given 
points in space. ITie cylinder, cylindroid, and prism are hollow, and of the same thick- 
ness as the breadth of the rail, or the horizontal dimension of its section ; and their bases, 
their planes or projections on the floor. Thus is formed the handrail of a staircase of a por- 
tion of a cyJinder, cylindroid, or prism whose base is the plane of the stair, for over this the 
handrail must stand, and is therefore contained between the vertical surface of the cylinder, 
cylindroid, or prism. As the handrail is prepared in portions each whereof stands over a qua- 
drant of the circle, ellipse, or prism of the base which forms the plane, such a portion may be 
supposed to be contained between two parallel planes, so that the portion of the handrail may 
be thus supposed to be contained between the cylindrical, cylindroidal, or prismatic surfaces 
and the two parallel planes. The parts to be joined together for forming the rail must 
be so prepared that in their place all the sections made by a vertical plane passing through 
the ima»yinary solid may be rectangular : this is denominated squarmg the rail, and is 
all that can be done by geometrical rules. But handrails not being usually made of 
these portions of hollow cylinders or cylindroids, but of plank or thicknesses of wood, our 
attention is naturally drawn to the consideration of the mode in which portions of them 
may be formed from planks of sufficient thickness. The faces of the planks being planes, 
they may be supposed to be contained between two parallel planes, that is, the two faces 
of the plank. Such figures, therefore, are to be drawn on the sides of the plank as to leave 
the surfaces formed between the opposite figures, portions of the cylindrical, cylindroidal, 
or other surfaces required, when the superfluous parts are cut away. A mould made in the 
fiffiires. which is no more than a section of them, is called the/«c« mnnJd. 

, . ■ ■ . '■.■ .ne surface Touna the edge of such mould. The 

pp 


be next formed ; and 
surfaces, generally to »- 
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imperfluotts wood is then cut away from top to bottom, so that if the piece were set in its place, and a straight 

.ii«i *■« *»,« jq jji© axis of the well-hole, it 

• . 'for forming the top and bottom 

0 ' • )ulds it is necessary to lay down 

1 . nd- 

•ip' '■ . • . 


* ■ ■ I . . ^ • I . I . . : . . I ■ ^ 4 . i- .rt, 

A and 6 of the 6gure, are sections of the rail and mitre cap of a dog-legged staircase. 
Vertical lines are let fall from the section of the rail A, to the mitre in B ; from thence, 
in arcs of circles, to the straight line passing through the centre of the cap at right 
angles to the former straight lines ; then perpendiculars are set off and made equal in 


length to those in A. 
A curve being traced 
through the points 
gives the form of the 
cap. C is called a toa^s 
hack rail, and is used 
for a superior descrip- 
tion of staircases. 

2190, Fig.7S6. shows 
the method of drawing 
the scroll for terminat- 
ing the handrail at the 
bottom of a geometrical 
staircase. Let AB be 
the given breadth ; 
draw AE perpendicu- 
lar to AB, which divide 
into eleven equal parts, 
and make AE equal to 
one of them. Join B E, 
bisect A B in C and B E 
in F. Make CD equal 
to CF and draw DG 
perpendicular to AB. 
From F, with tlie radius 




FE or FB, describe an F»f. 785 . 


Fic rsB 


arc cutting DGat G. Draw GH perpendicular to riKcnftii tr B R -t (). Drawthe diagonaU 
UOK and lOL perpendicular to OOK. Draw IK parallel to BA; KL parallel to 11), 
and so on to meet the diagonals. From D as a centre, with the distance DB, de.scribe the 
arc BG. From I as a centre, with the distance IG, describe the arc GE. From K as a 
centre, with the distance KE, describe the arc EH. From L as a centre, with the distance 
LH, describe the arc HP. Proceed in the same manner and complete the remaining 
three quarters, which will finish the outside of the scroll. Make BR equal to the breadth 
of the rail ; namely, about two inches and a quarter. Then with the centre D and distance 
DR describe the arc RS, with the centre 1 and distance IS describe the arc ST, and 
with the centre T and distance KT describe the arc TU, and the scroll will be completed. 



the cur-tail step, or that which lies under the 

pl^Vtt^:?el ^^th;^“‘ e^^/, thenosmg of the cover or horizontal 

part ot the step , lU the face of the string board, and mno the projection of the nosing. 
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2192. In Jig. 788. is shown the cover board for the cur«tail step, etbed and efgh in dotted 
lines represent the plan of the scroll ; opqn, the nosing of the curtml step ; t, u, r, s, the 
nosings and ends of the risers. The circle 1 , 2, 3, &c. is described from the centre of the 
scroll, and divided into equal parts equal to the distances of the balusters from centre to 
centre, and lines are drawn to the centre of the scroll in order to ascertain the middle of 
the balusters, by giving a regular gradation to the spaces. The whole of the spiral lines 
in this and the previous figure are drawn from the same centres as the scroll. 


FORMATION OF BODIES BY JOINING THEM WITH GLUE. 

2193. The way in which bodies are glued up together for diderent purposes will be 
given below, and with them will close this section. 

2194. Fig. 789. shows at A a section of two boards glued up edge to edge. At B the 
face of the same is seen. C shows the section of two boards glued edge to edge, each 
piece being grooved, and a tongue inserted at their junction. By similar means a board may 
be increased to any width, be the pieces whereof it is composed ever so narrow. D shows 
two boards fixed at right angles, the edge of one being glued on the side of the other. A 
block for the purpose of strengthening the joint is fitted and glued to the interior side. 
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Fig. 789 Fig. 790. 

2195. Fig. 790. A is a section of two boards to be joined at an oblique angle. They 
are mitred and glued together with a block at the angle. B shows the inner sides of 
the boards so fixed. It is by repeating this operation that columns are glued up. 

2196. Fig. 791. A is the section of an architrave. The moulding is usually, if not 

always, glued to the board ; the vertical line therefore, showing the extreme boundary of 
the moulded part, b the sec- ^ b c d 

tion of the piece to be glued, 

B is the face of the archi- 
trave, C and D a section 
and front of it before it is 
moulded, E a section of it 
with the button and nail to 
show the way in which the 
two parts are glued together, 
and F shows the back of the 
architrave with the buttons 
which are used for the pur- 
pose of bringing the two sur- 






im 


1 





F.f. 791. 


faces to be glued together in contact, till after they are set and fully held together, being 
knocked off when the glne has become liard, and then the moulding shown at A and B is 
stuck. 

2197. Fig. 792. ex- 
hibits the method of 
gluing up a solid niche 
in wood where A is 
the elevation. The 
work is performed in 
the same way as if it 
were stone or brick, 
except that the joints 
are ^1 parallel to the 
plane of the -base, be- 
cause of the difficulty 
of making a joint with 
curved surfaces, which 
would necessarily be 
the case if they all 
tended to the centre of 
the sphere. B and C 
are the two bottom ^i. i » 

courses, where the vertical joints are made to break, as seen in the elevation A. 

2198 In fig 793 b exhibited the mode in which veneers are glued together for the 
purpose of fon^g cylindrical surfaces. Brackets with their faces upwards are nailed to 
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a board. Tbeir en<k are perpendicular, and a cavity is left between them sufficient to 
receive the veneers and wedges. In A the thin part in the form of an arc shows the 
veneers as in the state of glueing, the wedges being on the convex side. . B is a section of the 
board and bracket. The work when putting together should be dry and warm, and the 
glue should be hot. When this last has set hard, the wedges must be slackened, and the 
veneers, which now form a solid, taken out. 

2199. Fig. 794. is a strong method of forming a concave surffice hy laying the veneer 
upon a cylinder, and backing it with blocks in the form of bricks, which are glued to the 
convex side of the veneers and to each other. The fibres of the blocks are to be as nearly 
as possible parallel to the fibres of the veneers. A is the section of the cylinder veneer 
and blocks, and B shows the convex side of the blocks. 

2200. Fig. 795. is another mode of glueing veneers together with cross pieces screwed 
to a cylinder, the veneers being placed between the former and the latter. 



Fig. 795. Fig. 796. Pig. 797. 


2201. \nfig. 796. is shown the method of glueing up columns in pieces, which here are 
eight in number, each being glued to the other after the manner of Jig. 790. The work- 
man should be careftil to keep the joints out of the flutes, when the columns are to be 
fluted, by which the substance will be more likely to prevent the joints giving way. A is 
a section of the column at top, and B at the bottom. After glueing together, the octagons 
and mitres should be correctly laid down for the true formation of the joints. In B are 


shown two bevels, one 

together. : / 

2202. Fig. 797. is j ‘ HBP 
the mode of glueing up i ! ’■ j; 

the base of a column. 1 ’ b * ■ ' ' I *i 

It is formed in three [ M I ’ ^ 5 ' li 

courses, the pieces in • ■ j. j i j j l ii 

each of which are made j j / 'j A ! ; j -i ||5 | •) 

to break joint over ! Vy I i !; 

one another. The ; ^ \ \yy\ }\ \\/\^ ;; 

horizontal joints of the \SC ' [4 j J/fj 

courses must be so < \. '/'v / 

adjusted as to fall at ^ 

the junction of two 
mouldings, forming a 

re-entering angle. Afi«r the glue is set quite hard, 
the rough base is sent to the turner, by whom it is 
reduced into the required profile. The fibres of the 
wood should he horizontally, in which direction the work 
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will stand much better than when they are vertical. A is the plan of the base inverted, 
and B is the elevation. 

2203. The formation of a modem Ionic capital is given in fig. 798., wherein A is the 
plan inverted, showing the method of placing the blocks ; and B is the elevation. 

2204. Fig. 799. is the method of glueing up for the leaves of the Corinthian capital, A is 
the plan inverted, and B is the elevation. The abacus is glued up in the same manner 
as in the preceding example. 



2205. Fig. 800. exhibits the mode of forming a cylindrical surface without veneers, by 
means of equidistant parallel grooves, A is the elevation, and B the plan. 

2206. Fig. 801. exhibits the method of covering a conic body. It is in fact, no more 
than covering the frustum of a cone, and is accomplished by two concentric arcs terminated 
at the ends by the radii. The radius of the one arc 
is the whole slant side of the cone, that of the other 
is the slant side of the part cut off. In this case, 
the grooves are directed to the centre, and filled in 
with slips of wood glued as before. The plan is 
shown by the circle ABC. The arc HI must be 
equal to the circumference ABC. 

2207. Fig. 802. shows the same thing for a 
smaller segment. 

2208. Fig. 803. shows the manner of glueing up 
a globe or sphere by the same method, A is the 
face of the piece ; B the edge showing the depth 
of the grooves; C shows the mould for forming 
the piece to the true curvature ; and D the faces 
of two pieces put together. 



'Sect. VI. 

SLATING. 

2*209. An account of the materials used by the slater have been detailed in Chap 1 1. 
Sect. IX., and will not leave us much to say on their application. 

2210. The tools used by this artificer are the scantle, which is a gauge by which slates 
are regulated to their proper length; the/roit-f/; i\\Q hammer ; the za.r, an instrument 
for cutting the slates ; a small handpick, and a hod and i^oard for mortar. 

221 1. Slating is laid in inclined courses, beginning from the eaves and working upwards, 
the courses nearest the ridge of the roof being less in width than those below. The lap of 
one slate over another is called its hand, and it is the distance between the nail of the under 
slate and the lower end of the upper slate. The bed of a slate is its under side, and the 
upper side is called its hack. 1116 part of each course which is exposed to the weather 
is called its margin. The slates are nailed to close or open boarding lying on the back of 
the rafters with nails, which should be of copper or zinc. If iron nails are used they should 
be well painted. The operation of cutting or paring the side and bottom edges of the 
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sUites is called trimming them; but the head of the slate is never cut. In that part 
holes are pierced through the slates by which the nails pass to the boarding. The ope- 
radons of the slater are of so simple a nature, that we do not further think it necessary to 
detain die reader on this section, which, with that of Sect. IX. Chap. II. in this Book, 
affords all the informadon that can be required. 


S^CT. VII. 

PLDMBERT. 

2212. The plumber has but few working tools, for the facility with which the metal in 
which he works is wrought does not render a variety necessary. The principal are — a heavy 
iron hammer y with a short but thick handle. Two or three different sized wooden mallets, 
and a dressing and jiatiing tool, which is made of beech wood, usually about 18 inches long 
and 2^ inches square, planed smooth on one side, and rounded on the other or upper side. 
It is tapered and rounded at one of its ends for convenient grasping by the workman. Its 
use is to stretch and flatten the sheet lead, and dress it into the shape required for the 
various purposes whereto it is to be applied, by the use of its flat and round sides as 
wanted. The jack and trying planes, similar to those used by carpenters, for planing 
straight the edges of their sheet lead when a regular and correct line is requisite. They 
also use a line and roller called a chalk line, for lining out the lead into different widths. 
Their cutting tools are chisels and gouges, of different sizes, and cutting knives. The latter 
are for cutting the sheet lead into strips and pieces to the division marked by the chalk 
line. They use also Jiles of different sizes for making cistern heads to pipes, for pumpwork, 
dec. For the purpose of soldering, they have a variety of different sized grazing irons, 
which are commonly about 12 inches long, tapered at both ends, the han^e end being 
turned quite round to allow of its being held firmly in the hand whilst in use. The 
opposite end is spherical, or more usually spindle-shaped, and proportioned to the different 
situations for which they are required. The grozing iron is heated to redness when in use. 
The iron ladles are of three or four sizes, and used for the purpose of melting lead or solder. 
The plumber's measuring rule is 2 feet long, in three parts, each of 8 inches. Two of the 
legs are of box-wood, and the third of steel, which is attached to one of the box legs by a 
pivot whereon it turns, and shuts into the other legs in a groove. The steel leg is useful 
for passing into places which the plumber has to examine, into which anything thicker 
would not easily enter, and it is often used also for removing oxide or other extraneous 
matter from the surface of the heated metal. The plumber moreover is provided with 
centre bits of all sizes, and a stock to work them in, for perforating lead or wood where pipes 
are to be inserted, as well as with compasses, for striking out circular portions of lead. 
Scales and weights are also in constant requisition, as nothing done by the plumber is 
chargeable till the lead is weighed. 

2213. The method most commonly adopted in laying sheet lead for terraces or flats, is 
to place it on a surface as even as possible, either of boarding or plastering. If boards are 
employed, they should be sufficiently thick to prevent warping or twisting, which, if it 
occur soon, causes the lead to crack or to become unsightly. As sheets of lead are not more 
than about 6 feet in width, when the area to be covered with them is large, joints become 
nec^sary, which are contrived in various ways to prevent the wet from penetrating. To 
do this, the best method is that of forming rolls, which are pieces of wo^ about^ inches 
square extending in the direction of the joint, planed and rounded on their upper side. 
These being fastened under the joints of the lead between the edges of the two sheets 
which meet together, one is dressed up over the roll on the inside, and the other over both 
of them on the outside, whereby all entry of the water is prevented. No fastening is re- 
quired other than the adherence of the lead by close hammering together and down on the 
flat : indeed, any fastening would be injurious, as by it the lead would not have free play 
in its expansion and contraction from heat and cold. If rolls are not employed, which 
from their projection are in some cases found inconvenient, seam are substituted for them • 
but they are by no means equal to the roll either for neatness or security. They are 
formed by merely bending up the two edges of the lead, and then over one another, and 
then dressing them down close to the flat thoughout their length. Though some solder 
the joints, it is a bad practice, and no good plumber will do it, for the same reason as that 
just given in respect of ffistenings in fiats. A leaden flat, as well as a gutter, should be laid 
with a fell to keep it dry. A quarter of an inch in a foot is sufficient inclination for lead, 
if the sheets be 20 feet long, so that in this case they will be 5 inches at one end higher 
than at the other. This giving a current, as it is called, is usually provided for by the car- 
penter previous to laying the lead. 

2214. Round the extreme edges of flats and gutters where lead is used, are fixed pieces 
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of milled lead which are called flashings. When the lead work is bounded by a wall of 
brick or stone work, the flashings are passed on one edge into and between a joint of the 
work, and the edges of the flat or gutter being bent up, the other edge of the flashing is 
dressed over it. If there be no joint into which the flashing can be inserted, it is fastened 
on that side with wall hooks. Drips in flats and gutters are used when the length of the 
gutter or flat is greater than the length of the sheet of lead, or sometimes for convenience, 
or to avoid joining lead by soldering it. They are formed by raising one part above 
another, and dressing the lead round, as has been described for rolls. 

2215. The pipes used for the purposes of building are proportioned to their uses. Those, 
for instance, for carrying away the soil from a w'ater closet, or the conveyance of water from 
roofs and sinks, are of course of larger diameter than those called service pipes, which are 
merely, as their name implies, for laying on water. 

Table of the Weight of Leaden Pipes. 

Pipes of ^inch bore weigh per yard 10 lbs. 


Pipes of 1 -inch bore — 12 lbs. 

Pipes of 1^-inch bore — 16 lbs. 

Pipes of li-inch bore — 18 lbs. 

Pipes of 1 ^-inch bore — 21 lbs. 

Pipes of 2-inch bore — 24 lbs. 


2216. The work of the plumber is estimated by its weight and the time employed in 
fixing it. The weights and thicknesses of different sizes of sheet lead have been already 
given in Chap. II. ^ct. VI. of this Book. 

2217. I'he lead generally used in roofing and guttering is from 7 to 12 lbs. to the su- 
perficial foot, and great vigilance on the part of the arciiitect is required, in tliese days of 
contracts, to see that his employer has the thickness, or, which is the same thing, the weight 
that has been contracted for. 

2218. We do not think it necessary to describe at length the machinery of a water 
closet. Every one knows that the principle on which it is formed is that of a head of 
water in a cistern placed above it, which by means of a lever attached to a valve in the 
cistern allows a body of water to rush down and wash the basin, whose valve is opened for 
the discharge of the soil at the same moment that the water is let down from the cistern. 
Various instruments for this purpose have been contrived and patented, hut we are not 
aware of any better than those which were made by the late Mr. Bramah, almost as soon 
as the subject formed a matter of inquiry. The reader will obtain by the inspection of 
one a far better notion than words or diagrams will convey. 

2219. As it is a branch of the plumber’s trade to find and fix the pumps for the supply 
of water to a dwelling, we think it right to furnish a description of the three sorts com- 
monly used, which are the lifting, the common, and the force pump. 

2220. Fig. S04. is a diagram of a lifting pump, in which ABCD is a short cylinder 
submerged in the well or other reservoir, whence the water is to be raised. In this 
cylinder a valve is placed at .r, above which the pipe or tube CE 
is carried upwards as high as is requisite for the delivery of the 
water. In the cylinder AD a water-tight piston moves verticaliv, 
being worked by rod or framework as seen in the diagram. To 
this piston is fixed a valve at v opening upwards. On the descent 
of the plrton the pressure against the winter opens the valve v. and yv 
the cylinder between the two valves is filled with the water. Vhen 1 
the piston is then raised, the water between the valves being 
pressed upwards against the valve x, opens it, and is driven into 
the tube CE, from which, on the renewed descent of the piston, its 
return is intercepted by the valve x. Hie water follows the piston in 
its ascent by the hydrostatic pressure of the water in the reser\olr 
outside the cylinder ; and on the next descent of the piston the 
water will again pass through the valve v, and will be driven 
through the valve x on its next ascent. It is manifest from in- 
spection that the valve x relieves the valve v from the messure of 
the column of water in the tube CE during the desalt of the 
piston ; for if the valve r were subject to that pressure during 
the descent of the piston, it could not be opened by the pressure 
of the water in the well, inasmuch as its level is necessarily below 

the level of the water in the pipe CE. The valve r prevents the ! 

return of the water through the piston during its ascent. In Fij.'. sm. 

raising the piston a force is required sufficient to support the ent re column of water from 
the valve r to the surface of the water in the tube CE. To cMimate this, we must take 
the weight of a column of water whose base is etjual to the area of a section of the piston. 
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and whose height is equal to that of the surface of the water above the valve v in the tube 
CE. Hence, after each stroke of the pump, the pressure on the piston and the force 
necessary to raise it, will be increased by the weight of a column of water whose base is 
the horizontal section of the piston, and its height equal to the increase which the elevation 
of the column in CE receives from the water driven through the valve x. In the figure 
cd is the piston, the bottom of whose rod is at 5 ; m and n are rods which connect it with 
the upper part of the work, and WW is the level of the water in the well. 

2221. The common, or as it is usually called, suction pump 
(shown in Jig, 805. ), is nothing more than a large syringe con- 
nected with a tube whose lower extremity is plunged in the well 
from which the water is to be raised. The tube is called a suction 
pipe (SO), and its end in the well is represented by O, which, for 
the purpose of preventing the ascent of solid impurities, that 
might choke the pipe and Impede its action, is pierced with holes 
like a strainer. At the upper end of this suction pipe is placed the 
valve X opening upwards. At this place the tube is connected with 
another, BC, which acts as a great syringe, and in which works a 
piston having a valve at v, also opening upwards. The piston is 
worked alternately upwards and downwards in common pumps by 
a lever called the hrahe, but it may be worked in many ways. In 
the figure, W is the level of the water, CD the JiangCy where the 
lower valve is fixed, cd the piston, ab the piston rod, and MN the 
cistern into which the water is raised and delivered by its gravity 
at the nozzle of the pump e. At the commencement of the opera- 
tion the water in the suction tube stands at the same height as the 
water in the well, being equally subject to the atmospheric pres- 
sure; but as soon as the syringe BC exhausts the air by the 
upward and downward action of the piston cd, the pressure of the 
air in SO being diminished and rendered less than that on the 
surface of the water in the well, will rise in SO by the atmospheric 
pressure; and as the air becomes more completely exhausted in 
the column of water in the tube SO below the valve x, so will its 
pressure on the surface of the column be diminished, and whilst 
that diminution goes on, the height of the column will increase. 

If the air could be entirely withdrawn from the tube SO, and a 
perfect vacuum created beneath the valve x, similar to that existing above the mercury in 
a barometer, then the atmospheric pressure, acting with undimini'hed effect on the surface 
of water in the well, would, in the tube SO, sustain a column of water equal to a column 
of mercury of the same base and of the same height as the mercury in the barometer. 
Now, the specific gravity of mercury being 13^ times greater than that of water, a force 
capable of sustaining a column of mercury 30 inches high, would sustain a column of 
water equal to 30 inches x 13J = 405 inches = 33fj feet. But an absolute vacuum is never 
formed, and, moreover, in this country, as the barometric column varies between 28 and 
31 inches in height, the valve x should on no account be more than 28 feet above the 
level of the water in the well, taking into consideration all the attendant circumstances. 



This is the construction and principle upon which the common 
household pump is formed, and in it no other aid is derived 
from atmospheric pressure than what we have already stated ; 
hence the pump requires as much force to work it as, in general 
terms, is equal to the weight of all the water in it at any time, 
the atmospheric pressure affording no aid to the workman. The 
cistern at the top is placed for the purpose of affording an un- 
intemiitted discharge of the water by holding more than the 
whole accumulation of water which is contrived to be greater 
than the spout or nozzle will discharge. 

2222. The forcing pump, whtMie construction is shown in 
Jig. 806., is a combination of the common suction and lifting 
pump. CEFD is a suction pipe descending into the well, and 
at its top is the valve V opening Ifpwards. The pump barrel 
ABCD is furnished with a solid piston cd, whose rod is ab, 
without any valve. From the side of the barrel, just above the 
suction valve, a pipe proceeds, communicating with an upright 
cylinder GH, carried to such height as the water is intended to 
be raised. At the bottom of this cylinder is placed the valve V' 



Fig. 806. 


opening upwards. At the commencement of working, the suction pipe CE and the 
chamber between the piston and valves are filled with air. When the piston descends 
to the valve V, the air enclosed in the latter chamber becomes condensed, and opening. 
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therefore, the valve V', a part of it escapes through it. On raising the piston the air below 
it becomes partially exhausted, and that in the suction pipe, opening the valve V, by its 
greater pressure, expands into the upper chamber. A part of this is expelled when the 
piston next descends, by means of the valve V'. This action is similar to that of an air 
pump or exhausting syringe. When by the repetition of this action the air is suf- 
ficiently exhausted, the atmospheric pressure upon the water in the well causes the water 
to rise therefrom through the suction pipe and the valve V, into the chamber between the 
piston and the valves. When the piston next descends it presses on the surface of the 
water, and the valve V closing prevents the return of the water into the suction pipe, 
while the pressure of the piston being transmitted by the water to the valve V', opens it, 
and as the piston descends, the water passes into the force pipe GH. On the next ascent 
of the piston more water is allowed to pass through the valve V, and the next descent 
forces this water through the valve V' into the force pipe. By repeating the action the 
quantity of water in the force pipe increases, receiving equal additions at each descent of 
the piston. It is obvious that the position of the force pipe is a matter of no moment ; it 
may be perpendicular, oblique, or horizontal ; for in each case the water will be propelled 
through it. When the piston is pressed downwards, and the valve V' is opened, it is neces- 
sary that the force working the piston should balance the weight of the column of water 
in the force pipe, for this weight is transmitted by the water between the piston and force 
pipe to the bottom of the piston ; the height, therefore, of the column of water in the force 
pipe will measure the intensity of the pressure against the base of the piston when the valve 
V' is open, A colurrm of water suspended 34 feet in height in the force pipe wdll press 
on the base of the piston with a force of about 15 pounds for each square inch ; and the 
pressure at other heights will be proportional to this. Thus the force necessary to urge 
the piston downwards may always be calculated. The valve V' is closed in drawing up 
the piston, and it then relieves the piston from the weight of the incumbent column. If 
the valve V is opened, the piston is subject to the same pressure as in the suction pump, 
and this has already been seen to be equal to the weight of a column of water raised above 
the level of the water in the well. From this it follows, that when the height of the force 
pipe is equal to the length of the suction pipe, the piston will be pressed upwards and 
downwards with equal forces ; but when the height of the force pipe is greater or less than 
the length of the suction pipe, the downward pressure must be greater or less, in the same 
proportion, than the force which draws the piston up. 

2223. 'fhe supply of water by the force pipe through the valve V' is evidently intermit- 
ting, being suspended during the ascent of the piston ; hence the flow from the point of dis- 
charge will be subject to the same intermission if means be not taken to counteract such 
effect. A cistern at the top of the force pipe, as already shown, for the suction pump, 
would answer the purpose ; but it is found more convenient to use an apparatus called an 
air vessel {sQQ Jig. 807.), in which immediately above the valve V' a short tube commu- 
nicates with a strong close vessel of sufficient capacity, through 
the top whereof the force pipe GH passes, and descends to near 
the bottom. AVheu the pump is in action the water is forced into 
the vessel MN, and when its surface, as at «•»*, rises above the 
mouth H of the force pipe, the air in the vessel MX is confined 
above the water ; and as the water is gradually forced in, the 
air, being compressed, acts with increased elastic force on the sur- 
face of the water. 'Phis pressure forces a column of water into 
the pije HG, and maintains it at an elevation proportional to the 
elastic force of the condensed air. \Mien the air in the vessel 
MX is reduced to half its original bulk it will act on the surface 
of the water ww with double the atmospheric pressure; meanwhile, 
the water in the force pipe being subject to merely once the 
atmospheric pressure, there is an unresisted force upwards equal 
to the atmospheric pressure which sustains the column of water 
in the tube, and a column 34 feet high will thus be sustained. If 
the air is reduced to one third of its original bulk, the height of the column sustained will 
be 68 feet, and so on. If the force pipe were made to terminate in a ball pierced with small 
holes so as to form Ajet deau, the elastic pressure of the air on the surface would cause the 
water to spout from the holes. 

2224. In the formation of all pumps the parts should be nicely fitted, and as air-tight as 
possible, otherwise, in using them, much of the power employed will be lost. All expe- 
dients which tend to this great desideratum are of value ; indeed any arrangement adapted 
to insure the peifect action of a pump is of the utmost importance for the comfort and con- 
venience of small no less than large dwellings. 
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Sect. VIII. 

GLAZING. 

S22S. Glazing, or the business of the glazier, consists in fitting glass in sashes, frames, 
anil casements, either in putty or lead. It may be classed under the heads of $askworh, 
Uftdwork, sod fretwork. Glass, as a material, h^ been already described in Chap. II. Sect. 
II. of this Book. 

2226. Tbe tools nece^ary for sash work are — & diamond, polished to a cutting point, and 
set in brass in an iron socket, to receive a wooden handle, by which it is held in a cutting 
direction. The top of the handle goes between the root of the forefinger and middle 
finger, and the under part between the point of the forefinger and thumb. In general, there 
is a notch on the side of the socket, which should be held nest the lath. Some diamonds 
have more cuts than one. Plough diamonds have a square nut on the end of the socket 
next the glass, which, on running the nut square on the side of the lath, keeps it in the 

•cutting direction. Glass benders have their plough diamonds without long handles, as 
they cannot make use of a lath in cutting, but direct them by the point of their middle 
finger. The ranging lath should be long enough to extend beyond the boundary of the 
table of glass. Ranging of glass is the cutting it in breadths, and is best done by one un- 
interrupted cut from one end to the other. A short lath is used for stripping the square to 
suit the rebate of the sash, as in ranging they are generally cut full. A square, for the more 
accurate cutting at the right angles from the range. The carpenter’s chisel is used in 
paring away some of the rebate of the sash when the glass does not lie so fiat as to allow 
a proper breadth fijr front putty. The glazing knife is used for laying in the putty on the 
mbates, for bedding in the glass, and finishing the front putty. A hradding hammer is made 
with a head in the form of a small parallelepiped, with a socket for the handle, using it at an 
obtuse angle from the middle of one of its sides. The square edges of the head drive the 
brads in a horizontal direction, and with this tool there is less liability to accident than 
with any other. Some use the basil of the chisel for the purpose. Brass points are con- 
sidered the best for bradding ; small cut brads are also used. All new work should be 
bradded, to prevent the glass being moved out of its bed. The duster is a large brush for 
brushing the putties, and taking the oil from the glass. The sash tool is used wet, for 
taking the oil from the inside after the back puttie are cleared ofif. The hacking knife is 
for cleaning out the old putty from the rebates where squares are to be stopped in. The use 
ofthep^z^’^ rule needs no explanation: it is 2 feet long, doubling in four different pieces. 

2227. Leadwork for lights is often used for inferior oflices, and frequently in country 
buildings. Frames made with crossbars receive these lights, which are fastened with leaden 
bars, called saddle bars. Where springs are wanted, a casement is introduced of wood or 
iron. Sometimes a sliding frame is used, particularly for church windows, 

2228. The tool called the glazier's vice is for preparing the leaden slips with grooves, &c., 
to fit them for the reception of glass. The German vices are esteemed the best, and turn 
out a variety of lead in different sizes. There are moulds belonging to these vices in which 
bars of lead are cast; in this form the mill receives them, and turns them out with two 
sides parallel to each other, and about g of an inch broad, and a partition connecting the 
two sides together, about J of an inch wide, forming on each side a groove near by | 
of an inch, and 6 feet long. The setting board is that on which the ridge of the light is 
worked, and divided into squares, and struck out with a chalk line, or drawn with a lath, 
which serve to guide the workman. One side and end is squared with a projecting bead 
or fillet. The latterkin is a piece of hard wood pointed, and so formed as to clear the 
groove of the lead, and widen it, for the more readily receiving the glass. The setting 
knife is a blade with a round end, loaded with lead at the bottom of the blade, and 
having a long square handle. The square end of the handle serves to force the squares 
home tight in the lead ; being loaded with lead, it is of greater weight, and also cuts off the 
ends of the lead with greater ease, as in the course of working these lights the lead is 
always longer than is necessary till trimmed. 

2229. The resin box contains powdered resin, which is put on all the joints previous to 
soldering. Clips are for holding the irons. All the intersections are soldered on both sides 
except the outside joints of the outer side, that is, where they come to the outer edge. 
These lights should be cemented, which is done by thin paint being run along the lead 
bars and the chasm filled with dry whiting. After it has stood a ^ort time a small 
quantity of dry red or white lead is dusted over it, which will enable it to resist the 
weather well. Fretwork is the ornamental part of lead-light work, and consists in working 
ground or stained glass into different patterns and devices, as may be seen in the old stained 
glass windows. 

2230. In London a large portion of the glazier’s business consists in cleaning windows. 

2231. The putty in which the glazier beds the glass is of four sorts. Soft putty, which 
is composed of flour, whiting, and raw linseed oil ; hard putty, composed of whiting and 
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boiled linseed oil ; harder putty, the same Ingredients as the last, with the addition of a 
small quantity of turpentine for more quickly drying it ; hardest putty, composed of oil, 
red or white lead, and sand. The first of these putties is the most durable, because it 
forms an oleaginous coat on the surface, but it requires a long time for drying. The hard 
sorts are apt to crack if not soon well painted, and the hardest of them renders it difficult 
to replace a pane when broken ; hence it is altogether unfit for hothouse and greenhouse 
work. 


Sect. IX. 

PLASTERING. 

2232. In the finishing of our dwellings, the decoration owes much of its effect to the 
labours of the plasterer : it is in his department to lay the ceilings, and to give, by means 
of plaster, a smooth coat to the walls, so as to hide the irregularities left by the bricklayer 
and mason, and make them sightly and agreeable. He also, in the better sort of buildings, 
furnishes plain and decorated mouldings for the cornices and ceilings; and in the external 
parts, where stone is expensive or not to be procured, covers the exterior walls with stucco 
or other composition imitative of stone. 

2233. 'Die plasterer’s tools are — a. spade ot shovel of the usual description ; a rake with two 
or three prongs bent downwards from the line of the handle, for mixing the hair and mortar 
together ; stopping and picking out tools; rules called straight edges ; wood models; and trowels 
of two sorts and various sizes ; namely, the laying and synoothing tool, consisting of a 
flat piece of hardened iron, about 10 inches long, and 2^ inches wide, very thin, and 
ground to a semicircular shape at one end, but square at the other. Near the square 
end on the back of the plate a small iron rod is riveted, with two legs, whereof one is fixed 
to the plate, and a round wooden handle is adapted to the other. All the first coats of 
plastering are laid on with this tool, as is also the last, or setting, as it is technically called. 
The other sorts of trowels are of three or more sizes, and are used for gunging the Jine stuff 
and plaster for cornices, mouldings, &c. The length of these trowels is, the largest about 
7 inches in length on the plate, and the smallest 2 or 3 inches : they are of polished 
steel, converging gradually to a point, with handles of mahogany adapted to the heel or broad 
end with a deep brass ferrule. 

2234. The stopping and picking out tools are of polished steel, of various sizes, about 7 
or 8 inches long and half an inch broad, flattened at both ends, and somewhat rounded. 

They are used for modelling and finishing mitres and returns to cornices, as also for fill- 
ing up and finishing ornaments at their joinings. There is also used a small instrument, 
which is a piece of thin fir 6 or 7 inches square, called a hawk, with a handle vertical to it, 
for holding small quantities of plaster, 

2235. The composition used by the plasterer is a groundwork of lime and hair, on 
which, for the finish, a coating of finer material is laid. The sorts of it are various ; as, 
for instance, white lime and hair mortar on bare walls : the same on laths as for partitions 
and plain ceilings ; for renewing the insides of walls, roughcasting on laths ; plastering on 
brickwork with finishing mortar, in imitation of stone work, and the like upon laths. For 
cornices and the decorations of mouldings, the material is plaster of Paris, one which faci- 
litates the giving by casts the required form and finish to the superior parts of his work. 
The plasterer uses it also for mixing with lime and hair, where the work is required to 
dry and set hard in a short time. For inside work, the lime and hair, or coarse stuff, is 
prepared, like common mortar, with sand ; but in the mixing, hair of the bullock, obtained 
from the tanners’ yards, is added to it, and worked in with the rake, so as to distribute it 
over the mass as equally as possible. 

2236. What is called fine stuff is made of pure lime, slaked with a small quantity of 
water, and afterwards, without the addition of any other material, saturated with water, 
and in a semi-fluid state placed in a tub to remain until the water has evaporated. In 
some cases, for better binding the work, a small quantity of hair is worked into the com- 
position. For interior work, the fine stuff is mixed with one part of very fine washed 
sand to three parts of fine stuff*, and is then used for trowelled or bastard stucco, which makes 
a proper surface for receiving painting. 

2237. What is called guage stuff is composed of fine stuff and plaster of Paris, in pro- 
portions according to the rapidity with which the work is wanted to be finished. About 
four-fifths of fine stuff* to one of the last is sufficient, if time can be allowed for the setting. 
This composition is chiefly used for cornices and mouldings, run with a wooden mould. 
Wc may here mention that it is of the utmost importance, in plasterers' work, that the 
lime should be most thoroughly slaked, or the consequence will be blisters thrown out 
upon the work after it is finished. Many plasterers keep their stuffs a considerable 
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period before they are wanted to be used in the building, by which the chance of blistering 
is much lessened. 

2238. When a wall is to be plastered, it is called rendering ; in other cases the first 
operation, as in ceilings, partitions, &c., is lathing, nailing the laths to the joists, quarters, 
or battens. If the laths are oaken, wrought iron nails must be used for nailing them, but 
cast iron nails may be employed if the laths are of fir. The lath is made in three and four 
foot lengths, and, according to its thickness, is called single, something less than a quar- 
ter of an inch thick, lath and half, or dotMe. The first is the thinnest and cheapest, the 
second is about one-third thicker than the single lath, and the double lath is twice the 
thickness. When the plasterer laths ceilings, both lengths of laths should be used, by which, 
in nailing, he will have the opportunity of breaking the joints, which will not only help in 
improving the general hey, (or plastering insinuated behind the lath, which spreads there 
beyond the distance that the laths are apart,) but will strengthen the ceiling generally. The 
thinnest laths may be used in partitions, because in a vertical position the strain of the 
plaster upon them is not so great ; but for ceiling the strongest laths should be employed. 
In lathing, the ends of the laths should not be lapped upon each other where they termi- 
nate upon a quarter or batten, which is often done to save a row of nails and the trouble 
of cutting them, for such a practice leav^ only a quarter of an inch for the thickness of 
the plaster ; and if the laths are very crooked, which is frequently the case, sufficient 
space will not be left to straighten the plaster. 

2239. After lathing, the next operation is laying, more commonly called plastering. It 
is the first coat on laths, when the plaster has two coats or set work, and is not scratched 
with the scratcher, but the surface is roughed by sweeping it with a broom. On brick- 
work it is also the first coat, and is called rendering. The mere laying or rendering is 
the most economical sort of plastering, and does for inferior rooms or cottages. 

2240. What is called pricking up is the first coat of three-coat work upon laths. The 
material used for it is coarse stuffi being only the preparation for a more perfect kind of 
work. After the coat is laid on, it is scored in diagonal directions with a scratcher (the 
end of a lath), to give it a key or tie for the coat that is to follow it. 

2241. Lath layed or plastered and set is only two-coat work, as mentioned under laying, 
the setting being the guage or mixture of putty and plaster, or, in common work, of fine 
stuff, with which, when very dry, a little sand is used ; and here it may be as well to men- 
tion, that setting may be either a second coat upon laying or rendering, or a third coat 
upon footing, which will be hereafter described. The term finishing is applied to the third 
coat when of stucco, but setting for paper. The setting is spread with the smoothing 
trowel, which the workman uses with his right hand, while in his left he uses a large 
flat-formed brush of hog’s bristles. As he lays on the putty or set with the trowel, he 
draws the brush, full of water, backwards and forwards over its surface, thus producing a 
tolerably fair face for the work. 

2242. Work which consists of three coats is called floated : it takes its name from an 
instrument called a float, which is an implement or rule moved in every direction on the 
plaster while it is soft, for giving a perfectly plane surface to the second coat of work. 
Floats are of three sorts : the hand float, which is a short rule, that a man by himself may 
use ; the quirk float, which is used on or in angles ; and the Derby, which is of such a 
length as to require two men to use it. Previous to floating, which is, in fact, the 
operation of ma king the surface of the work a perfect plane, such surface is subdivided 
in several bays, which are formed by vertical styles of plastering, (three, four, five, or even 
ten feet apart,) formed with great accuracy by means of the plumb rule, all in the same 
plane. These styles are called screeds, and being carefully set out to the coat that is applied 
between them, the plaster or floating laid on between them is brought to the proper sur- 
face by working the float up and down on the screeds, so as to bring the surface all to the 
same plane, which operation is termed filling out, and is applicable as well to ceilings as to 
walls. This branch of plastering requires the best sort of workmen, and great care in the 
execution. 

2243. Bastard stucco is of three coats, the first whereof is roughing in or rendering, the 
second is floating, as in trowelled stucco, which will be next described ; but the finishing 
coat contains a small quantity of hair behind the sand. This work is not hand-floated, and 
the trowelling is done with less labour than what is denominated trowelled stucco. 

2244. Trowelled stucco, which is the best sort of plastering for the reception of paint, is 
formed on a floated coat of work, and such floating should be as dry as possible before the 
stucco is applied. In the last process, the plasterer uses the hand float, which is made of a 
piece of h^f-inch deal, about nine inches long and three inches wide, planed smooth with 
its lower edges a little rounded off, and having a handle on the upper surface. The ground 
to be stuccoed being made as smooth as possible, the stucco is spread upon it to the extent 
of four or five feet square, and, moistening it continually with a brush as he proceeds, the 
workman trowels its surface with the float, alternately sprinkling and rubbing the face of 
the stucco, till the whole is reduced to a fine even si^ace. Thus, by small portions at a 
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time, he proceeds till the whole is completed. The water applied to it has the effect of 
hardening the face of the stucco, which, when finished, becomes as smooth as glass. 

2245. From what has been said, the reader will perceive that mere laying or plastering 
on laths, or rendering on walls, is the most common kind of work, and consists of one coat 
only ; that adding to this a setting coat, it is brought to a better surface, and is two-coat 
work ; and that three-coat work undergoes the intermediate process of floating, between 
the rendering or pricking up and the setting. 

2246. Ceilings are set in two different ways ; that is the best wherein the setting coat is 
composed of plaster and putty, commonly called guage. Common ceilings are formed 
with plaster without hair, as in the finishing coat for walls set for paper. 

2247. Pugging is plaster laid on boards, fitted in between the joists of a floor, to prevent 
the passage of sound between two stories, and is executed with coarse stuff. 

2248. The following materials are required for 1(X) yards of render set; viz. IJ hun- 
dred of lime, 1 double load of river sand, and 4 bushels of hair ; for the labour, 1 plas- 
terer 3 days, 1 labourer 3 days, 1 boy 3 days ; and upon this, 20 per cent, profit is 
usually allowed. For 1 30 yards of lath plaster and set — 1 load of laths, 10,000 nails, 
2^ hundred of lime, double load of river sand, 7 bushels of hair; for the labour, 1 
plasterer 6 days, 1 labourer 6 days, 1 boy 6 days ; and upon this, as before, 20 per cent, is 
usually allowed. 

2249. In the country, for the exterior coating of dwellings and out-buildings, a species 
of plastering is used called roughcast. It is cheaper than stucco or Parker’s cement, and 
therefore suitable to such purposes- In the process of executing it, the wall is first 
pricked up with a coat of lime and hair, on which, when tolerably well set, a second coat 
is laid on of the same materials as the first, but as smooth as possible. As fast as the 
workman finishes this surface, another follows him with a pailful of the roughcast, with 
which he bespatters the new plastering, so that the whole dries together. The roughcast 
is a composition of small gravel, finely washed, to free it from all earthy particles, and 
mixed with pure lime and water in a state of semi-fluid consistency. It is thrown from 
the pail upon the wall, with a wooden float, about 5 or 6 inches long, and as many wide, 
formed of half-inch deal, and fitted with a round deal handle. With this tool, while the 
plasterer throws on the roughcast with his right hand, in his left he holds a common 
whitewasher’s brush dipped in the roughcast, with which he brushes and colours the 
mortar and the roughcast already spread, to give them, when finished, an uniform colour 
and appearance. 

2250. In forming the coves and cornices which are applied below the ceilings of rooms, 
it is of the greatest importance to make them as light as possible, for the plaster whereof 
they are formed is heavy, and ought not to be trusted merely to its adhesion to the vertical 
and horizontal surfaces to which it is attached. Hence, when cornices run of large dimen- 
sion, bracketing, as has already been described in the section Joinery (2079, et seq,), must 
be provided, of the general form of the cornice or cove, or other work, and on this the 
plastering is to he formed. On this, when roughed out, the work is run with wooden 
moulds, having brass or copper edges, so as to give the general outline of the cornice. If 
enrichments are used in it, they are cast in plaster of Paris, and afterwards fixed with that 
material in the spaces left for them to occupy. These enrichments are previously modelled, 
and from the model a matrix is formed, as for all other plaster casting. Great nicety is 
required in all the operations relative to the moulding and fixing of cornices, and most 
especially that the ornaments be firmly fixed, that they may not be detached from their 
places by partial settlements of the building, and cause accidents to the occupiers of the 
rooms where they are used. 

2251. In the present time, the use of ornaments made of carton-pierre, a species of papier 
mache has been reintroduced for cornices, flowers, and other decorations. The basis of it 
is paper reduced to a pulp, which having other ingredients mixed with it is pressed into 
moulds, and thus ornaments are formed of it. Though they have not all the delicacy of 
the plaster cast, their lightness, and the security with which they can be fixed with screws 
is such, that we have no hesitation in recommending them for adoption, in preference to 
plaster ornaments ; and, indeed, their general use at present warrants the recommendation 
we here give. At the same time, we must caution the architect that the thing is at pre- 
sent far from the perfection to which the plasterer carries his practice, and that in the 
fixing there is all the want of that nicety which a good cornice workman in plaster exhibits. 
There has been a great want of competition in this country of the manufacture of carton- 
pierre. Indeed of what is made here the modelling is generally very bad, inferior artists 
being employed upon it. That manufactured by Waillet and Huber of Paris we have 
found to be the best, and their modellers are able artists. We have already adverted to the 
cements used in plastering. Parker’s, Bailey’s, Atkinson’s, and Chambers’s are the prin- 
cipal ones for coating buildings, and the process of laying them on is so similar to that 
of other plasterer’s work, that it will not be necessary to say more than that they are all 
good, and may be used with safety. 
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2252. It b scarcely within the branch of the plasterer’s practice, but as we shall have no 
other place for adverting to it, we may as well here mention a composition which, till 
lately, was much in use, but will certainly now be entirely superseded by the carton-pierre, 
above mentioned ; we mean what are called composition ornaments, which were never, 
however, used in cornices, but principally for the decoration of an inferior class of chimney^ 
pieces, and the like. The composition is very strong when dry, of a brownbh colour, con- 
sisting of about two pounds of powdered whiting, a pound of glue in solution, and half a 
pound of linseed oil mixed together in a copper, heated and stirred with a spatula till the 
whole is incorporated. After heating it is laid upon a stone covered with powdered whiting, 
and beaten to a tough and firm consistence, when it is laid by for use, covered with wet 
cloths to keep it fresh. This composition is then put into a press, and pressed into 
moulds made of boxwood. It is now, however, nearly abandoned, as it ought to be, its 
weight being so much against its use. 


Sect. X. 


SMITHERT AND IRONMONGERY. 


2253. Smithery is the art of uniting several lumps of iron into one lump or mass, and 
forming them into any desired shape. The operations necessary for thb are primarily 
performed in the forge, and on the anvil with the hammer ; but for finishing, many other 
implements and tools are necessary. These, however, we do not think useful to par- 
ticularise, a course we have pursued in the other trades, because the expedients introduced 
by the engineer and machinist have of late years, except in rough work, superseded many 
of them. It is now, for instance, easier to plane iron to a perfect surface than it was a few 
years ago to file or hammer to what was then always an imperfect one. Formerly a man 
would be occupied as many minutes in drilling a hole as by machines it now takes seconds 
to perform. 

2254, We have, in a previous section, given all the particulars relating to the produce 
of the metal from the ore ; in this section we propose little more than to enumerate the 
different objects which the smith and ironmonger furnish in the construction of buildings ; 
and introductory to that it will be convenient to subjoin tables of the weights of round and 
bar iron, and abo of the weights of 1 foot of close hammered bar iron of different thick- 
nesses ; remembering that a cube foot of close hammered iron weighs about 495 lbs., of 
common wrought iron about 480 lbs., and of cast iron 450 lbs., whence maybe derived the 
weight of other solids whose cubic contents are known. 


Table showing the Weight of one 
Foot in length of a square Iron 
Bar. 


Side of 
Square 
iu 

inches. 

Weight in lbs. 
averdupois. 

Side of 
Square 
in 

inches. 

Weight in lbs. 
averdupois. 

1 

01 875 


15-0625 

3 

0-4687 

n 

16-8740 


0-8125 


18-8125 

I 

1-2812 


20-8125 

I 

1 -8740 

21 

22-9687 

i 

2-5625 

2? 

25-1875 

1 

3-3125 

2i 

27-7500 

4 

4-2187 

3 

30-0000 

ij 

5-1875 

3i 

32-5312 

If 

6-3125 


35-1875 


7-5000 


37-9687 

i| 

8-8125 

Si 

40-7812 

IS 

10-1875 

SI 

43-7812 

n 

11-7187 

3? 

46-8740 

2 

13-3125 

3i 

50-0520 



4 

53-3125 


Table showing the Weight of one 
Foot in length of a round Iron 
Bar. 


Diame- 
ter in 
inches. 

Weight in lbs. 
averdupois. 

Diame- 
ter in 
inches. 

Weight in lbs. 
averdupois. 


0-1562 

2| 

11-8125 

3 

0-3750 

2J 

13-2500 

5 

0-6562 

21 

14-7500 

i 

1 -0000 

n 

16-3437 

3 

? 

1 -4687 

21 

18-0000 

i 

2-0000 

2i 

19-7812 

1 

2-5937 

2| 

21-6250 

H 

3-3125 

3 

23-5625 

H 

4-0937 


25-5625 


4-9375 

3i 

27 -6562 

H 

5-9375 

3i 

29-8125 

li 

6-9052 

Si 

32-0625 


8-0000 

3i 

34-4062 


9-1875 

Si 

36-8125 

2 

10-4607 

3J 

39-3116 



4 

41-8740 
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Table showing the Weight of close-hammered flat Bab Iron, from one Inch wide 
AND an Eighth of an Inch thick to four Inches wide and one Inch thick. 


Inches, 
and their 


Thickness in Parts of an Inch, and Weight in Pounds averdupois. 


Parts in 
breadth. 

1 

4 

£ 

3 

i 


1 

1 

1 

0-429 

0-859 

1*289 

1*718 

2-148 

2-578 

3*007 

3-437 


0*484 

0*968 

1*503 

1-937 

2-422 

2*905 

3*383 

3*868 

u 

0-539 

1*078 

1*639 

2*148 

2-682 

3*226 

3-758 

4*305 

li 

0*593 

1*187 

1-773 

2*368 

2*953 

3*547 

4-133 

4-726 


0*648 

1-289 

1*937 

2-579 

3*218 

3*867 

4-508 

5*156 

If 

0-695 

1*398 

2*093 

2-789 

3-492 

4*187 

4*890 

5*585 

n 

0-750 

1-500 

2*250 

3*008 

3-758 

4*508 

5-266 

6*016 

n 

0*804 

1*609 

2*414 

3*218 

4*281 

4*835 

5-641 

6*445 

2 

0-859 

1-699 

2-578 

3-4.37 

4-297 

5*156 

6*016 

6-874 

2i 

0*913 

1*828 

2*742 

3*356 

4-562 

5-476 

6*391 

7-305 

si 

0*948 

1-937 

2-897 

3*867 

4*835 

5*805 

6-766 

7-734 

2i 

1*023 

2*039 

3*062 

4-148 

5*101 

6125 

7*148 

8-164 


1 -069 

2*148 

3*218 

4.297 

5 -.3 75 

6-445 

7-547 

8*594 

2i 

1*125 

2-250 

3 *,883 

4*516 

5*641 

6-766 

7-897 

9 *023 

2| 

1-179 

2-366 

3*500 

4-726 

5-905 

7*093 

8*273 

9*443 

2i 

1-234 

2-468 

3*721 

4-937 

6*180 

7*414 

8-648 

9-882 

3 

1-289 

2-578 

3-867 

5*156 

6-445 

7-734 

9-023 

10*312 

38 

1-344 

2-687 

4-031 

5-375 

6*734 

8-055 

9*398 

11-742 

31 

1-398 

2.789 

4*187 

5-609 

6-984 

8-375 

9-773 

11-172 

3i 

1-443 

2-905 

4*3.35 

5-805 

7-250 

8-703 

10*156 

1 1 -601 

3i 

1-500 

3*007 

4-508 

6-016 

7-516 

9-039 

10-503 

12-031 

3| 

1-562 

3*117 

4*672 

6*226 

7-789 

9*344 

10*905 

12-461 

3? 

1-609 

3*218 

4-860 

6-445 

8*062 

9*664 

11*281 

12*890 

35 

1-630 

3-328 

5-000 

6-656 

8*328 

9-992 

11-656 

13-320 

4 

1-718 

3-437 

5-156 

6-874 

8 - 59.3 

10*312 

12-031 

13-750 

8 

3*436 

6-874 

10-312 

13*748 

17-186 

20*624 

24*062 

27-400 

12 

5-156 

10*312 

15*469 

20*625 

25-781 

30*937 

36-094 

41 -250 




If of Cast Iron. 




12 

4-835 

9-664 

14*500 

19*336 

24-172 

29*000 

33-836 

38-672 


2255. For the carcass of a building the chief articles furnished by the smith are chimney 
fcars, which are wide thin bent bars or plates of iron, to relieve the weight of brickwork 
over wide openings of chimneys, as in kitchens and rooms where a large area of fire is 
requisite. In these situations they are subject however to objection, because of their liability 
to constant expansion and contraction from the varying temperature, which often produces 
fractures about the chimney jambs. They nevertheless, on the whole, produce a security 
which sanctions their use. Cramps for holding together courses of stonework. These, 
however, are better of cast iron, being far less subject to decay by oxidisation. Balusters 
and railing for stairs and the areas of houses towards a public way. Shoes for piles, when 
that mode of obtaining a foundation is adopted. Wrought iron columns with caps and bases, 
for the support of great superincumbent weights. Cast iron are now preferred both for 
economy and stiffness ; as is abo that material for girders and bressumers, which have 
been already disposed of in a previous page. Area gratings and window bars for securing 
the lower stories of houses. Here, again, the founder has stept in to render the employ- 
ment of wrought iron much less general than formerly. Ties of all descriptions, and for 
the carpenter especially the various sorts of straps, bolts, nuts and screws, plates, washers, 
and the like, for connecting the pieces in framing where the strain is greater than the mere 
fibres of the wood will resist. Casements, with their fastenings for lead lights, are also 
furnished by the smith. But he is now rarely employed, as heretofore, for fancy gates, 
sashes, and frames, such works being furmshed by the founder, as well as rain-water pipes 
with their cbtern heads, pavement gutters, air traps, scrapers, coalplates, water-closet 
traps, and a number of other objects which will occur to the reader. 

2256. The chief articles furnished by the ironmonger are for the joiner’s use, and, ex- 
cept in particular cases, are kept in store by that tradesman for immediate supply as 
required. 
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2257. They consist in screws^ whose common sizes are from three quarters of an inch up 
to 4 inches in length. They are sold by the dozen. 

2258. fron butt hingesj whose name is probably derived from their butting close surface 
to surfrce when closed, used for hanging doors and shutters. They are made both of iron 
and brass, the former varying in size from ] } to 4 inches in length ; the latter from 1 inch 
to 4 inches. These, as well as all other hinges, are in size necessarily proportioned to 
the magnitude and consequent weight of the shutters or doors they are to carry ; and 
it is to be observed, that for the well-hanging of a door or shutter, the size of the hinge 
should be rather on the outside of enough than under the mark. There is a species of 
hinge used for doors called the rising joint hinge, a contrivance in which the pivot, having 
on it a short portion of a spiral thread, and the part to which the door is fixed having a 
correspondent mass, the door in opening rises, and clears the carpet or other impediment 
usually placed on the floor. The projecting brass butt is used when the shutter or door is 
required to clear some projection, and thus, when opened, to lie completely back in a plane 
parallel to its direction when shut. AU hinges are purchased from the ironmonger by the 
pair. 

Besides the hinges above mentioned are those called cross garnets, whose form is j^, that 
of a T lying sidewise. These are only used on the commonest external doors, and are made 
from 10 to 20 inches, varying in their dimensions by differences of two inches. 1-| hinges, 
the shape of the letter showing their form as well as the origin of their name. These 
in their sizes range from 3 to 8 inches by differences of an inch. hinges ( H and L 

conjoined), whose form is implied by their name, and whose sizes are from 6 to 12 inches, 
proceeding by inches. Parliament h inges are made of cast and wrought iron, from 3^ to 5 
inches, proceeding in size by half inches. 

2259. Rough rod holts are those in which there is no continued barrel for the bolt, and are 
for the most common service. Their sizes begin with a length of three inches, and proceed 
by inches up to a length of 10 inches; such, at least, are their common sizes. Bright rod 
holts run of the same sizes as the last ; and, as the name indicates, the bolt is polished and 
finished, so as to make them a better fastening, as far as appearance is concerned. The 
sjning plate bolt is contrived with a spring to keep the bolt up to its work, but one which 
so soon gets out of order that we wonder it is now manufactured or used. It is made of 
lengths from 3 to 8 inches, by variations of an inch in size. Barrelled holts are those , 
in which the whole length of the bolt is enclosed in a continued cylindrical barrel, and are 
superior to all others in use, as well as the most finished in their appearance. Their com* 
mon sizes are from 6 to 12 inches, varying by steps of an inch. All the bolts above 
mentioned are sold per piece by the ironmonger, as are those called flush holts, a name given 
to such as are let into the surface to which they are applied, so as to stand flush with it. 
They are mostly made of brass, and are of two different thicknesses, viz. half and three 
quarter inch. Their lengths vary from 2^ to 12 inches, and occasionally, as circumstances 
may require, as in book-case doors and French sashes, to a greater length. But for French 
casements, what is called the Espaniolette bolt, a contrivance whose origin is French, though 
much improved in its manufacture here, is now more generally in use. 

2260. Bullies, for hanging sashes and shutters, are made of iron or brass, or with brass 
sheaves or brass axles. Their sizes are from one inch and a half to two inches and a half 
in diameter. 

2261. The varieties of locks, their contrivances for security, and their construction, are 
so many, that to describe them minutely would require almost a work of itself. AU that 
the architect has to deal with, for common purposes in building, we shaU mention. For 
fastening places where particular security is requisite, as strong closets for plate or cash, 
some of the patented locks should be used, and we must leave this matter for inquiry in the 
hands of the architect. Every patentee says his invention is the best. We nevertheless 
believe, notwithstanding the boasts of all the inventors, do lock has yet appeared which an 
expert locksmith acquainted with its construction will not be able to pick. Tlie locks in 
common use are stock lochs, whose box is usually of wood, and whose sizes vary from 7 
to 10 inches. Dead focAs, whose sizes are from 4 to 7 inches, and so called from the 
key shooting the bolt home dead, without a spring. Cupboard locks of 3, 3J, and 4 
inches in size. Iron rim locks, whose box or case is made of iron, and which are fitted 
on to one of the sides of a door, and whose sizes are from 6 to 8 inches. Of those 
made of the last-named size, there are some, as also of 9 inches, which are used for ex- 
ternal doors, called iron rim drawback locks. For the doors of all well-finished apart- 
ments, mortice locks are used. These take their name from being morticed into the thick- 
ness of the door, and being thus hidden. To these either plain or fancy furniture, that is, 
nobs and escocheons, are afliixed. Above and below them^n^er plates are generally directed 
to be placed, to prevent the door being soiled in the places where it is mostly laid hold 
of. 

2262. The diflerent sorts of latches in use are the thumb latch, which receives its name 
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from the thumb being placed on the lever to raise its latch ; the Norfolk l<xtch ; the four- 
inch hoto latch with brass nobs ; the brass p^dpit latch ; and the mortice latch. 

2263. Besides the articles already mentioned, spikesy holdfastsy and wall hooks, door springs 
of various sorts, door chains and barrels, thumb screws and other shutter and sash fastenings, 
brass turn buckles, closet knobs, brass flush rings, shutter bars, brass rollers, bars with latchets, 
shelf brackets, drawer handles, wrought iron bars, sash lines and weights, besides many others, 
are furnished by the ironmonger. In treating on specifications, in a subsequent section, it 
will be seen how the several articles of smithery and ironmongery are applied. 

2i*64. Bolts, straps, and other exposed iron-work are pre^rved from the action of moisture 
on them by the following mixture : — > To two quarts of boiling oil add half a pound of 
litharge, putting in small quantities at a time, and cautiously. Let it simmer over the fire 
two or three hours ; then strain it, and add a quarter of a pound of finely-pounded resin 
and a pound of white lead, keeping it at a gentle heat till the whole is well incorporated. 
It is to be used hot. A composition of oil and resin and finely levigated brickdust is foimd 
useful in preserving iron from rust. It is to be mixed, and used as a paint of the usual 
consistence. 


Sect. XI. 

FOUN’DERY. 

2265. The very general use of cast iron by the architect has induced us to give, in a 
previous section, a succinct account of the common operations of foundery, or the art of 
casting metal into different forms. We do not think it necessary, therefore, to do more 
than refer the reader to Chap. II. Sect V. of this Book (1763. et seq.). The foundery of 
statues, which is among the most difficult of its branches, belongs exclusively to the 
sculptor, and is usually carried on in bronze. 

2266. To gain a proper knowledge of the operations of the founder, the student should 
attend a few castings at the foundery itself, which wiU be more useful to him than all which 
in words we can express on the subject. 


Sect. XII. 

PAINTING, GILDING, AND PAPER-HANGING, ETC, 

2267. Painting is the art of covering the surfaces of wood, iron, and other materials with 
a mucilaginous substance, which, acquiring hardness by exposure to the air, protects the 
material to which it is applied from the effects of the weather. 

2268. The requisite tools of the painter are — brushes of hog's bristles, of various sizes 
suitable to the work ; a scraping or pallet knife ; earthen pots to hold the colours ; a tin 
can for turpentine ; a grinding stone and mnller, &c. The stone should be hard and close- 
grained, alwut 1 8 inches in diameter, and of sufficient weight to keep it steady. The knots, 
especially of fir, in painting new work, will destroy its good effect if they be not first pro- 
perly killed, as the painters term it. The best way of effecting this is by laying upon tho‘:e 
knots which retain any turpentine a considerable substance of lime immediately afrer it is 
slaked. This is done with a stopping knife, and the process dries and burns out the tur- 
pentine which the knots contain. When the lime has remained on about four and twenty 
hours, it is to be scraped off, and the knots roust be painted over with what is called size 
knotting, a composition of red and #hite lead ground very fine with water on a stone, and 
mixed with strong double glue size, and used warm. If doubts exist of their still remain- 
ing unkilled, they may be then painted over with red and white lead ground very fine in 
linseed oil, and mixed with a portion of that oil, taking care to rub them down with sand 
paper each time after covering them when dry ; so that they may not appear more raised 
than the other parts. When the knotting is completed, the priming colour is laid on. The 
priming colour is composed of white and a little red lead mixed thin with linseed oil. One 
pound of it will cover from 18 to 20 yards. When the primer is quite dry, if the work is 
intended to be fimshed white, mix white lead and a very small portion of red with linseed 
oil, adding a little quantity of spirits of turpentine for second colouring the work. Of this 
second primer, one pound will cover about 10 to 12 square yards. The work should now 
remain for some days to harden ; and before laying on the third coat, it should be rubbed 
down with fine sand paper, and stopped with oil putty wherever it may be nec^sary. If 
the knots still show through, they should be covered, with silver leaf laid on with japanned 
gold size. The third coat is white lead mixed with linseed oil and turpentine in equal 
portions, and a pound will cover about 8 square yards. If the work is not to be finished 

aq 
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the other requidte colour will of course be mixed with the white I^d, as iu the case 
of four coats being used. When the work is to be finished with four coats, the finishing 
coat should be of good old white lead as the basis, thinned with bleached linseed oil and 
spirits of turpentine ; one of oil to two of turpentine. If the work is to be finished dead 
white, the very best old lead must be used, and thinned entirely with spirits of turpentine. 

2269. When stucco is to be painted, it will require one more coat than wood- work ; the 
last coat being mixed, if the work is as usually executed, with half spirits of turpentine 
and half oil, for the reception of the finishing coat of all turpentine or flatting. If the 
work be not flatted, the finishing coat should be with one part oil and two of turpentine. 
It would be impossible to enter into the detjuls which are to be observed in painting wails 
of fancy colours ; all that can be said on this point in instruction to the architect is, that 
when fancy colours, as they are called, which in these days a painter construes as anything 
but white and a tinge of ochre or umber, each coat must incline, as it is laid on, more and 
more to the colour which the work is intended to bear when finished. 

2270. In repainting old work, it should be well rubbed down with dry pumice stone, 
and then carefiiUy dusted off, and when requisite, the cracks and openings must be well 
stopped with oil putty. After this, a mixture of white, with a very small portion of red 
lead, with equal parts of oil and turpentine, is used to paint the work, which the painters 
technically call second colouring old work. After this, the work being dry, a mixture of 
old white lead, adding a small portion of blue black in a medium of half bleached oil and 
half turpentine, is used for finishing, or, if flatting be intended, the former preparation will 
be suitable for receiving dead white or any fancy colour. The same process will serve for 
stuccoed walls, observing that, if more coats be required, the mixture of half oil and half 
turpentine is proper. 

2271 . In respect to outside work, the use of turpentine is to be avoided, for turpentine 
is more susceptible of water than oil, and thence not so well calculated to preserve work 
exposed to the weather. Oil, however, having from its nature a natural tendency to dis- 
•colour white, that is necessarily finished with a portion of half oil and half turpentine ; 
but in dark colours this is not necessary, and in such cases, boiled oil, with a little turpen- 
tine. is the best, or indeed boiled oil only. 

2^2. lead, which is the principal basis of all stone colours, is carbonate of lead- It is usually made 

either bj precipitation, as when carbonic acid or a carbonate is ut^ed to decompose a soluble salt, or a subsalt 
of lead : or by exposing plates of cast lead to the joint action of the vapour of acetic acid air and carbonic 
acid. It is by the latter process only that the resultiug carbonate of lead is obtained of that degree of den- 
etCyi opacity, and perfect freedom from chrrstalline texture, which fits it for paint. The last, called the 
Dutch process, was introduced into England about 1780. White lead is often largely adulterated with sul- 
phate of baryta, which may be detects by insolubility in dilute nitric acid, whereas pure white lead is 
«itirely dissolvea by it. The ill effects on the constitution of parties engaged both in the manufacture and 
use of the article, have recently (since the publication of the first edition ot this work) induced the French 
chemists to find some less deleterious substitute for it, and M. de Ruolz has discovered two substances 
which fiilftl the required conditions— viz., combination with oil, good colour, property of concealing, &c. 
The first is an arsenical compound (product) hitherto little known, which M. de nuolz does not describe, 
bec^ise, although inoffensive it may be made, by very simple chemical reaction, to retake its poisonous 
qualities, and be employed criminally. The second, which he considers well adapted for use, is the oxide 
«*■ .I'll':* ■ • . .i . l» e " »’ . ,• itscolour is a verypure white, rivallingthefinest silver 

wl'i:' . .t l.■>'v|•rv « .i*!ii • ■:••!. ;■"«! i* ; • v. in . . unctuous and cohesive mixture ; comparatively with the 
WMii ii.i.'.o' ill. .a 1' ! x*. paints it gives much clearer and softer tones than white 

lead. It may be obtained directly from the natural sulphuret of antimony, and at one third of the cost of 
ordinary white paint. {See “ l-iterary Gazette,” 25. Nov. 1843.) If the finishing colouris white, nothing but 
white lead should be employed. Lead colours are formed by a mixture of white lead with lamp black ; all 
colours, however, that are csiied/ancy colours^ have white le^ for their basis, chocolates, black, brown, and 
wainscot only excepted. 

2273. There is a process used by painters, termed cfcor-coo/ing, which is executed with white lead ground in 
water, and mixed with size. This is used instead of a coat ol paint ; but ’*■ ‘'-civ 

to answer the end for which it is usually employed. It scales off, and in 
immediately ch^ges. The only occasions wnerein it is useful, are where ^ 

which the use of it prepares better for the reception of paint. It should, however, never be employed upon 
joiner’s work or cornices to ceilings, where much enrichment is found ; for of all things, it destroys the sbai^ 
ness and b«ttity of the ornaments. Painters are very fond of using it ; but their endeavours to persuade the 
- 1 . — fj »w. in oKcniiito namely, that m which a fair appear- 

a . t oiack especially, and in damp weather 

I . • ■ . ' . jts of copperas and litharge, ground 

4 ■ I ■ 

1 ■ • . , 1 Ib. of red lead, 1 lb. of umber, and 

I < : • R ’ ’ * 'it care must be taken that the oil does 

• ■ , . • be thereby exposed. Thus, in a pot 

I , , , , • than one-third of that quantity, 

p ,.ii • . „ « • together. 

2276. The extra or' fancy colours used in painting are drabs, hrench greys, peach blossom, lilac, light 
greens, patent greens, blues, vermilion, lake, &c. All imitations, too, of wo^s and marbles, are executed 
by the paints*, and these are always covered with one or more coats of varnish. 

2277. In outside work and stairs, the process of sanding is frequently It i* pp»^nrTnpd with P-ip 

sand thrown on the last coat of paint while wet. The method of gilding i*-. i 

or water, the former being that most used in gilding the decorations of hoi. o- Tui- y d \ .riu i> i" • k- 
ness, is furnished by the goldbeater in books of 25 leaves, each leaf being 3| by 3 inches, or in the book, 1 ft. 

6 in. and | of an inch superficial. 

2278. 4prith painting is often connected the practice of paper-hanging by the same 
artificer. The various sorts of paper used for lining walls it would be useless to describe. 
We have only to mention that papers are printed in pieces of 12 yards in length, and 
1 foot 8 inches wide ; hence, 1 yard in len^h contains 5 feet superficial ; therefore, any 
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number of superficial feet divided by 60 (the length 36 x 1 ft. 8 ins.) will give the number 
of pieces wanted for the work. A ream of printed paper of 90 quires of ‘24 sheets to the 
quire is equal to 28 pieces of paper, or each piece contains 17 sheets. 


Sect. XIII. 

SPECIFICATIONS. 

2279. The importance of an accurate specification or description of the materials and 
work to be used and performed in the execution of a building, is almost as great as the 
preparation of the designs for it. Tlie frequent cost of works above the estimated sum, and 
its freedom from extra charges on winding up the accounts, will mainly depend on the 
clearness, fulness, and accuracy of the specifications; though it is but justice to the archi- 
tect to state that extras arise almost as often from the caprice of his employer during the 
progress of the work, as from the neglect or carelessness of the architect in making the 
specification. A specification should be made in all cases of new designs, additions, or 
alterations in reference to designs, which, the more they are given in working drawings by 
the architect, tlie better will it be for his employer, no less than for the artificer. 

2280. It is impossible to frame a set of directions which shall be applicable in all cases. 
What we here propose to do is, to give something like a list or skeleton of the component 
parts of buildings, from which the architect may select such as are suitable to the parti- 
cular case whereon he may be engaged. We have not carried this into the repairs and 
alterations of houses, because, with difference of application, we apprehend what we are 
placing before the student will enable him to carry the system forward in such cases without 
any difficulty. The works of each artificer are as follow : — 

2281. Excavator. To take down any old buildings and impediments that may be on 
the site of the new works. If any old materials are to be used again, he is to clean, 
sort, and stack them for re-using in such parts of the premises as may be directed. 
The rubbish, as well from these as from any superfluous earth that may come out 
of the basement and foundations, if not wanted for raising the ground or for other 
purposes, he is to cart away, either wholly, or to such part of the premises as may 
require it, on direction to that effect, as well as all rubbish that may accumulate 
in executing the works. 

To dig out for basement story (where one is to be) for the foundations, areas, drains, 
floors, and all other works requisite. To beat down to a solid consistence the ground 
forming the beds of the trenches for receiving the foundations and walls, and after 
they are in, he is to fill in and ram down the ground with wooden rammers ; to 
level, and to do such other rough groundwork as may be necessary for forming the 
sectional ground lines shown upon the drawings. In basements no earth is to be left 
nearer than 9 inches to any floor or other timbers, such cavities being by the speci- 
fication to be filled in with dry lime core. And, finally, he is to leave the ground 
altogether free from all useless soil or other materials. 

To bale out or pump out and remo\e all soil and water wliich may be necessary for 
laying the foundations, whether arising from springs, drams, cesspools rain, or 
otherwise, and to be answerable for all accidental damage that may occur whilst the 
foundations and walls are carrying up, as also, when buildings adjoin, for all damage 
that may occur to neighl>ouring buildings. 

2282. Bricklayer. The brickwork is to be executed with the very best hard well-burnt 
grey stocks (or kiln~burnt red stock bricks, if the others are 7iot to be had), to be laid in 
flat joints, and so that every four courses shall not exceed 11| inches in height. 

When better bricks are used for facing external walls, tliey are to be specified as best 
marie stocks, second marie stocks, or Suffolk white bricks, as the case may be, in which 
case it must be specified that no headers of the facing arc to be cut off, except 
where absolutely necessary to form good bond. Fronts so faced must be described 
to be either carried up with a neat flat parallel ruled joint, or to be afterwards tuck- 
joint pointed if a very finished face is wanted, though the latter is not altogether a 
very sound practice. In old work the joints may be described to be raked out, the 
brickwork washed, stained, and tuck-joint pointed. 

No place or sainile bricks to be allowed in any part of the work, under a penalty of 
two shillings for every such brick that may be detected to have been used. 

The mortar is to be compounded of stone lime and sharp clean drift sand (if the work 
be of importance), to be ground in a pug-mill, or otherwise to be well tempered 
and beaten with wooden beaters, and to be in the proportion of one heaped bushel 
of lime to two of sand. 
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When the foundations are bad, concrete should be provided, and is thus described : it 
is to be formed in the proportion of six parts of Thames or other unscreened clean 
ballast, and one part of fresh-burnt Dorking (or other) stone lime, beaten to powder 
on the premises, and unslaked. They are to be thoroughly mixed in small quanti- 
ties at a time, the lime at mixing being slaked with as small a quantity of water as 
possible. The concrete, after mixing, is to be dropped from a stage to be formed 
by the contractor, so as to fall into the trench provided for its reception from a 
height of at least 12 feet. The thickness of the conrete thus executed may vary 
from 4 feet to 18 inches in height, according to the badness or goodness of the 
foundation. 

English bond should be directed, and the work should be specified to be flushed up at 
every course with mortar. No bats to be allowed except for closures ; and for 
sound work every fourth course to be grouted with liquid mortar, and in the foun- 
dations every course, or at least every second course. The walls, chimneys, their 
shafts and other works are to be carried up of the height and thicknesses and in the 
manner shown and figured on the several plans and drawings, together with all 
brickwork requisite for the completion of the house. If the architect prefers, he 
may particularise these, but the drawings will show his meaning better. When the 
work is within the bills of mortality, and not required to be of particularly great 
solidity, it will be sufficient to describe that the thicknesses of the walls, their heights 
above the roofs, &c., shall be conformable to the regulations contained in the 
Building Act of the 14th Geo. III. c. 78. 

When the work is to appear without a stone or plaster facing, there must be described 
rubbed and guaged arches for all the external openings that will be seen in the prin- 
cipal fronts, of 9 or 14 inches in depth (or more according to their span), accurately 
cut, and set closely in front, in back, and on their sofites. To the other openings 
the arches are to be described plain arches, closely set ; those which appear exter- 
nally to be tuck-pointed on their outside faces. Over all lintels, too, in external 
walls, the specification should provide uncut accurately formed arches. 

When/usems are formed of brick, they must be described with their projections, as 
also all cornices formed by the arrangements of bricks, whereof the heads may be 
required to show as modillions ; but a drawing should, for the latter, always appear 
on the drawing or specificarton. 

When the shafts of chimneys are carried up above the roof, out of the common way, 
they must be referred to drawings ; otherwise what relates to them and their flues is 
merely described as follows : — Turn, pargeU and core the chimney flues, and finish 
the shafts with salient courses 6 inches in height, with double plaintile creesing 
thereto, and for each flue provide and fix a large-sized chimney mould ; the upper 
courses of the shafts above the creesing to be laid in Parker's cement. In most 
cases, now, the flues are covered with square chimney moulds, cast of Parker’s 
' cement, and may be described as plain or moulded, and otherwise ornamented. 

W'hen parapets are not to be coped with stone or cement, they must be described as 
finished with double plaintile creesing, and a brick on edge thereover, all laid in 
Parker’s cement. 

Generally, where weather is to be provided against in upper courses and elsewhere, 
the laying in Parker’s cement must be described. 

Turn trimmers of 4-inch brickwork to all the fire-places for receiving the hearths 
throughout the building, except where the hearths lie on ground in basement stories. 

Where there are basement stories, or the story is on the ground. Describe piers 9 
inches square, or continued walls 9 inches thick, to carry the sleepers whereon the 
joists of the floor or the courses of paving stone are to lie ; in either case the cavity 
is to be filled, for at least 9 inches in height, with dry lime core. 

Bed in mortar all bond timber, wall or other plates, lintels, wood, bricks, templets, 
stone, or other work connected with the brickwork. All the door and window 
frames to be bedded in and pointed round with lime and hair mortar. Execute all 
requisite beam fitting. 

When the building is faced with stone, or stone dressings are used ; to the above 
must be added — back up and fill in solid with brickwork all the stone work and 
iron work that is set in the brickwork. 

If cornices, fascias, &c. are to be run in Parker's cement, or other sort of plaster, the 
instruction is — Prepare and fix brickwork, and such Yorkshire stone slabs and 
other materials as may be necessary for forming the several external cornices, pedi- 
ments, strings, sills, and dressings to openings, in Parker’s cement, or other cement, 
as the case may be, as shown on the drawings. 

Turn arches in cement (if wanted) for carrying entrance or other steps. Provide all 
brickwork for stone steps. Turn vaults of brickwork (describe thickness not less 
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than 9 inches) over the intended cellars, according to the drawing, and properly cut 
all groins of intersections. The spandrels to be filled in with solid brickwork up to 
the level of the internal crown of the vaulting, the whole grouted with liquid 
mortar. When the centering is struck, the sohte.s of the vaultings are to be evenly 
and fairly cleaned off, and pointed. 

Construct round the building a dry drain, as shown on the drawings, the top of the 
wall thereof to be level with the sections of the ground. Ham down the ground 
at the back thereof as the work is carried up, and provide such stone stays from 
the building as may be necessary for maintaining such wall in its place. 

To execute proper barrel drains for draining the premises, as shown on the plans, to 
fall into a main sewer, or cesspool, as the case may be. The principal drains to be 
1 ft. 6 in. and the smaller ones 1 2 inch barrelled drains, with lialf-brick rims, and the 
lower half of each drain composed with pure Parker’s cement. At the foot of all 
rain-water, soil, and waste pii>es, pioper brick funnels are to be formed to lead down 
to the drain, the same to be constructed in Parker’s cement. From all sink-stones 
funnels and drains to be formed to lead to the principal drains. N.B. We have here 
described the sizes of drains as for a moderate-sized mansion. We might say that 
30 inches is the maximum diameter likely to be required for a laigc building, and 
none should be made less than 9 inches wide with half-brick sides, three courses 
high, arched, and paved. 

When a portico is designed, provide and execute walls for carrying the columns of 
portico, as shown on the plan, all piers or cross walls for receiving the landings, and 
brickwork to receive the steps. If the portico be of large size, descrii)c discharging 
arches above the architrave in the space over intercolumniations, and from return 
columns to main walls. If a pediment, back up w’ith brickwork behind the tym- 
panum of pediment quite up to under side of raking cornice of pediment. 

Wells, when above 6 feet in diameter, should be described to be steaned in a thickness 
of one brick, and when less than that size, in half a brick. 

When water cannot be carried off to a public sewer or running stream, cesspools must 
be formed to receive it, and allow, if possible, its absorption by the earth. They 
are usually 3 feet G inches to 5 feet clear diameter, and are to be described as circu- 
lar on plan, steaned round with hard stocks, in half a brick thick, laid dry till within 
18 inches of the top, which 18 inches are to be laid in Parker’s cement. If 
there be privies or water-closets far apart, each must be provided with a cesspool. 
Cesspools are sometimes domed over in brickwork, with a circular stone let into 
the eye or opening at the top of the dome ; or they may be described to be covered 
with Yorkshire stone. 

If any fence walls are required, their footings, thicknesses, heights, and lengths are to 
be mentioned, and of what bricks they are to be built. If any thing peculiar in 
their form, a section and elevation should be given. 

BrUknogged partitions, which in practice ought, if possible, to be avoided, and are only 
to be justified where room is an object, are described as with bricks laid flat, or on 
edge, filled in between the quarters, ties, &c. of the partition. 

Strong closets for plate or deeds require merely description of thickness of walls and 
brick arch, and usually 4-inch walls brought up for holding the requisite number of 
shelves. 'Phe same of wine cellars, whose bin walls must be mentioned. 

Paving with bricks is described to be either of stocks, paving bricks, malm paviors, or 
clinkers, which may be laid flat or pn edge in sand, mortar, or cement, and either 
straight-coursed or herring-bone. 

Paving with tiles is usually in mortar ; the tiles may be either 10 or 12 inches square. 

AU splays, ramps, and chases to be cut where wanted ; the two former to be rubbed 
where necessary, and the latter to be pargetted 

Brick ovens (one 10 feet wide and 8 feet 6 inches aeep will bake tweive oushels of bread, 
and one 8 feet wide and 7 feet deep will bake eight bushels, and so in proportion) are 
to be constructed with Welsh lumps or fire bricks for fire-place, domed over, and 
hooped with iron hoops. The bricklayer is to provide the bars, plate door, bar to the 
archway of door, and other ironwork, and to carry up a proper flue from the fire. 

Iron ovens. The bricklayer is to set in proper brickwork an iron o>en capable of 
baking two bushels of bread. 

Coppers and stewing stoves to be set neatly in brickwork, the latter in guaged brick- 
work with tile top, and proper flues carried up therefrom. 

Colnmns to porticoes or fronts which arc to be coated with cement must be described 
of such diameters as the drawings for finishing require, with entablature, &c., as the 
case may be, carried up in Parker’s cement. 

In describing stables, besides what may be applicable from the foregoing directions, 
two air-Jiues are to be constructed to each stall and loose box, 9 inches square, and 
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carried up over the racks within the thickness of the brickwork, communicating at 
their tops with the external air by curved tops to secure them from the penetration 
of the rain. Dung-pit walh^ whose dimensions depend on the size of the stables. 
Ijime white walls of stables. 

If roofs are covered with tiles, either pan or plain. The description for the former 
will be either laid dry, or bedded in lime and hair, or pointed outside or inside, 
or on both sides; or if glazed pantiling, to be so described, laid to a 10-inch guage 
on stout fir laths, with hip, ridge, and valley tiles, filleting cutting to splays, beam 
filling, painted T nails, hip hooks, &c. Plain tiling is described as laid to a close 
guage on heart of oak double laths, with all the plaintiles pegged. The hip and 
ridge tiles to be set in Parker’s cement, with T nails dipped in melted hot pitch 
in all the joints. Strong, similarly pitched, wrought iron hip hooks. Filletings of 
Parker’s cement, with strong cast iron nails for forming a key driven into the walls 
or other brickwork at intervals, close enough to secure the same. 

In cases of underpinning the bricklayer is to cut all holes for the needles, and to re- 
move the old work, and to bring up the work in Parker’s cement on concrete 
foundation; and, finally, drive the cast iron wedges for bringing the work to a solid 
bearing. 

Where inverted arches are used in foundations they must be shown on the drawings. 

Provide, according to the extent of the job, a certain number of rods of brickwork for 
such extras as may be ordered by the architect ; and if the whole or any part thereof 
should not be wanted, a deduction to be made on settling the accounts for so much 
thereof as shall not have been used, at a price per rod to be named. 

To build all the walls level, except otherwise directed ; to be answerable for all damage 
that may occur to the work, by settlements or otherwise, during the time of 
building, and to make good the same as the architect shall direct ; and, further, to 
perform all such jobbing work as shall be necessary for completely finishing the 
building. To provide good sound and sufficient scaffolding, which is to remain for 
the use of the mason, carpenter, and other artificers that may have occasion to 
use the same. 

To pay the proper fees to the district, sewer, and paving surveyors, and to give the 
necessary notices and obtain the proper licences in their departments for executing 
the works. This only applies in the bills of mortality, where there are such officers. 

2283. Slater. To cover the roofs with the best strong Westmoreland, Tavistock, Welsh 
rag, imperial, queen, duchess, countess, ladies, or double slating, (as the architect may 
think most appropriate, each being named in the order of the value and quality,) 
securely fixed with best strong copper nails. Every part to be properly bonded, 
especially at the eaves and heading courses thereof, with slates cut to keep the bond 
uniform. No slates to be laid lengthwise. 

Fillets against the brickwork, where requisite, of Parker’s cement ; such fillets to be 
formed with nails driven at proper intervals to form a hold for the cement (where 
lead step flashings are intended the fillets need not be described). Fillets of brick 
or stone may be built up with the wall, level or raking; and if they should be pre- 
ferred by the architect, they must be described in the bricklayer’s or mason’s works. 

All the slating is to be rendered up perlect on completing the building, and all 
jobbing work to be performed that may become necessary as the work is carried on. 

If the slating is required to be rendered as air-tight as possible, it must be described 
to be pointed on the inside with stone lime mortar, with a proper quantity of hair 
therein ; but the pointing of either slates or tiles, from the constant expansion and 
contraction arising from heat and cold, soon fails out and becomes useless. Slater 
to be answerable twelve mouths for his work. 

If slate skirtings and cistenis are intended about the building, they must be par- 
ticularly described. 

2284. Mason. The stone to be used in a building generally depends of course on the place 
where it is to be built, unless, without regard to expense, the employer determines 
on the use of any particular sort; in which case the account of the different quarries 
of the provinces, given in Chap. II. Section II. of this Book, will furnish the 
architect with the means of describing the best of its sort. For the choice, therefore, 
where it is left to the architect to decide, we must refer him to that account. In 
the neighbourhood of London that from the island of Portland is most used. 
Granite is chiefly used where great strains and pressures occur, or where wear and 
tear and the action of the weather indicate its employment. 

Having described the sort of stone selected to be of the best quality, free from all 
vents, shakes, &c., the next direction is, that it shall be throughout laid in the direc- 
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tion of its natural bed in the quarry ; and if the whole building is of stone, many of 
the following particulars will be unnecessary, — which of them will immediately speak 
for themselv^ Where the building is only faced with stone, the specification will 
run as follows: — The . . . fronts (describing them) are to be faced with Portland 
(or other, as the case may be) stone, ashlaring in courses to fall in with the courses 
of brickwork, carried up after the manner of Flemish bond. The stretchers of 
such ashlaring being 4j inches deep and the headers 9 inches, with bond stones 
running through the whole thickness of the wall in the proportion of of the 
face, to be introduced where the piers allow. No quoins to show a thickness of 
less than 1 2 inches. The whole to be cramped with iron cramps to the satisfaction 
of the architect, the mason finding the same, and properly running them with lead. 

In cases where the building is of brick with stone dressings, the specification will run 
thus ; — To provide and set a Portland stone (or other stone or granite) plinth all 
round (or part, as the case may be) the building, . . . feet . . . inches high and 8^ 
thick, in stones not less than 3 feet in length, the vertical joints to be cramped with 
T cramps not less than 12 inches long. Describe whether joints are to be close or 
channelled, and whether ashlar is to be rusticked (rockworked). To provide and 
fix at the angles of the building, as shown upon the drawings, solid quoins of 
Portland (or other, as the case may be) stone [here describe whether close, cham< 
fered, or channelled joints, and whether rusticked (rockworked}] of the length and 
height shown. 

To provide and fix, as shown, string courses, scantling .... inches by ... . inches, 
throated and bevelled on the upper face, and the joints plugged with lead. 

To provide and fix, as shown on the drawings, a cornice and blocking course, scantling 
... by ... , moulded according to the drawings, the bed to be such that the weight 
of each block of stone in the projecting part shall not be equal to that on the bed 
by one fourth of its cubic contents. The same to be executed according to the 
drawings ; to have proper sunk water joints, and to be channelled and plugged with 
lead at all the joints. 

Blocking course, as shown on tne drawings, . . . inches high, . . . thick on the bed, and 
... on the top, plugged with lead at il the Joints, with solid block at the quoins 
returned at least 24 inches. 

Balustrades (if any) to be provided of the heights and sizes snown on the drawings 
and section thereof. The balusters to be wrought out of stone, allowing at least 1 
inch of joggle at their ends into the plinth and impost. All the vertical joints to 
be well plugged with lead; the impost to be cramped with cast iron (or bell 
metal), and the whole to be securely fixed. The half balusters to be worked out 
of the same block of stone as their adjoining pedestal. 

Columns and pilasters (if any), with pedestals, capitals, bases, plinths, &c., and en- 
tablature, to be provided and fixed as shown on the drawings. Tlie columns and 
pilasters not to be in courses of more than . . . blocks of stone. The architraves to 
joggled from those resting on the columns or pilasters themselves, and these as 
well as the frieze and cornice to break joint over the architrave. The architraves, 
if blocks of stone can be supplied large enough, to be in one block from centre to 
centre of column, with return architraves in like manner. The whole of the en- 
tablature (as well as the pediment, if any) to be executed with all requisite joggles 
and cramps; and if a pediment be projected, the apex to be in one stone, as shall be 
approved by the architect. The pilasters (if any) to be bonded not less than . . . 
inches into the wall, against which they are placed in every other course. The 
sofites of the portico to be, as shown on the plan and sections, formed into panels 
and ornamented. Provide and let into the top of the architrave good and sufficient 
chain bars, with stubs on the under side for letting into every stone composing the 
architrave. 

If the portico be very large, it is not necessary to make the frieze solid, but concealed 
^cbes should be turned in the space from column to column to support the super- 
incumbent weight of the comice and pediment. If the columns are fluted, it must 
be mentioned. 

When a pediment, the tympanum may be described to be faced wdth ashlaring. 

To construct and fix dressings and sills to the external windows and doors, as shown 
on the drawings, with all such throated, sunk, moulded, carved, rebated, and other 
works as may be necessary. 

If a portico is shown, to provide and fix of solid . . . stone . . . steps round the por- 
tico scantling ... by ... , properly back-jointed and worked all over; and within 
the portico to provide and fix a complete landing of stone, at least 4 inches thick 
(or less, if a small portico), in slabs, as shown. The joints of the steps and land- 
ings are to be ioggled and run with lead. 
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All cMnaments, carving, enrichmeDt of capitals, of columns and pilasters, and of such 
as may be shown in the entablature, is to be executed in an artist>like good style. 
Idodels from the working drawings are to be made at the contractor’s expense, and 
the whole to be executed to the satisfaction of the architect. 

The order may be described if the working drawings are not sufficiently made out. 

Provide and fix plinths and base mouldings to the portico, as shown on the drawings, 
to be worked out of (describe stone) . . . stone of . . . by . . . scantling. 

Finish the chimney shafts with mouldings as shown in the drawings, or with sunk 
moulded and throated copings, . . . inches wide and . . . inches thick. 

To describe sills generally, take the following : — 

Sills to . . . windows of Portland stone, 9^ by 6 inches. 

SUls to . . . windows moulded and of Portland stone, 14 by 8 inches. 

Sills to . . . windows of Aberdeen granite, finely tooled, scantling 1 4 inches by 9 
inches. 

Sills to . . . windows of Portland stone, 9 by 5 inches. 

All window sills are to be properly sunk, weathered, and throated, and at each end 
to be 4 inches longer than the opening. 

To provide and lay to all the walls Y’orkshire stone 3 inches thick and 4 inches on 
e^h side wider than the several lowest footings, in slabs of one length across the 
width of the footing. 

If balconies to a house, describe thus: — A balcony landing of Portland stone .... 
inches thick, moulded on the edges and the pieces joggled together, and run with 
lead, to be provided with holes cut therein for the iron rafting. The said balcony 
is to be tailed into the wall, and securely pinned up. 

Steps to doorways must be described as to scantlings. All external steps should be 
weathered. 

Where story posts are used in a front, it is well to place along the front two pieces of 
parallel square Aberdeen or other good granite curb scantling, 1 2 inches by 9 inches, 
cut out to receive the bases of the columns and story posts. 

For a back staircase, carry up and construct a staircase from the basement to the prin- 
cipal floor, with solid Yorkshire quarry steps 13 inches wide and 6^ inches liigh, 
properly back-jointed and pinned into the brickwork ; cut holes for the iron ba- 
lustres. N. B. This sort of staircase of Portland will serve also for back stairs 
of upper flights. That from the basement may also be made of granite street curb, 
12 by 7 or 8 inches. A staircase may, for cheapness, be made of Y^orkshire stone 
paving 3 inches thick, wrought with fair tooled edges, and securely pinned into the 
brickwork. 

Principal stairs to be of Portland stone (as may be), to extend from principal to . . . 
floor, with steps and square (or semicircular, as may be) landings, entirely of solid 
stone, tailed 9 inches into the brickwork, with moulded nosings and returned 
nosings, and also at the back. The sofites to be moulded to the shapes of the ends 
of the steps. The landings to be 6 inches thick, with moulded nosings and joggled 
joints, run with lead, to be inserted at least 4 inches in the walls, but such as tail 
into the walls, as steps, must go at least 9 inches into the walls. 

When the under sides of the steps of the geometrical staircase are not moulded, the 
nosings are returned so as to fall beyond the upright line of the succeeding tread ; 
in this case the sofite or string is plain wrought. 

Pave the entrance hall and principal staircase, together with (any apartments wished) 
with the best . . . marble, and border according to the pattern drawn. 

The back staircase (and such other parts as require it) is to be paved with Portland 
stone 2 inches thick, laid in squares, and with a border 8 inches square. 

Dairy, if any, to be paved with .... stone, in regular courses .... inches 
thick. Provide a shelf or dresser round the said dairy of veined marble 1 inch 
thick, and a skirting round it 6 inches high. The dresser to go into the wall 1 

’ inch, and to be supported on veined marble piers 4 inches square. 

Pave the scullery, larder, pantry, passages, lobbies (and such other places as may re- 
quire mention), with rubbed Y’orkshire stone 2| inches thick, laid in regular courses 
with close rubbed joints. 

Pave the bottom of the air drain with Yorkshire paving. 

Yards may be paved with 22 -inch Yorkshire paving, or such other as the place affords, 
as in common use. The same to basement stories. 

To fit up the wine cellar with bins, as per drawing, with 3-incb Yorkshire stone 
Selves (some prefer slate), fairly tooled, and set in Parker’s cement. 

To provide and fix a warm bath of veined marble ; render waterproof by being properly 
set in Dutch tarras, and plugged and cramped with copper at the joints, with all 
requisite finishing. A marble step round two sides of the bath. Cut all holes 
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necessary for laying on the water. A hath may be similarly made of slate, which 
is of course much cheaper. 

Wliere iron girders are used, describe .... pieces of granite street curb, each .... 
feet long, to receive the ends of the cast iron girders. 

Where chimneys project without support from below, corbels must be described pro- 
portioned to the weight they have to carry. The best corbel, however, is the gradual 
projection of the work by inverted steps, which, it* there be height to hide them, 
should always be the mode of execution. 

Cellar doorways should have in each of them three pieces of Portland or other such 
stone, 1 8 inches wide, 1 8 inches long, and 9 inches high, cut out to receive the hinges 
and rim of the lock. 

All fire-places should have back hearths of 2]-inch rubbed Yorkshire stone. 

The commonest chimney-pieces that can be described are of l|-inch Portland, jambs, 
mantels, and shelves, 6 inches wide ; slabs of 2-inch Portland stone, 20 inches 
wide. 

For butler’s and housekeeper's rooms drawings are usually given. They may be of 
Portland stone slabs, 2 inches thick, 4 feet long, and 1 foot 8 inches wide. 

For a kitchen chimney, describe jambs and mantle of 2-inch Portland stope, 10 (or 
12) inches wide, with a slab of 2‘-inch rubbed Yorkshire stone. The mantel to be 
in one piece. 

Fur the several rooms where marble chimney-pieces are to be placed, chimney-pieces 
are described to be provided of a given value, varying in the less important to the 
best apartments, from eight or ten up to 100 guineas or more in value, of such marble 
as the employer may select : but if the working drawings have been fully prepared, 
this is a matter which need not be left in uncertainty. It must always be pro\ided 
in the specification that the slabs are included, and that the price is or is not (as the 
case may be) to include the carriage and fixing. 

Sinks of Portland or other stones, 7 inches thick (describing the size required), to be 
provided and fixed as shown in the drawings, with holes cut for the grating and 
socket pipe, and fixed with all requisite bearers complete. » 

Sink stone« to be provided where shown on the plan. The joints generally are to be 
where exhibited on tlie drawings, and the work is to be left perfectly cleaned off, all 
necessary joggles, joints, rebates, moulded, sunk, weathered and throated works, 
grooves, chases, lioles, back joints, and fair edges, that may be necessary in any part 
of the work, and all jobbing, though not particularly mentioned under the several 
heads, is to be performed that may be requisite for the execution of the building, and 
all the work is to be well cleaned off before delivering it up. The whole of the work 
is to he warranted perfect, and any damage that may occur to it by reason of frost 
or settlement within two years after the completion of the building is to be repaired, 
under the architect’s direction, at the sole expense of the contractor. 

All mortar is to be of the same quality as that described in the bricklayer’s work. 

Tlie contractor is to provide lead to run the cramps and joints. 

In works within the bills of mortality, the contractor is to pay the expense, under the 
commissioners of sewers or paving, as the case may be, of making good the street 
paving to the areas, plinths, and steps abutting thereon. 

To provide and fix under the contract .... cubic feet of . . . . stone, including 
plain work and setting thereto, also .... superficial feet of 2^-inch Yorkshire 
paving, laid in regular courses; and in case the whole or any part of either or both 
should not be wanted, the quantity not used or directed shall be deducted from 
the amount of the consideration of the contract after the rate of .... per foot 
of cubic stone and .... per foot superficial for the Yorkshire paving, including the 
workmanship and fixing thereof. 

In stables, granite should be pro\ided to receive the heel-posts if cast-iron be not em- 
ployed, and at the piers of gates, hinge and spur stones, tlie latter, of granite, if to be 
bad, should be described. The caps and bars of the last can be described only with 
reference to the drawings of them. 

The paving of stables and their courts is described thus : Prepare the ground for 
paving (stating where) with good and sufficient hard materials, and pave it with 
Aberdeen granite paving, properly dressed and sorted, 8 inches deep and 5 inches 
wide at the top and bottom thereof Tlie whole to be laid with good currents upon 
a layer 4 inches at least in thickness of good rough gravel, the joints of the surface 
to be run with stone lime and river sand grouting. It is to be well rammed, and 
the contractor is to relay, at his own expense, all such parts as may sink within 
eighteen months of the work being completed. 

Where the work is within the bills of mortality, or within a town, specify that a suf- 
ficient hoarding is to be erected for enclosing the premises during the execution of the 
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works, which is to be removed and carried away when they are complete. So, also, 
all shoring is to be provided, if the works be alterations, or the adjoining buildings 
may be injured by carrying them into effect. The shoring is to be performed in a 
safe, scientific, and workmanlike maimer, of the fronts, floors, or otherwise, as the 
case may be. 

2285. Carpenter and Joiner. Where the extent of the works requires a clerk of the 
works : a direction must be given to provide, erect, and maintain, during their per- 
formance, a temporary office for the clerk of the works, with all appurtenances 
complete, with stool, table, and all other requisite furniture. 

All materials requisite for completion of the buildings according to the drawings are 
to be provided by the contractor. The oak is to be of English growth ; the timber 
not specified of oak is to be of the best Dantzic, Riga, or Memel yellow fir. No 
American, Swedish, or Scotch fir to be used in any part of the building. All the 
floors and joiner’s work are, except where otherwise directed, to be of the best 
Christiana deals. The timbers and deals are to be cut square, entirely free from 
sapwood, shakes, large knots, and all other defects. If any part or parts of the 
joiner’s work should shrink or fly within eighteen months from the finishing and 
fixing the same, the contractor is to take down, refix, and make good the same, to- 
gether with all works that may be affected thereby, at his own expense. 

No joists, rafters, or quarters are in any case, unless particularly so directed, to be 
more than 12 inches clear distance from one another. 

To provide and fix, ease, and strike all centering and turning pieces for the vaults, 
arches, trimmers, and other works. Provide all temporary shores that may be ne- 
cessary. Fix all iron-work of every description. Provide and fix all necessary 
templets, linings, blocks, stops, casings, beads, springing fillets, angle staffs, grounds, 
linings, backings, furrings, cappings, and other finishings incident to carpenters’ and 
joiners’ works, together with all necessary grooving, rebating, framing, tonguing, 
housing, beading, mitring, framing, and other workmanship necessary tor completing 
the works. 

To provide good and secure casing for all the stone dressings, to protect the same from 
injury during the execution of the works ; and any accident arising from neglect in 
this respect is to be made good at the expense of the carpenter. 

Bond timber. One tier is generally enough for basement story. 

Two tiers in the other floors, unless very lofty. 

One tier in the upper story. 

4 inches by 2^ inches all around the walls, except where intercepted by the chim- 
neys, to be lapped together, where joints occur, at least 6 inches, and to be pro- 
perly spiked together. Party walls may be bonded with iron hooping, if thought 
proper, for a greater security against fire. 

To find and fix all wood bricks for fixing the finishings to. 

Provide and fix all lintels and filling in lintels that may be necessary to the several 
openings : eacli to be 4 inches high, of the width of the brick work, and 16 inches 
longer than the opening. 

Two small lintels will do if the width of the sofite be considerable, and arches as 
directed in the bricklayer’s work be turned. 

For ground or rather basement fioorsj walls are brought up for receiving oak sleepers, 

5 by 3 inches ; on which fir joists 4* by are generally the scantlings employed 

For other floors. Wall plates 6 by 4 are described. 

Girders - - 'j All which, with their rejjuisite 

Joists of all descriptions, according I scantlings, will be found in 
to the kind of floor - [ Practical Carpentry. ( 2013 , et 

Trimmers and trimming joists J seg-.) 

Cradling to the girders and such parts as may be necessary to form 
panels and coffers on the under side for the ceiling, if such be 
practised. 

Where it is necessary to truss the girders, that must be stated. 

Cock down all girders on the wall plates. Pin bridging joists to binders with |-inch 
oak pins. 

For roofs, wall plates should be at least 6 inches by 6 inches. 

For the different timbers of the several sorts of roofs, the reader will refer to the 
section on Practical Carpentry, where they are described, and scantlings given 
of works that have been executed. (2027, et seq . ) Ceiling joists also to be de- 
scribed. 

To what is there found, we may add, that hips and ridges rounded for lead ought 
to be 1 0 by 2. 
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Where close boarding is used, it should not be less than ^ to an inch thick. If battens 
for slating, they should be inches wide ; the first should be nailed with eightpenny 
nails. Provide lear boards. 

We prefer, on many accounts, and, indeed, ourselves usually adopt, the Italian method 
of laying the rafters horizontally as so many purlines. For the boarding thus lying 
lengthwise towards the gable, any wet that may find its way on to it from defective 
slates or lead, is not apt to lodge against and rot the edges. 

Flats are described with wall plates usually 6 by 6. Trimmers and trimming joists 
against chimneys, and where skylights occur; and IJ inch yellow deal boarding, 
listed, free from sapwood, laid with a current of l^inch to 10 feet lineal, with 21 
drips to heading joints, of lead rolls to longitudinal joints, and inch yellow deal 
risers not less than 4 inches wide next the gutter 

Gutters to the roof or roofs are to be as shown on the plan, with inch yellow deal 
bottoms on strong fir bearers, and laid with a current of 1.1 inches to every 10 
feet ; rebated drips, and at the sides to have ®~inch deal lear boards, 9 inches wide. 
Gutter boards are rarely more than IJ inch thick. 

Gutter plates, if any, to be described, but they should never be used without support 
from below. 

Trim for trap doors, if any, leading to the roof, and provide and fix dormers with all 
necessary framing. 

Cheeks, doors, beaded stops and linings, and ironmongery. Boarding for slating or 
lead to top and checks, as the case may be. 

Dormers may be similarly described for windows in the roof. 

Quartered partitions, where shown on the plan, with heads and sills 4 inches by 4 
inches. Ties above the doors 4 inches by 5 inches. Posts 4 inches by S.i inches. 
Braces or struts 3 inches square. Quarters 4 inches by 2 inches, and three tiers 

of interties, 1 inch by inches. In cases where partitions are to be trussed for 

carrying either their own or some additional weight, reference must be made to 
drawings. 

To put to .... floors (or to the whole if desired) sounding hoarding of |-inch deal, 
chopped and fixed upon fillets to receive the pugging. 

All external walls should be described to be battened. The thickness of tlie battens 
is usually from J-iiich to l]-ineh, their widths 2^ inches, and they are placed 
from 7 to 12 inches apart. If no bond timber to nail them to, plugs must be let 
into the walls. 

Bracketing and cradling is usually, for cornices, cones, &c., inch thick ; for enta- 
blatures, circular sofites, and waggon-headed ceilings, to 2 inches thick. 

AW bearers to be fixed and provided as shall be necessary. 

Weather boarding of the best sort is described as 3-inch yellow deal, wrought, or 
wrought and headed. 

Luffer boarding ouglit to be of I -inch deal, wrought two sides and splayed. 

Warehouse posts must be described with their relation to the weight they are to carry 
(see ^Mechanical Carpentry, 1600, et seq.), the caps to them should be long, so that 
they may not press into the girders, and, if practicable, iron dowels should pass 
through the girders to catch tlie bases of the posts in the floor above. 

In ordinary cases fir story are about 9 inches square. Oak caps 3 feet long, with 
splayed ends 9 by 6. Flools are usually rough, not less than l^inch deal re- 
bated. 

Water trunks are made of sizes from 4 to 6 inches or more square, of ^-inch to 1^-inch 
deal, lliey are always to be described as pitched and fixed complete, with liopper 
heads and shoes, wall hooks, holdfasts, &c. 

Park paling is of the following varieties, and must be described accordingly : 

4- feet oak cleft pales, 2 arris rails and oak posts. 

5- feet oak cleft pales, 2 arris rails and oak posts. 

6- feet oak cleft pales, 3 arris rails and oak posts. 

If there is to be an oak plank at the bottom, and oak capping at top. they must be 
specially mentioned. 

To provide and fix . . . cubic feet of Baltic yellow fir timber, with all labour thereto, 
beyond the quantity necessary for the work herein described, to be used in such 
additional works as may be directed by the architect ; and if the whole or any 
part thereof should not be ordered, the same shall be deducted from the amount 
of the consideration of the contract, after the rate of . . . per foot cube. All ad- 
ditional fir, if any should be ordered, is to be taken at the like price of . . . 
per foot cube. 

The varieties of floors are as follow, each set of thicknesses being enumerated in 
the order of their increasing value. Batten floors are for better rooms. 
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l-inch white deal, rough, with edges shot. 

|-inch white deal, wrought, and laid folding. 

|-inch yellow deal, rough, with edges shot. 

^<inch yellow deal, wrought, and laid folding. 

I'inch white deal batten floor, wrought, and laid folding. 

J-inch yellow deal batten floor, wrought, and laid folding. 

1 -inch white deal, rough edges shot. 

I -inch white deal, wrought, and laid Abiding. 

1-inch white deal, wrought, and laid straight, joint and splayed headings. 

] -inch yellow deal, rough edges shot. 

1-inch yellow deal, wrought, and laid Abiding. 

1-inch yellow deal, wrought, and laid straight, joint and splayed headings. 

1-inch white batten floor, wrought, and laid folding. 

1-inch white deal batten floor, wrought, and laid straight, joint and splayed 
headings. 

l-inch yellow deal batten floor, wrought, ai^ laid folding. 

1- inch yellow deal batten floor, wrought, and laid straight, joint and splayed 
headings. 

IJ-inch white deal, rough edges shot. 

l^inch white deal, wrought, and laid folding. 

l^inch white deal, wrought, straight joint, and splayed headings. 

1^-inch yellow deal, rough edges shot. 

1^-inch yellow deal, wrought, and laid folding, 
l^inch yellow deal, wrought, straight joint, and splayed headings. 
l;|-inch white deal batten floor, straight joint, and splayed headings. 
l^«inch white deal batten floor, straight joint edge nailed, and splayed headings, 
l^inch yellow deal batten floor, straight joint, and splayed headings, 
l^inch yellow deal batten floor, straight joint, edge nailed, and tongued headings. 
1^-inch zcAiVe deal batten floor, edge nailed, and tongued headings, 
l^inch yeUow deal batten floor, edge nailed, and tongued headings, 
l^inch yellow deal batten floor, dowelled with oak dowels, with mitred and glued 
borders. 

l|-inch yelloio deal, clean batten floor, dowelled with oak dowels, with mitred and 
glued borders. 

Warehouse floors are of 
Ij-inch yellow deal, rough edges shot. 

IJ-inch yellow deal, wrought, and laid folding. 

I J-inch ye//oR' deal, wrought, and straight joint, and splayed headings 

2- inch yellow deal, rough edges shot 
2-inch ijellow deal, wrought, and laid folding. 

2-inch yellow deal, wrought, and laid straight, joint and splayed headings. 

All these last may be ploughed, rebated, and feather-tongued. 

The floors of inlaid or parquetry work must form, when to be provided, special sub- 
jects of specification ; they must be described according to drawings, on which arc 
to be marked the different woods to be used in their furmation. 

The varieties of skirtings are classed as under, beginning with the commonest sort : — 
^-inch deal square skirting. 

^inch deal square skirting. 

^inch deal torus skirting, 
l-inch deal square skirting. 

1-inch deal square skirting, rebated, and backed plinth, with fillet nailed to floor, 
l-inch deal torus skirting. 

1 ^-inch deal square skirting. 

1^-inch deal torus skirting. 

IJ-incb deal torus skirting, rebated, and backed plinth, with fillet nailed to floor. 

If any of these, as to stairs for instance, are raking, and to be scribed to stei)s, 
they must be so described, and so if any of them arc to be ramped, and similarly 
if they are to be scribed to moulded nosings, as also if they l>e circular on the 
plan. 

Dados in their varieties are as follow, premising that they are nailed to grounds 
which should be mentioned. 

^-inch deal keyed, 
i-inch deal keyed, 
l^inch deal keyed. 

l^inch deal keyed, ploughed, and tongued. 
l^inch deal keyed, feather-tongued. 
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Scribed to steps, circular on plan, and wreathed, or ramped ; those matters must be 
mentioned. 

Of wainscotting with fascia and skirting, the different kinds are subjoined in the order 
of their quality. 

1 -inch deal, square framed 
1-inch deal, square framed dwarf 
l^inch deal, square framed 

1^-inch deal, square framed, dwarf -The number of panels high to be specified. 

1 j-inch deal, bead butt or moulded 
1^-inch deal, bead butt 
1^-inch deal, bead flush 

When any of these are raking, or to have a beaded or moulded capping, or both or 
either, such must be specified. 

Partitions of deal for the division of rooms are only used in taverns and the like; but 
where they are wanted, as for a mere separation in servants’ rooms, they may be em- 
ployed. Their varieties are — 

1- inch deal board, and braced with 1-inch panels. I m, , ^ . 

li-inch deal, braced with fineh panels. [ 

1^-inch deal, rough, and ledged edges shot. J P y® * 

1^-inch deal, wrought both sides, and ploughed. 

1^-inch deal, wrought both sides, tongued, and beaded. 

l^inch, square framed. 

l|-inch, square framed. 

l^inch, bead butt, moulded, and square. 

IJ-inch, bead flush and square. 

1 ^-inch, moulded on both sides. 

2- inch, square framed. 

2-inch, bead butt or moulded and square. 

2-inch, bead Hush and square. 

2-inch, moulded on both sides. 

2-inch, moulded and bead fiush. 

2-inch, bead fiush and bead butt. 

2-inch, bead 6ush on both sides. 

These, as well as any preceding and following parts of a speciBcation, will, of course, 
have reference to what is wanted in tlie design which it is the architect’s object to 
describe in such specification. 

Grounds. — We have mentioned grounds generally (2166.); but it may be as well 
here to insert their several sorts : for instance, — 

Those of ^inch deal, of I -inch deal, of l{-inch deal, of 1^-inch deal, and whether 
circular; also 1-inch, I J-inch, and JJ-inch skeleton grounds, which it is, perhaps, for 
security against extras, as well as repeat. 

Door cases are usually employed on basement stories, and should be of oak, though 
fir is constantly used for them. They fit into the brickwork, and are usually 
about 5 by 5 inches, and they should be tenoned (the tenon being well pitched 
or set in white lead) into the stone step, on which they ought to be placed ; for 
the sill, into which it is the practice to place them, soon rots, however good the 
material. 

Door linings and their sojites, — These are either plain or framed, the former being 
of the commoner sort, and the latter for better work and places. They may be 
enumerated as follow : — 


1-inch deal, single rebated. 

1-inch deal, double rebated (that is, so that the door may hang on either side). 
l|-inch deal, single rebated, 
l^inch deal, double rebated. 

1 2 - inch deal, single rebated. 
l.^-inch deal, double rebated. 

Either of the foregoing, if to be beaded on the edge, must be so described. Of framed 
linings and sofites for doors there are — 
l|-inch, square framed in one panel and double rebated. 

1^-inch, square framed in one panel and double rebated, bead butt or moulded. 
1^-inch, square framed in one panel and double rebated, bead flush. 

1 .^-inch, square framed in one panel and double rebated. 

l^inch, square framed in one panel and double rebated, bead butt, or moulded. 
1^-inch, square framed in one panel and double rebated, bead flush. 

If the panels in the linings are to be raised, to correspond with panels of doors, they 
must be so described. 
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Framed back linings are as follow : — 

1-inch deal, two panel square. • 

1-inch deal, two panel square, bead butt. 

1-inch deal, three panel square. 

I -inch deal, three panel square, bead butt. 

1-inch deal, four panel square. 

1-inch deal, four panel square, bead butt. 

If there be more than four panels, or they are splayed on the plan, or if bead flush, or 
of a greater thickness, they must be so specified. 

Backs, elbows, and sojites to windows are described as — 

1-inch deal, keyed. 

1-inch deal, keyed, framed square. 
l|-inch deal, framed square. 

1^-inch deal, framed square, moulded, or bead butt. 
l|-inch deal, framed square, bead flush. 

1-^-inch deal, square framed sofite, with one edge circular. "| Applicable to bay win- 
1^-inch deal, square framed sofite, with two edges circular. J dows. 

I^inch deal, square framed sofite, moulded, or bead butt. 

1^-inch deal, framed square. 

l^inch deal, framed square, moulded, or bead butt. 

1^-inch deal, framed square, moulded, or bead flush. 

If any of these are splayed, fancy moulded, and with cappings, w’hen also they are 
circular on the plan, they must be so particularly specified, inasmuch as the price 
is thereby enhanced. 

Boxings for shutters are of the following varieties; — 

1-inch deal, splayed boxings. 

I-inch deal, proper boxings. 
l|-inch deal, splayed boxings. 

1^-inch deal, proper boxings. 

H-inch deal, boxings with circular head. 

1-inch deal, boxings for sliding shutters, with pulley pieces, beads, fillets, and 
grooves, complete. 

l)-inch deal, boxings for sliding shutters, with pulley pieces, beads, fillets, and 
grooves, complete. 

These, if to be double hung, must be so described. 

Window shutters As in the foregoing parts of a specification, we shall proceed from 

the common to the better sorts. 

|-inch deal, ledged or clamped. 

|-inch deal, ledged, or clamped, in two heights. 

1-inch deal, clamped. 

1-inch deal, clamped in two heights. 

I-inch deal, clamped in two heights, one panel, bead butt, and square. 

1-inch deal, clamped in two heights, one panel, bead flush, and sejuare. 

1-inch deal, clamped in two heights, one panel, bead flush, and bead butt, 

l-^-inch deal, two panels square. 

1 J-inch deal, two panels square, in two heights. 

I^-inch deal, two panels square, in two heights, moulded, or bead butt, and square, 
l^inch deal, two panels square, in two heights, bead flush, and square. 

1 i-inch deal, two panels square, in two heights, bead flush, and bead butt. 

These may be described of 1^-inch deal ; but the back flaps need not be more than one 
inch, and the additional panels in height, projecting mouldings, if any, and other 
variations from the general description, must be mentioned. 

Sliding shutters are to be described in their varieties, as follow : — 
l-inch deal, two panels square, hung with lines and weights. 

1^-inch deal, two panels square, hung with lines and weights, 
l^inch deal, bead butt and square, hung with lines and weights, 
l^-inch deal, bead flush and square, hung with lines and weights, 
l^inch deal, bead butt and moulded, hung with lines and weights. 

1^-inch deal, bead flush and bead butt, hung with lines and weights. 

These, if of IJ-inch deal, and if more panels in height, must be so described ; so also if 
they are circular on the plan ; and if patent lines are to be used for the hanging, 
they must be mentioned. 

Outside shutters, now rarely used, even in the provinces, except for shop fronts, must 
be mentioned, to make our description complete ; they are of 
l^inch deal, three panels, bead butt and square. 

1 |-inch deal, three panels bead flush and square. 
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J^-inch deal, three panels, bead flush and bead butt. 

1^-inch deal, three panels, bead flush ou4>oth sides, 
li-inch deal, three panels, bead butt and square. 

J t-inch deal, three panels, bead flush and square, 
l^inch deal, three panels, bead flush and l>ead butt. 

If these are circular on the plan, or contain more than three panels in height, the 
specification must so state. 

Staircases are described as under, beginning with the commonest. 

1-inch yellow deal, steps, risers, and carriages. 

1 |-iiich deal, steps, inch risers, and carriage. 

1 |-inch deal, steps and risers glued up and blocked to close string moulded nosings, 
and two fir carriages. 

1- [-inch deal, steps and risers mitred to cut string, and dovetailed to balusters, 
l^inch deal, steps to winders, mitred to cut string, and dovetailed to balusters, one 

end circular. 

l^inch deal, steps to winders, mitred to cut string, and dovetailed to balusters, both 
ends circular. 

If the risers are to be tongued to the steps, if feather jointed, or if of clean deal, such 
must be stated in the specification, 
l.^-inch deal, wrought steps, risers, and strong carriage. 

2- ineh deal, wrought steps, risers, and strong carriage. 

l^inch oak, treads and risers mitred to string and dovetailed with fir carriage (with 
solid quarter ends to steps if required), also curtailed step and riser (2187, etseq.), 
returned moulded and mitred nosings, circular, if necessary, with cut plain (and 
circular) brackets. 

Housings to ends of steps and winders, and the same to moulded nosings and circular 
ends, are to be specified. 

String hoards to staircases to receive the ceilings of stairs (or strings as they are 
called), are — 

1-inch deal, framed. 

1-inch deal, framed, rebated, and beaded, 
l^-inch deal, framed string board. 

1^-iiich deal, framed string board, sunk and beaded. 

1^-inch deal, framed string board, sunk, beaded, and moulded. 

J^inch deal, framed string board, sunk, beaded, moulded, and mitred to risers. 
IJ-inch deal, wreathed outside, string glued upright, rebated, and beaded, 
l^-incli deal, wreathed outside, string glued upright, rebated, beaded, and sunk. 
1^-inch deal, wreathed outside, string glued upright, rebated, beaded, sunk, and 
moulded. 

If the string is to be glued up in thicknesses, that must be specified, as also all plain 
or moulded circular cuttings or ramps. 

1- inch deal, plain wall string. 

1 ‘-inch deal, plain wall string, 
li-inch deal, plain wall string. 

2- inch deal, plain wall string. 

If moulded, to be so described. 

Handrails to staircases are described as — 

1^-inch deal, plain wreathed. 

1 J,-inch deal, plain wreathed. 

2- inch deal, plain wreathed. 

If moulded, state so. 

Deal moulded 2^-inch handrail. 

Deal moulded 2,^-inch handrail, ramped (or circular where required). 

Deal moulded 2^-inch handrail, wreathed and twisted. 

Honduras mahogany or wainscot moulded handrail. To be described if necessary 
with ramps, circular and twist, or with scroll and twist to the curtail step. 
Spanish mahogany handrail is also similarly described. 

If grooved for balusters, circular, or sunk for iron cores, mitred and turned caps, sucli 
to be mentioned. 

Balusters and newels are described — 

Deal square framed newels. 

Deal square framed newels, chamfered. 

Single and double turnings to newels to be mentioned, as also pendent drops, when 
used. 

Deal square bar balusters. 

Deal square bar balusters, dovetailed. 
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Turned balusters according to drawing, when necessary. 

Planceer rounded on both edges, or«moulded, as the case may be. 

Fix all iron balusters and stays. 

Sash frames are of great variety, whereof the following is a list : • — 

Deal cased frame for 1 ^-inch sashes, oak sunk sill with brass pulleys for single 
hanging. 

Ditto, for double hanging. 

Ditto, ditto, with circular head. 

Ditto, circular on plan (and with circular head, when required). 

Deal cased frames for 2-inch sashes, oak sunk sills with brass pulleys prepared for 
single hanging. 

Ditto, prepared for double hanging. 

If circular on head and plan, or either, such to be specified. 

Deal-cased frames for 2-inch sashes, oak sunk sills with wainscot pulley pieces 
and beads, brass axle pulleys prepared to hang double. 

If circular on bead and plan, or either, such to be specified. 

Deal cased frames for 2-inch sashes, oak sunk sills, mahogany pulley pieces and 
beads with brass axle pulleys, prepared to hang double. 

Tlie same description holds for 2^-inch sashes. 

If, as before, circular on head and plan, or either, such to be mentioned. 

Venetian frames are described as — 

Deal cased frames for 1 ^inch sashes, oak sunk sills, and prepared to hang single 
or double, as the case may be. 

If circular on plan and head, or either, specify the same. 

The above description for 1^-inch serves also for 2-inch and 2^-inch sashes. 

If wainscot or mahogany, they must be so described. 

Casement frames for French casements : — 

Fir solid wrought frames for I.^inch French casements, with oak sunk sills (plain 
or circular on the plan, as the case may be). 

Fir solid wrought frames for 2-inch French casements and oak sunk sills (as 
before). 

Fir solid wrought frames for 2-inch French casements and oak sunk sills (as 
before), with wainscot or mahogany styles and beads as may be correspondent 
with the sashes. 

The same for 2^inch sashes. 

Fanlight frames over doors, which have nearly lost their employment from square 
lights having superseded them, are of — 

l^-inch deal frames, square framed. 

Ditto, semicircular head. 

2-inch deal, square framed. 

Ditto, semicircular head. 

If elliptical, so describe them. 

Sashes are to be described as follows : — 

li-inch deal ovolo (describe whether with circular head or circular on plan, if so). 

2-inch deal ovolo (ditto). 

2-inch deal astrag^ and hollow (ditto). 

2^inch deal astragal and hollow (ditto). 

The above, if of wainscot, Honduras or Spanish mahogany, are to be so described, 
as also that they are to be hung single or double, as the case may be, with patent 
lines and iron weights, and patent sash-fostenings complete. 

French casements are usually decribed as follows : — 

2-inch deal ovolo casements. If with marginal lights or circular on plan, or both, 
describe them so ; or if with astragal and hollow. 

The same of 2^-inch, with the same modifications as in preceding article. 

If either of the above be of wainscot, Honduras or Spanish mahogany, let them be so 
described. 

It is usual to describe with these the hanging, which is commonly with 4-inch iron 
or brass butt hinges, and the species of fastening which it is common to place, at 
a sum varying from five to twenty shillings. When the turning Espaniolettc 
fastenings are used, they must be particularly specified. 

Shop-window sashes vary so much that .we shall merely observe of their thicknesses, 
they are from IJ to inches, and in the present extravagant rage for novelty 

among tradesmen, there is no end to the forms of their horizontal sections ; 

nothing, however outre, would be coiteidered too extravagant for these people, and 
all that we can do is to say that, after describing their thickness, they are to be 
executed according to the drawings. In subjects of this kind, too, the stall 
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hoard, and other fittings of the like nature, are to be specified in all, whereof the 
best way is to describe with reference tb such drawings. 

Friezes and cradling for cornices should always be referred to drawings, specifying 
generally their height. 

Skylights, now usually made of metal ; but if not, describe as follows : — 
l^inch deal ovolo skylight (if hipped, and with cross bars, state such). 

2-inch deal ditto (ditto). 

2|-inch ditto (ditto). 

If astragal and hollow, or if of oak, such to be specified. 

Kerbs for skylights are to be described — 

l^inch deal kerbs to circular skylights in two thicknesses, bevelled and chamfered. 
2-inch ditto ditto. 

2i-inch ditto ditto. 

If elliptical, to be so specified. 

Doors we shall, as in the preceding articles, describe, beginning with the commonest 
sort, for out-houses and the like. 

|-inch ledged wrought deal door. 

Ditto, ploughed, tongued, and beaded. 

1- inch wrought deal ledged ditto. 

Ditto, ploughed, tongued, and beaded. 
l|-inch wrought deal ledged ditto. 

Ditto, ploughed, tongued, and beaded. 

1^-inch and 2-inch deal ledged doors are similarly described. 

TTiese doors may be hung with or cross garnet hinges or with butt hinges, and 
with bolts, locks, latches, and other fastening, as the case may require. External 
doors with 4-inch butts, if that be the sort used, and internal ones with Sj-inch 
butts. 

Gates and coach-house doors are specified as — 

2- inch deal, framed and braced, filled in with 2-inch deal, and ploughed, tongued, 
and beaded. 

The same, filled in with battens. 

2^-inch deal, framed and braced, filled in with 1-inch deal, ploughed, tongued, and 
beaded. 

Ditto, filled in with battens. 

If filled in with whole deal, it must be so specified. 

2-inch deal bead butt and square gates, in eight panels. 

2-mch deal bead butt and square gates, beadfiush and square. 

2-inch deal bead butt and square gates, bead flush on both sides. 

If with more panels, or framed with a wicket, such must be specified. 

The hanging of gates, and their hinges and fastenings, may be inserted according to 
the occasion of the work, at from 10/. to 15/. or even 20/., which may be declared 
in the specification as to the value at which they are to be provided. 

1-inch deal 1 -panel square doors. 

1-inch deal 1-panel square doors, folding. 

The above are rarely used : we shall now, therefore, proceed by the number of panels, 
up to 6-panel doors, beyond which they are to be so particularly specified, or 
with reference to drawings, 
l^inch, 2 panels, square. 

1 ^inch, 2 panels, bead butt and square, 
l^incb, 2 panels, bead flush and square, 
l^incb, 2 panels, moulded and square, 
l^inch, 2 panels, bead butt on both sides, 
l^inch, 2 panels, bead butt and bead flush, 
l^inch, 2 panels, bead butt and moulded, 
l^inch, 2 panels, bead flush on both sides. 
l|-inch, 2 panels, bead flush and moulded, 
l^inch, 2 panels, moulded on both sides. 

When hung folding, to be so specified. 

I^inch deal, 2 panels, square, 
l^inch deal, 2 panels, bead butt and square. 
l|-inch deal, 2 panels, bead flush and square, 
l^inch deal, 2 panels, moulded and square. 

1^-inch deal, 2 panels, bead butt on both sides. 

1 ^inch deal, 2 panels, bead butt and bead flush, 
l^inch deal, 2 panels, bead butt and moulded. 

1 J-inch deal, 2 panels, bead flush on both sides. 

Rr 
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Hoinch deal, 2 panels, bead flush and moulded. 
l|>inch deal, 2 panels, moulded on both sides. 

2-inch deal, 2 panels, square. 

2-inch deal, 2 panels, bead butt and square. 

2-inch deal, 2 panels, bead flush and square. 

2-inch deal, 2 panels, moulded and square. 

2-inch deal, 2 panels, bead butt on both sides. 

2-inch deal, 2 panels, bead butt and bead flush. 

2-inch deal, 2 panels, bead butt and moulded. 

2-inch deal, 2 panels, bead flush on both sides. 

2-inch deal, 2 panels, bead flush and moulded. 

2-inch de^l, 2 panels, moulded on both sides. 

2^inch deal, 2 panels, square. 

2^inch deal, 2 panels, bead butt and square. 

2^inch deal, 2 panels, bead flush and square. 

2^mch deal, 2 panels, moulded and square. 

2^inch deal, 2 panels, bead butt on both sides. 

2|>inch deal, 2 panels, bead butt and bead flush 
2^inch deal, 2 panels, bead butt and moulded. 

2^inch deal, 2 panels, bead flush on both sides. 

2^inch deal, 2 panels, bead flush and moulded. 

2^inch deal, 2 panels, moulded on both sides. 

All these, as well as the following, must be specified as to be hung folding. If the 
nature of the work so requires. 

1 {-inch deal, 4 panels, square. 

1 {-inch deal, 4 panels, bead butt and square. 
l{-inch deal, 4 panels, bead flush and square. 
l{-inch deal, 4 panels, moulded and square. 
l|-inch deal, 4 panels, bead butt on both sides. 
l{-inch deal, 4 panels, bead butt and head flush 
l{-inch deal, 4 panels, bead butt and moulded. 
l{-inch deal, 4 panels, bead flush on both sides. 
l{-inch deal, 4 panels, bead flush and moulded. 
i{-inch deal, 4 panels, moulded on both sides. 

2-inch deal, 4 panels, square. 

2-inch deal, 4 panels, bead butt and square. 

2-inch deal, 4 panels, bead flush and square. 

2-inch deal, 4 panels, moulded and square. 

2-inch deal, 4 panels, bead butt on both sides. 

2-inch deal, 4 panels, bead butt and bead flush. 

2-inch deal, 4 panels, bead butt and moulded. 

2-inch deal, 4 panels, bead flush on both sides. 

2-inch deal, 4 panels, bead flush and moulded. 

2 'inch deal, 4 panels, moulded on both sides. 

2{-inch deal, 4 panels, square. 

2{-inch deal, 4 panels, bead butt and square. 

2{-inch deal, 4 panels, bead flush and square. 

2{-inch deal, 4 panels, moulded and square. 

2{-inch deal, 4 panels, square, beat butt on both sides. 

2{-inch deal, 4 panels, square, bead butt and bead flush. 

2{-inch deal, 4 panels, square, bead butt and moulded. 

2{-inch deal, 4 panels, square, bead flush on both sides. 

2{-inch deal, 4 panels, square, bead flush and moulded. 

2{-inch deal, 4 panels, square, moulded on both sides. 
l{-inch deal, 6 panels, square. 
l{-inch deal, 6 panels, bead butt and square. 
l|-mch deal, 6 panels, bead flush and square, 
l^inch deal, 6 panels, moulded and square. 
l{-inch deal, 6 panels, bead butt on both sides. 
l{-inch deal, 6 panels, bead butt and bead flush. 
l{-inch deal, 6 panels, bead butt and moulded. 
l{-mch deal, 6 panels, bead flush on both sides. 
l{-inch deal, 6 panels, bead flush and moulded. 

1 {-inch deal, 6 panels, moulded on both sides. 

If the panels of i{-inch doors are raised, or if double marginal doors, so describe 
them. 
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Wainscot doors are usually as follow : — 
l^inch wainscot, 2 panels, square. 

IJ-inch wainscot, 2 panels, bead flush and square, 
l^inch wainscot, 2 panels, moulded and square, 
l^inch wainscot, 2 panels, bead flush on both sides. 

] |-inch wainscot, 2 panels, bead flush and moulded. 

2-inch wainscot, 2 panels, square. 

2-inch-wainscot, 2 panels, bead flush and square. 

2-inch wainscot, 2 panels, moulded and square. 

2-inch wainscot, 2 panels, bead flush on both sides. 

2-inch wainscot, 2 panels, bead flush and moulded. 

2^inch wainscot, 2 panels, square. 

2^inch wainscot, 2 panels, bead flush and square. 

2^-inch wainscot, 2 panels, moulded and square. 

2^inch wainscot, 2 panels, bead flush on both sides. 

2^1nch wainscot, 2 panels, bead flush and moulded. 

11-inch wainscot, 4 panels, square. 

l^inch wainscot, 4 panels, bead flush and square. 

1^-inch wainscot, 4 panels, moulded and square. 

11-inch wainscot, 4 panels, bead flush both on sides, 
l^inch wainscot, 4 panels, bead flush and moulded, 
l^inch wainscot, 4 panels, moulded on both sides. 

2-inch wainscot, 4 panels, square. 

2-inch wainscot, 4 panels, bead flush and square. 

2-inch wainscot, 4 panels, moulded and square. 

2-inch wainscot, 4 panels, bead flush on both sides. 

2-inch wainscot, 4 panels, bead flush and moulded. 

2-inch wainscot, 4 panels, moulded both on sides- 
2|-inch wainscot, 4 panels, square. 

2^inch wainscot, 4 panels, bead flush and square. 

2j-inch wainscot, 4 panels, moulded and square. 

2|-inch wainscot, 4 panels, bead flush on both sides. 

2^inch wainscot, 4 panels, bead flush and moulded. 

2j-inch wainscot, 4 panels, moulded on both sides. 

2-inch wainscot, 6 panels, square. 

2-inch wainscot, 6 panels, bead flush and square. 

2-inch wainscot, 6 panels, moulded and square. 

2-inch wainscot, 6 panels, bead flush on both sides. 

2-inch wainscot, 6 panels, bead flush and moulded 
2-inch wainscot, 6 panels, moulded on both sides. 

2^inch wainscot, 6 panels, square. 

2|-inch wainscot, 6 panels, bead flush and square. 

2^inch wainscot, 6 panels, moulded and square. 

2^inch wainscot, 6 panels, bead flush on both sides. 

2^inch wainscot, 6 panels, bead flush and moulded. 

2^inch wainscot, 6 panels, moulded on both sides. 

2-inch wainscot sash-doors, with diminished stiles, lower panel moulded, bead flush, 
with astragal and hollow sash. 

2-inch wainscot sash-doors, with diminished stiles, lower panel moulded, bead flush, 
with astragal and hollow sash, moulded on both sides. 

2^inch wainscot sash-doors, diminished stiles, lower panels moulded, and bead flush, 
with astragal and hollow sash. 

2J-inch wainscot sash-doors, diminished stiles, lower panels moulded, and bead flush, 
with astragal and hollow sash, moulded on both sides. 

If any of these are to be hung folding, double margined, or moulded on the raising, 
such must be specified. 

Mahogany doors as follows ; — 

2-inch Honduras mahogany doors, 2 panels, moulded and square. 

2-inch Honduras mahogany doors, 2 panels, moulded on both sides. 

2-inch Honduras mahogany doors, 4 panels, moulded and square. 

2-inch Honduras mahogany doors, 4 panels, moulded on both sides. 

2-inch Honduras mahogany doors, 6 panels, moulded and square. 

2-inch Honduras mahogany doors, 6 panels, moulded on both sides. 

2^mch Honduras mahogany doors, 4 panels, moulded and square. 

2^inch Honduras mahogany doors, 4 panels, moulded on both sides. 

2^inch Honduras mahogany doors, 6 panels, moulded and square. 
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2i-inch Honduras mahogany doors, 6 panels, moulded on both sides. 

If any of these are hung folding, with projecting mouldings, or with double margins, 
it must be so specified. The last set of doors, if required to be of a better descrip- 
tion, may be specified of the best Spanish mahogany 

2-inch Honduras mahogany sash-door, astragal and hollow bottom, panel moulded 
and square. 

2-inch Honduras mahogany sash-door, astragal and hollow bottom, panel moulded 
on both sides. 

2t-inch Honduras mahogany sash-door, astragal and hollow bottom, panel moulded 
and square. 

' 2^-inch Honduras mahogany sash-door, astragal and hollow bottom, panel moulded 
on both sides. 

If hung folding, or with double margin, or diminished stiles, to be so specified. 
External doors are of varieties, as follow : — 

2-inch deal, 4 panels, the lower panels bead butt and square, and the upper panels 
square both sides. 

2-inch deal, 4 panels, the lower panels bead butt and square, and the upper panels 
bead butt on the back. 

2-inch deal, 4 panels, the lower panels bead butt and square, and the upper panels 
bead flush on the back. 

If the panels have raised mouldings, specify them. 

2|-inch deal, 4 panels, the lower panels bead butt and square, upper panels square 
on both sides. 

2^-inch deal, 4 panels square, bead butt on the back. 

2|-inch deal, 4 panels square, bead flush on the back. 

Specify raised mouldings, if any. 

2-inch deal, 6 panels, lower panels bead butt and square, upper panels square both 
sides. 

2-inch deal, 6 panels, lower panels bead butt and square, upper panels square, bead 
butt on the back. 

Specify raised mouldings, if any. 

2^-inch deal, 6 panels, the lower panels bead butt and square, and the upper panels 
square both sides. 

2J-inch deal, 6 panels, the lower panels bead butt and square, and the upper panels 
square, bead butt on the back. 

2J-inch deal, 6 panels, the lower panels bead butt and square, and the upper panels 
square, bead flush on the back. 

If with raised mouldings, so describe them ; also, if double margined, &c. 

Any of these external doors, if hung folding, or with circular or curved heads, must 
be so specified. 

Sash doors are of the following varieties : — 

l^inch deal, 2 panels, square, diminished stiles, and ovolo sash, 
l^inch deal, 2 panels, bead butt and square, diminished stiles, and ovolo sash, 
l^inch deal, 2 panels, bead flush and square, diminished stiles, and ovolo sash, 
l^inch deal, 2 panels, moulded and square, diminished stiles, and ovolo sash. 
lt.inch deal, 2 panels, moulded and bead butt, diminished stiles, and ovolo sash. 
11-inch deal, 2 panels, moulded and bead flush, diminished stiles, and ovolo sash, 
l^inch deal, 2 panels, moulded on both sides, diminished stiles, and ovolo sash. 
2-incb deal, 2 panels square, diminished stiles, and ovolo sash. 

2-inch deal, 2 panels, bead butt and square, diminished stiles, and ovolo sash. 

2-inch deal, 2 panels, bead flush and square, diminished stiles, and ovolo sash. 

2-inch deal, 2 panels, moulded and square, diminished stiles, and ovolo sash. 

2-inch deal, 2 panels, moulded and bead butt, diminished stiles, and ovolo sash. 
2-inch deal, 2 panels, moulded and bead flush, diminished stiles, and ovolo sash. 
2-inch deal, 2 panels, moulded on both sides, diminished stiles, and ovolo sash. 
2i-inch deal, 2 panels, square, with diminished stiles, and ovolo sash. 

2^inch deal, 2 panels, bead butt and square, diminished stiles, and ovolo sash. 
2J^inch deal, 2 panels, head flush and square, diminished stiles, and ovolo sash. 
2^inch deal, 2 panels, moulded and square, diminished stiles, and ovolo sash. 

2^inch deal, 2 panels, moulded and bead butt, diminished stiles, and ovolo sash. 
2^inch deal, 2 panels, moulded and bead flush, diminished stiles, and ovolo sash. 
2^inch deal, 2 panels, moulded on both sides, diminished stiles, and ovolo sash. 

If hung folding, or with marginal lights, to be so described. 

It is the practice in describing joiner’s work, to specify the ironmongery used with 
it, that is, the hinges, locks, fastenings, and fiimiture ; and we have accordingly men- 
tioned the hanging and fastening of common doors, and gates, and coach-house doors 
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Common framed 4-panel doors are usually hung with Scinch butts and 7-inch 
iron rim stock locks. Better doors are hung with 4-inch iron or brass butts, mortice 
locks and brass nob furniture. Folding doors, if heavy, should have 4^ or 5-inch brass 
butts, and if necessary to clear mouldings, they should be hung with projecting bra'.s 
butts, and should moreover be provided with flush and other bolts, and mortice locks 
and furniture. Doors of dining, drawing, and other rooms, where they are required to 
clear the carpet by rising as they open, should have 4 or 4-*-inch rising joint butts. 
For closet doors, 3^-inch butts are usually described with brass tumbler locks and 
keys. External doors require the provision of larger locks, which are usually iron rim 
locks with 10 or 12-inch bright rod bolts, chains, staples, &c. Shutters when hung 
are with butts, which for the back flaps are of a less size, and spring bar fastenings 
should be specified to them. Brass nobs to the front flaps. 

Moulded architraves to doors and windows are described by their width. 

Columns and pilasters are usually described — 

l^inch deal diminished columns, . . . inches diameter, 
l^inch deal diminished columns, . . . inches diameter. 

Pilasters similarly specified. Both one and the other to be glued up and blocked. 

If fluted, to be mentioned ; as also necking grooves to columns. Caps and bases 
according to the order, carved or of papier mach^, as the expense will allow. 
Entablatures got out of deal, as per drawing, provide glued, blocked, and fixed with all 
necessary brackets and grounds. 

Water-closets are fitted up with 1-inch clean deal (wainscot or mahogany), scats, risers, 
and clamped flaps, square skirtings, all requisite bearers and pipe-casing ; and the 
joiner is to attend on the plumber while fixing the basins and other work. Privies 
are described as to seats and risers the same as water-closets. 

Cisterns^ internal and external, must have their cistern cases proportioned in thickness 
to their sizes ; thus one about 3 or 3 feet 6 inches long, and 2 feet 9 inches deep, will do 
on IJ-inch deal dovetailed* it should be described with requisite bearers, and a cover 
of ^-inch deal with a wood handle. For a good-sized external cistern, wc should spe- 
cify, provide and fix a wrought and dovetailed 2-inch deal cistern case, . . . feet long, 
. . . feet wide, and . , . feet deep in the clear. Find and fix all necessary bearers for 
the same, together with all other requisite fittings, and further provide a |-inch deal 
strongly ledged cover, with saddle-back fillets and water channels at each joint, as 
shall be directed. 

Cisterns for water-closets. 

Each to have cistern cases of 2-inch deal capable of containing 36 cubic feet of 
water, fixed with strong bearers and ledged covers of ^-inch yellow deal tongued 
and beaded. 

Sinks, describe as under, when wooden ones lined with lead are used. 

I^inch dovetailed sink, enclosed with l^inch deal square-framed front, and door 
hung with S-inch butts and other necessary ironmongery. 

Warm hath. 

To be fitted up (of the best Spanish mahogany) with riser, frame, and clamped flap, 
provided and fixed with all requisite bearers and other sittings and appurtenances. 
The flap to be moulded in front, and hung with S.Viuch butt hinges, and the riser 
panelled and moulded as shown iu the drawings. 

Dressers. The following is a specification for a good house. 

Provide and fix a dresser in the kitchen, of 2-inch deal, with cross-tongued top 10 
feet long and 2 feet 9 inches wide, supported on strong framed legs and bearers. 
1-inch deal pot-board and bearers. Six IJ-iiichsunk shelves, whose widths are to 
average 7 inches. Back of the shelves to be of 1-inch deal, wrought, beaded, 
grooved, and cross-tongued. 1 - inch deal top, 1 4 inches wide, with moulded cornice. 
Five drawers with bottoms and dovetailed rims of |-inch deal. The fronts to be of 
1-inch deal, beaded. A brass drop handle and a good patent tumbler lock to each 
drawer, together with all slides, runners, bearers, and other requisite appurtenances. 
Dresser top for scullery, Ij-inch clean deal, 2 feet 6 inches wide and 6 feet long, cross- 
tongued and fixed upon strong wrought and framed legs and bearers. 

Plate-rack for scullery to be provided over the sink, and of the same length. Sink as 
above described. 

Spit-rack to be proviaed over the kitchen chimney, or other convenient place, as may 
be directed. 

Dwarf closets, if any are used, may be of 1-inch deal, square framed and moulded in 
front, the doors to be hung with 2l-inch butts and to have tumbler locks. 

Pipe casings, wrought and framed, to be provided where necessary, to hide lead pipes 
of all descriptions and fronts to unscrew for coming at the pipes in case of defects 
therein. 
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Fittings for larder, as follow : — 

Provide a clean deal dresser top, 1 J inch thick, 2 feet 6 inches wide, and . . . feet 
long, to be feather-tongued and hxed on strong framed legs and rails. Two meat 
rails, 6 feet long, of wrought fir, 3| by 2 inches, suspended from wrought iron 
stirrups. Provide also a hanging shelf, 6 feet long, 10 inches wide, and 1^ inch 
thick, to be similarly suspended by wrought iron stirrups. 

Laundry to be fitted up with 1 ^inch clean white deal washing troughs, wrought two 
sides, and splayed and put together with white lead, as shown on drawing. 1 ^inch 
deal ironing board, wrought both sides and clamped, properly hung with hinges to 
a hanging stile. Provide two clothes racks, hung with puUies and ropes to the 
ceiling to raise and lower the same. 

Dust bin, with proper slides, where shown on the plan, to contain 30 feet cube, the 
whole to be of oak. 

Arris gutters to eaves should never be of wood ; zinc or copper are better materials, 
and we do not therefore think it necessary to describe them. 

Fittings to shops are so various that no general description can be given. They must 
be referred to drawings, and on them the specification should be written. So of 
shop fronts. 

Stable fittings are specified as follow : — 

Mangers, §*c. 2-inch deal bottoms and l^inch deal sides. Wrought oak manger- 
rails, 4 by 3 inches. Wrought, rebated, and rounded oak manger post, 6 by 4 
inches, wrought and framed with bearers thereto. Oak heel-posts, wrought, 6 by 
5 inches, and groove for partitions. Oak top rails, 5 by 4 inches, grooved and 
rounded at the top. Oak bottom rails, wrought, 4 by 4 inches, grooved and arris 
rounded off. l^inch deal partitions, wrought on both sides, ploughed, tongued, 
and headed. 1 ^inch deal rails on each side, board wide, and the arrisses rounded 
off. 

Fronts to hay-racks. Oak standard, 4 by 4 inches, wrought and framed into oak 
bearer under the manger. 1 J inch deal fronts framed for the reception of cast-iron 
hay-racks well secured- Fix fir bearers and 1-inch deal partitions at each end of 
hay-racks, with fir arris rails 3 inches apart at the bottom of each rack. 

Dressings over stalls connected with heel-posts. 1 -inch deal frieze, wrought joints, 
feather-tongued, and backings thereto, segmental sofites and keystone in centre of 
arches. Impost moulding at the springings and moulded cornice to girt about 
10 inches. 

Line the walls to the height of 5 feet with 1-inch yellow deal, wrought, ploughed, 
tongued, and beaded, with a |-inch beaded capping thereon. 

Churches. To give general directions for the specification of a church would be impossible. 
The principles of its timbering may be collected from what has preceded. Pewing is 
executed as planned on the drawings, of whole deal (generally) square-framed 
partitions two panels high; l^inch framed doors and enclosures one or two panels high, 
with stiles, munnions, and top rails 3 inches wide, and bottom rails 6 inches wide. 
The panels of the doors and enclosures should not be more than a board in width, and 
the framework round them chamfered. The doors are hung with 3-inch butt hinges, 
and should have brass nob pulpit latches. Capping to the whole of the pewing, 
grooved and moulded according to drawing. Pew fittings are, l^inch wrought and 
rounded seats 1 2 inches wide, with proper bearers and 1 ^inch cut brackets not more 
than 3 feet apart. Seats rounded next the pew doors. Flap-seats in the galleries to 
have strong joints. All the pews to have ^inch book boards 6 inches wide, with i-inch 
rounded capping bearers, and ^inch cut brackets thereunder, not more than 2 feet 6 
inches apart, and the ends rounded next the pew doors. If there be an organ, its 
enclosure and the free seats adjoining it should correspond with the pew enclosures. 
Free seats of l^inch deal, as shown in the drawings. The seats to be II inches wide, 
rounded in front. Backs framed with stiles, munnions, and rails, Sj inches wide, and 
the standards, ends, and bearers, according to the drawings. Children's seats to be of 1^ 
inch deal, with brackets s^e thickness, not more than 2 feet 6 inches apart ; at least 
8 inches wide, and the flap seats, where they occur, to be hung with strong butts. 
Pulpits and reading desks axe \xsxLdl\g of l}-inch deal, framed according to drawings, with 
1 j-inch doors, hung with brass hinges and pulpit latches. Whole deal floors on bearers, 
1 -inch book boards, cappings and bearers. 1 -inch clean deal or wainscot steps and risers, 
moulded returned nosings, 1 Jinch, beaded, sunk and cut string boards, strong bracketed 
carriages. 1-inch square framed sofite under pulpit floor and stairs, mahogany or wain- 
scot moulded handrml, with caps turned and mitred; square bar balusters with one in 
ten of iron ; turned newels to block steps ; seats of 1 {-inch deal, 1 3 inches wide, and 
proper bearers thereto, together with all appurtenances and requisite fittings for exe- 
cuting the drawings. 
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Carpenter, and Joiner. 

The carpenter and joiner is to provide all such jobbing work, in following or 

preceding the other artificers engaged on the works and their appurtenances, as may 

be requisite for the completion thereof in every respect, without any extra charge. 

2286. Founder, Smith, AND Ironmonger. For describing cast iron girders and columns, 
reference must be had to Chap. II. Sect- V. (1753, et seq.), wherein will be found 
the method of determining their scantlings — for which no rule can be given that is 
not dependent on the results there laid down. Having determined the weight to be 
borne, no girder (and such should be inserted in the specification) should be allowed 
to be used, that has not been previously tested by weighing it at the foundery. 

Cast iron cradles are sometimes used for openings, which must be described for the 
particular occasions as they occur. 

Chimney bars are described usually as follows : — 

Provide and fix to kitchen chimney two wrought iron cradle bars, each 2 inches wide 
and ^inch thick, long enough to extend to the outside of the chimney jambs, and 
turned up and down at each end. The other chimneys are to have wrought iron 
chimney bars 3 inches wide and t inch thick. 

Straps^ stirrup irons, nuts, bolts, screws, and washers, together with all other wrought 
iron work for the roofs and partitions, to be provided, as may be requisite for tying 
in and securing all carpentry, and the smith is to deliver to and assist the carpenter 
in fixing or attaching the same. 

Where the quantity is uncertain, a given weight beyond the above general direction 
should be provided in the contract, such part thereof as may not be wanted to be 
deducted from the accounts after the rate of . . . per cwt. 

Provide all necessary cramps of cast and wrought iron, as may be directed, for the 
mason, the former to be used where the works are exposed to the air. 

Wrought iron doors to be provided for strong room (or if opening in a party wall), 
folding, and of the best quality, as shown in drawing ; with hinges and proper 
fastenings, of the value at least of 251. 

If cast iron sashes are used in any part of a building, they are to be provided with 
reference to drawings. 

Wedges for underpinning must be described with reference to the thickness of walls 
they are to catch : each pair must be at least as long as the wall is thick. 

Balusters to a back stone staircase and landings are described 

Wrought iron balusters, ^ inch square, with turned wrought iron newel equal to 
inch diameter, with rounded handrail of wrought iron 1-J !)y ^ inch. The balusters 
and newel are to be riveted into the handrail at top, and at the bottom let into 
the stone work and run with lead. 

Balusters to a principal staircase are described — 

Ornamental cast iron balusters, as shown on the drawings, with top rail of 
wrought iron IJ by J an inch, let into and firmly screwed to the mahogany (or 
waii^ot) handrail. The balusters and newels are to be riveted into the iron rail, 
and at the bottom they are to be let into the stonework and run with lead 

Balusters of wrought iron to be provided for strengthening the principal staircase when 
not of stone. Every tenth baluster to be of wrought iron, properly fastened. 
Provide and fix . . . knockers for , , . doors to ... . 

Air bricks o( cast iron to be provided and fixed in the brickwork for the ventilation of 
the floors. 

Air gratings, ... in number, to be provided, 9 inches square, and fixed round the 
lower part of the walls of the house. 

Area gratings, ... to each area (if any there be), to be prepared and fixed of cast iron, 
with bars 1^ inch by ^ of an inch, and not more than Ji inch apart. Frames 
1^ inch by 1 inch, and with strong flanges to let into the surrounding stone- work. 

Window guards of wrought iron to the window's of ... , and . . . bars to be 1 inch 
square and 4 inches apart, with framework of iron of the same substance securely 
fixed to the brickwork. 

Cast iron rain-water pipe, for a large size stack, is described — 

6 inches diameter, to lead from the roof down into the drain, with head and shoe 
complete. 

Coal plates (if more than one) of cast iron, with proper fastenings to be fixed over the 
coal shoot. 

Cast iron ornamental tailing, as per drawing, to the windows, or to the stone balcony 
in front of the house, as the case may be. 

Air traps of cast iron to all communications of surface water with drains to be of ap- 
propriate size, and provide all gully-hole gratings that may be necessary. 

To provide for the carpenter’s and joiner’s works, and use and fix thereto, besides that 

R r 4 
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which has been already described, all requisite spikes, nails, screws, and other 
proper ironmongery, and all requisite brass work, both to be of the very best 
quality. 

Provide a copper, . . . inches diameter, and stewing stoves as shown on the drawings, 
with all requisite bars and iron work. 

For fittings to stables describe — 

No. . . . Cast-iron hay-racks, 3 feet wide and 2 feet high in the clear. 1^-inch 
round staves, about 3 inches apart, the frames 1 ^ by | of an inch, with the 
arris rounded ofif next the staves. Provide and fix two manger rings in each 
stall. 

Cast iron coping to the walls of the dung-pit of the thickness of J of an inch, and re- 
turned on each side 4 inches down at the least. 

Cast iron gratings to stable yards are usually described as of the weight of 1 cwt. 

For church and chapel work, the founder’s, smith’s, and ironmonger’s work is so de- 
pendent on the design, that no general instructions for specifications can be given. 
The following are the only peculiarities ; — 

Provide cast iron saddle bars for the windows f by 1^ inch, 12 inches longer than the 
clear width of each window, laid into and worked up with the brickwork, at the 
height shown on the drawings. 

Provide to each window wrought iron framework for a hopper casement, as shown on 
the drawings, and fit up the same complete, with patent lines, brass pulleys, and all 
other requisite appurtenances. 

2287. Plasterer. To ZaM, plaster, float, and set all the ceilings and strings of stair- 
cases, and the quartered partitions of the , . . chambers (such as servants’ rooms) on 
attic stories. 

To render, float, and set all brickwork in attic stories. 

To plaster all sides of the kitchen offices and office passages with best floated rough 
stucco, lathed where requisite. 

All the remainder of the sides of the interior throughout is to be executed with the 
very best floated stucco, lathed where requisite. Stucco of offices (or office build- 
ings if any) to be finished with rough surfaces; all the rest of the stucco to be 
troweled quite smooth. 

All the arched, groined, panelled, and coffered work, and the bands and architraves, to 
be executed in guaged stuff, in the best and most accurate manner. 

To run plaster cornices round the several rooms, lobbies, passages, and other parts of 
the building, with enrichments thereto accurately modelled according to the draw- 
ings (the enrichments, if so wished, to be described as of papier mache). A 
centre flower to each room on the ground and one-pair floor, where marked, securely 
fixed to the ceiling. These are, on all accounts, better for security in the papier 
mache, as they can be then screwed to the ceiling. 

Basement or ground story (or both, as the case may be) is to be run round in all the 
rooms, lobbies, passages, &c. with skirtings of Parker's cement, 10 inches high, l^inch 
thick, whited when soft, and finally washed of stone colour. 

The plasterer is to execute all necessary beads, quirks, and arrisses. To stucco all in- 
ternal and external reveals, to dub out where the work may require it, so as to bring 
out all extra thicknesses and projections, and to counter-lath the work over large 
timbers and elsewhere, as may be necessary. 

The lathing throughout is to be performed with lath-and-half heart of fir laths, free 
from sap. Enrichments to be carefully trimmed and finished off, and where heavy 
leaves or embossed work may require it, to be screwed with strong copper screws. 

The ceilings on the two principal floors are to be distempered by the painter. All the 
rest of the ceilings, strings, and mouldings are to be whitened^ 

The sides of the rooms in the attic or garrett (as the case may be) stories, as well as 
the lobbies, closets, passages, Ac., are to be finished of such stone colour tints as the 
architect may direct. 

Lime- white stables and coach-house walls, larders, sculleries, cellars, including vault- 
ing under sides of floors where open, &c. 

When Parker’s cement is used for external works, describe as under : — 

To stucco in the very best manner with Parker’s cement, jointed to imitate 
masonry, the whole (or part, if such be the case) of the exterior of the 
building, with columns, pilasters, plinths, entablatures, strings, mouldings, 
labels, jambs, reveals, chimneys, chimney moulds, decorations, enrichments, and 
appurtenances of every kind, as shown on the drawings and profiles. Such 
works to be subject to such further instructions from the architect as he may 
think proper, and to be roughly coloured as each portion is executed, and 
finally coloured when the archit^t shall so direct, with weather-proof colour- 
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ing, fixed with Russia tallow, beer grounds, tar, and the other proper in- 
gredients. 

Where desired, decorative chimney moulds, of Parker’s cement, and of the value of two 
guineas, to be provided for each flue. 

Pugging. To fill in upon the sounding boarding between the joists, where so provided, 
with good lime and hair pugging mortar, laid throughout 1 inch in thickness. 

Roughcasting. For the mode of describing this, see Plastering, Sect. IX. (2249.) 

2288. Plumber. To lay the fiats and gutters with milled lead of 8 lbs. to the foot 
superficial. Where against walls, to be turned up 7 inches ; where against slopes, 
as rafters, to turn up 10 inches. Rolls not to exceed 27 inches apart. 

Work fiashings of milled lead in the walls of 5 lbs, to the foot, and to turn down over 
gutters and flats. Where flashings adjoin the slopes of a roof, they should be de- 
scribed to be laid stepwise into the brickwork, and of an average width of 12 inches. 

Hips and ridges to be covered with milled lead 6 lbs. to the foot, and at least 18 inches 
wide, well secured with lead-headed nails. 

Where eaves gutters are used, describe as follows : — 

To put round the eaves at the curb plate 4-inch copper (or zinc) guttering, fixed 
complete with bands and brackets, with copper (or zinc) pipes .... inches 
diameter, with neat heads and appropriate shoes to lead into the gutter or drain. 

Domes should be covered with lead from 6 to 8 lbs. to the foot superficial, accord- 
ing to their size, and must be well secured with proper seams or rolls thereto. 

For coverings of zinc the reader is referred to Sect,VII. Chap. II. (1792, et seq.') of this 
Book, where the thicknesses will be found. 

Tops and sides of dormers to be covered with 5-lb. milled lead, turned down all 
round full 8 inches. A flashing of 5-lb. milled lead 30 inches wide, to be fixed over 
the sill of the dormer door or window, as the case may be. 

Aprons of 6-lb. milled lead, and 10 inches wide, should be described to sky-lights. 

External mouldings of wood should be covered with 6-lb. milled lead, to turn up 6 
inches, and to have flashings of 4-lb. milled lead let into the brickwork, and to be 
turned down 5 inches. 

To fix . . . . stacks of rain-water pipes from the gutters to the drains, of (5) inches bore, 
turned up from milled lead of 8 lbs. to the foot superficial, and securely fixed with 
ornamental cistern heads as shall be approved by the architect, and 2-inch strong 
overflow discharging pipes. Similar description for conveying water from a 
portico. 

No pipes but of lead or zinc should be used against stone buildings. Cast iron pipes 
should only be used to offices. 

In London, it is usual to specify that the water should be laid on for the service of the 
house in the following manner : — 

To lay on from the main of the Company water with ^-inch 

strong cast lead pipe to the cistern of the upper water-closet, with ball-cock 
complete. Similarly to lower water-closet and to such other cisterns as are 
provided, with ball-cocks, &c. complete, and to pay all official fees. 

Line the sinks in the scullery and butler’s pantry (and other small ones, if any) with 
6-lb. milled lead, and fix thereto 2-inch waste pipes, with brass bell traps complete 
to go into the drains. 

Line the kitchen cistern with milled sheet lead, bottom 9 lbs. and sides 6 lbs. to the 
foot, with all soldering thereto. To provide to the same a l^inch waste pipe. Line 
the kitchen sink with lead of 8 lbs. to the foot, to turn well over the woodwork and 
to have a 2-inch strong waste pipe to lead into the drain, with brass bell grate com- 
plete. A |-inch service pipe and brass cock to be provided from the cistern for 
supplying water to the sink. 

Roses pierced with holes of sufficient dimensions to be provided of 10-lb. lead to gutters 
and rain-water cesspools. 

Water closets to be constructed and fitted up in every respect complete, with blue 
basin, the very best patent valve apparatus. Soil pipe of 8-lb. lead and 4J-inch bore 
to lead into drain with strong D trap, lead box 10 inches by 7 and 6 inches deep, of 
milled lead 10 lbs. to the foot. 1-inch supply pipe to the basin, and all other pipes, 
wires, cranks, handles, and other proper fitments. The cistern is to be lined, bottom 
with 8-lb. cast lead, and sides with 5-lb. milled lead. l^inch waste pipe, soldered 
in below the dip, with washer and waste complete. 

Inferior water closets to be provided with strong cast iron trapped basin, with water 
laid on, and in all respects to be fitted complete. 

Provide all stink-traps that may be requisite where the pipes communicate with the 
drains. 
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For cold bath, lay on the water with strong IJ-inch lead pipe, with brass cock, and fix 
2^-Lnch strong lead waste pipe, with brass washer and plug thereto. 

If the hot bath be not of marble, describe as follows : — 

Provide and fix a hot bath of copper of 16 ounces to the foot superficial, tinned 
on the inside, and painted in japan to imitate marble as may be directed. Lay 
on the water thereto, with waste pipe, cock, water plug, and all other proper 
fittings as for cold bath. 

Common pumps are generally described as 3-inch pumps, with neat cast iron cases 
fixed complete, with proper lead suction pipe to bring suflScient supply of water 
from well, and all other appurtenances. 

To provide and fix (this where the water is not laid on, as in London) a 3^-inch lifting 
engine pump, with brass barrel ; and provide from the well . . . feet of l^inch strong 
suction pipe. Service pipes as may be nec^sary to the cisterns, with all cocks and 
joints that may be necessary. 

Provide all copper nails that may be wanted for laying the works. 

To provide in the contract .... cwt. extra of cast sheet lead, including labour and 
all proper materials as may be wanted and directed by the architect ; and if the same 
or any part thereof should not be used, there shall be a deduction made for the same 
on making up the accounts, after the rate of ... . per cwt. for such portion thereof 
as shall not have been used. 

2289. Glazier. To glaze all the windows with the best Newcastle crown glass, or 
for offices with second Newcastle crown glass. 

The whole of the glazing is to be properly bedded, sprigged, and back-puttied, and to 
be left whole and clean on the works being rendered up as complete. 

When plate glass is to be used, the same must be specified, and the architect must 
direct the manufactory from which it is to be procured, 

2290. Paintee. To knot with silver leaf, pumice down and smooth, and otherwise 
prepare all the wood and other works intended for painting. 

To paint four times in oil, with the best oil and colour, all the internal and external 
wood and iron works, all the stucco, and all other works that are usually painted. 

The walls of the principal staircase, lobbies, and entrance hall are to be imitations 
of marbles, jointed like masonry, as shall be directed, and varnished twice over with 
best copal. 

The doors, shutters, dadoes, skirtings, boxings, architraves, and other dressings on the 
ground and one-pair floors (and others if required), are to be grained wainscot (or 
other wood as may be specified), in an artist-like manner, and varnished twice with 
best copal varnish. 

If mouldings of doors and shutters are to be gilt, specify the same. 

The ceilings and cornices on ground and one-pair floor to be painted four times in 
oil, and flatted and picked in such extra colours as may be directed. 

To flat extra, of such tints as may be directed, all the rest of the stucco work and wood 
work on the principal and one-pair floors. 

Sashes to be finished on the outside of ... . colour. The plain painting to be of 
tints of brown, drab, or stone colour as may be directed. 

Distemper ceilings (this to be specified if any are so intended), or paint if intended. 

2291. Paperhanger. To prepare and bring to a proper face all the walls and surfaces 
intended for papering. 

To underline with proper paper, and hang with paper of . . . . pence per yard, the 
rooms on the one-pair floor, and to provide and fix gold beads thereto .... inches 
wide : borders, if thought proper, to be specified. 

To hang with figured paper, value .... per yard, the rooms (to be described) 
on the .... floor, with borders. 

The remainder of the rooms are to be hung with paper .... per yard, with borders. 

All the patterns are to be approved of by the architect. 

2292. Bellhanger. To provide and fix with all necessary wires, pulls, cranks, and every 
other appendage, bells from the following places : — [Here enumerate the places.] 

2293. We now close the general view of a specification (which has been submitted as 
nothing more than a skeleton for filling up as different cases may require; to make 
one which would serve all purposes is obviously impossible) by adding the usual form of a 
contract. 
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2294. Conditions. That all the works shall be executed in the best and most workman- 
like manner, to the satisfaction of [Here add employer’s name], or his architect, without 
reference thereon to any other person. If any alterations should hereafter be made by order 
of {the employ^), or his architect, by varying from the plans or the foregoing specifi- 

cation, either in adding thereto or diminishing therefrom, or otherwise however, such alter- 
ations shall not vacate the contract hereby entered into, but the value thereof shall be 
ascertained by the said architect, and added to or deducted from the sum hereinafter 
mentioned, as the case may be ; nor shall such alterations, either in addition, diminution, 
or otherwise, supersede the condition for the completion of the whole of the works, but the 
contractor shall, if such alterations, of whatever sort, require it, increase the number of his 
workmen, so that the same, as well as the works contained in the above particulars, shall 
be completely finished, and so delivered up to {the employer')^ on or before the 

day of , in the year , on failure whereof the contractor shall forfeit and pay 

to {the einplayer\ the sum of for every day that the work remains unfinished 

and undelivered as aforesaid, which sum the said {the employer) shall be allowed to 

stop as liquidated damages out of any moneys that may be due and owing to the said con- 
tractor on account of the works. 

If any doubt or doubts should arise during the execution of the works, or at measuring 
the extras should any occur, or at making out the accounts as to any extras or other works 
for which the contractor may consider he may have a claim, over and above the sum here- 
inafter mentioned, the admission and allowance of any such claim or claims shall be 
judged of, determined, and adjusted solely by the architect to {the employer)^ without 

reference in any way to any other person ; it being the intention of these conditions that 
all such works of every kind that may be necessay for completely finishing the works pro- 
posed, for the rectification of any failure from whatever cause arising, and the well main- 
taining, sustaining, and supporting the whole of the works, as well as alterations and 
additions, should such be made, so that the whole may remain sound and firm, are implied in 
the foregoing specification, although the same may not therein be specifically expressed, 
and that on this, as well as all other matters, no reference to any other person than the 
aforesaid architect is to be allowed or admitted. 

If the contractor should neglect or refuse to carry on the works with such dispatch as is 
thought proper by the architect, it shall be lawful for {the employer) or his architect, 

and either of them is hereby empowered to employ such other person or persons as 
{the employer) or his architect, or either of them, may think fit or necessary, to finish and 
complete the several unfinished works, after having given notice thereof in writing six 
days before employing such person or persons, such notice to be left either at the con- 
tractor’s shop, counting-house, or usual place of abode, without effect, and the amount or 
amounts of the bill or bills of any artificers that may be so employed shall be deducted out 
of any moneys that may be due and owing to the said contractor, or any part thereof, as 
the case may be. 

It is hereby agreed, this day of , in the year , between 

{the employer)^ on the one part, and {the contractor) on the other part, that he, the 

said {the contractor), for his executors, administrators, and assigns, doth hereby 

promise and agree to and with the said {the employer), to do and perform all the 

works of every kind mentioned and contained in the foregoing particulars, and according 
and subject to the conditions above recited, and according to the plans prepared and referred 
to, at and for the sum of pounds ; and the said (Me contractor) doth hereby 

agree to abide by and be subject to the several clauses, conditions, and penalties herein- 
before mentioned and contained. 

In consideration whereof the said (Me employer) doth hereby promise and agree to 

pay to the said (Me contractor), on the certificate of the architect, the aforesaid 

sum of pounds, in separate payments, it being agreed that neither of the said 

payments, except the last, shall amount to more than two thirds of the value of the work 
done at the time of such certificate being given. 

In witness whereof the said parties have hereunto set their hand, the day and year 
above written. 


Witness, E. F. 


A. B. (the employer.) 
C. D. (the contractor.) 
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2295. ITie practice of measuring is dependent on rules already given under Mensura- 
tion, in Sect. VII. Chap. I. of this Book (1212, etseqS)^ in which are described the methods 
of ascertaining the superficial and solid contents of any figure. The application of them to 
architecture, in the practice of measuring and estimating the different parts of a building, 
forms the subject of this section. 

2296. For the purposes of measuring, the common instruments are a pair of 5-feet 
rods, divided into feet, inches, and half inches, and a 2-feet rule divided into inches and 
eighths and twelfths of inches, beyond which subdivision, measurements are rarely 
carried in this country. 

2297. The mode of what is called squaring dimensions, as usually practised, is given 
under Section I. Arithmetic &c., in this Book (868, et seq.y to which the reader must 
refer, if not already fully informed on that head. We shall now at once proceed to the 
general principles on which the measurement and estimation of work in the several artificers* 
departments are conducted. 

2298. Digging is performed by the solid yard of twenty-seven cubic feet (that is, 3 feet 
X 3 feet X 3 feet=:27 feet). Where the ground is soft in consistence, and nothing more 
is necessary beyond cutting with a spade, a man may throw up a cubic yard per hour, or 
10 cubic yards in a day ; but if of firmer quality, hacking becomes necessary, and an addi- 
tional man will be required to perform the same work ; if very strong gravel, more assistance 
will be required. If, therefore, the wages of a labourer were 2s. 6d. per day, the price of a 
yard would be Sd. for cutting only, without profit to the contractor ; 6d. for cutting and 
backing, and 9d. if two hackers be necessary. In sandy ground, where wheeling becomes ne- 
cessary, three men will remove 30 cubic yards in a day to the distance of 20 yards, two for 
filling and one for wheeling. But to remove the same quantity in a day to a greater dis- 
tance, an additional man for every 20 yards will be required. 

2299. The method of ascertaining the quantity of excavation will, of course, be obvious ; 
the quantity is the length multiplied into the depth and width. In the cases of trenches 
merely dug for the reception of walls, which, of course, are sloped to prevent the earth fall- 
ing in on the excavators, a mean width is to be taken. ITius, suppose an excavation 24 
feet long, 4 feet wide at top, and 2 feet at the bottom (average width therefore 3 feet), and 
5 feet deep, we have for the quantity of yard '^^^^^ = 13*07 cube yards. 

2300. Brickwork. In measuring and estimating the value of brickwork, the following 
points must be remembered. A rod of brickwork is a mass 1 feet square ; hence 
the quantity of superficial feet which it contains is 272| feet (16*5 x 16*5), but the \ of 
the foot is too trifling to make it worth while to embarrass calculations with it, and con- 
sequently 272 feet is universally taken as the superficial standard content of a rod. Its 
standard thickness is one brick and a half (or 13 J inches). Hence it follows, that a cubic 
rod of brickwork would be 272 feet x 13^ inches = 306 feet cube. The allowance for the 
number of bricks is taken on an average at 4500. Much, however, depends on the close- 
ness of the joints and the nature of the work. In walling, a reduced foot is generally taken 
as requiring 17 bricks; a foot superficial in Flemish bond, laid in malm facing, about 8 
bricks ; and a foot superficial of guaged arches, 10 bricks. In paving, a yard requires 82 
paving bricks, or 48 stock bricks, or 144 Dutch clinkers laid on edge, or 36 bricks laid flat. 

2301. In tiling, which is measured by the square of 100 superficial feet, a square will 
require 800 at a 6-inch guage, 700 at a T-inch guage, and 600 at an 8-inch guage. The 
guage necessarily regulates the distance of the laths, and, at the same time, must be de- 
pendent on the slope of the roof, which, if flat, should not be less than 6 inches, as for in- 
stance, above the kerb in a kerb roof ; and not more than 8 inches in any case. A square of 
plaintiling requires about on an average a bundle of laths, two bushels of lime, and one of 
sand, and at least a peck of tile pins. The laths are sold in bundles of 3, 4, and 5-feet 
lengths. A bundle of the 3-feet contains eight score, the 4-feet six score, and the 5-feet 
five score to the bundle. The nails used are fourpenny ; they are purchased by the long 
hundred, that is, of six score, and, in day work, are charged by the bricklayer 5-score to the 
hundred. The name of nails, as fourpenny, fivepenny, &c., means fourpence, fivepence, &c. 
per hundred. The numbers of nails required for a bundle of 5-feet and 6-feet laths, are 
500 and 600 respectively. 

2302. A square of pantUing requires 180 tiles laid at a 10-inch guage, and a bundle of 
12 laths 10 feet long. 

2303. In lime measure, what is called a hundred is 100 pecks, or 25 striked bushels (old 
measure). 
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2304. In sand measure, 18 heaped bushels, or 21 striked bushels, 
equal to 1 yard cube, is a single load, and about 24 cubic feet 1 ton. 

2305. In mortar 27 cubic feet make 1 load, which on common 
occasions contains half a hundred of lime with a proportional quantity 
of sand. Eleven hundred and thirty-four cubic inches make a hod 
of mortar; that is, a mass 9 inches wide, 9 inches high, and 14 
inches long. Two bods of mortar are nearly ^ual to half a bushel. 
The following measures and weights it may be also use&l to re- 
member : — 

2SJ cubic feet of sand = 1 ton; hence 1 cubic foot weighs 95 *3 lbs. 

17J cubic feet of clay = 1 ton; hence 1 cubic foot weighs about 
ISO lbs. 

18 cubic feet of common earth = 1 ton; hence 1 cubic foot weighs 
nearly 124 lbs. 

306 cubic feet of brickwork = 13 tons; hence 1 cubic foot is equal 
to full 95 lbs. 

2306. In the measurement of brickwork, from the surface being 272 
feet and the standard thickness 1 ^ brick, it will be immediately seen 
that nothing more is requisite than, having ascertained the thickness of 
each part of the work, to reduce it to the standard thickness above 
stated, and this will be found sufficiently easy in almost all cases. 
Where, however, this cannot be done, we can always ^certain with 
sufficient accuracy the cubic contents in feet of any mass of brickwork ; 
and dividing by 306 we have the number of rods. 

2307. We here present an illustration in a wall of the most 
common occurrence (^y. 808.), which we will suppose 20 feet long 
without reference to any wall which might return from it, and thus di- 
minish its length in measuring therewith a returning wall. The follow- 
ing is the method of entering and calculating the duuensions. 



1 

Length multiplied 
by the Height. 

Area. 

Number of 
Bricks in 
Thickness. 

Factors to reduce 
the Area to 
Standard of U 
Brick. 

Thickness reduced 
to 11 Brick 
in Feet sup. 


mm 

■ 



• 

Footings 6 courses 

H 

10 0 


2i 

26-8 


20 0 

6 

10-0 



23*4 

Basement wall - 

" 20-0 

6-0 

100 


2 

20-0 

Ground-fioor wall 

r 20 0 

1 12 0 

120 0 

2i 

li 

200-0 

One-pair wall 

r 20-0 

\ 140 

240 0 

2 

n 

320-0 

Two-pair wall 

f 200 
\ 7-0 

280*0 


1 

280-0 

L 


140-0 

1 

1 

93*4 

963-4 


Therefore the total is 963‘4 superficial feet IJ brick thick, and ^=3 rods, 147 feet. 

2308. Upon this principle the measuring and estimation of brickwork is conducted, and 
havmg the price and quantity of bricks in a rod, and the lime, sand, and labour, which 
will pres^tly be given, we may come to a pretty accurate knowledge of its value. But 
there are other articles which will require our attention, to which we shall presently 
advert. Before proceeding, however, we may as well observe that the above result of 
3 ro(U 147 feet might have been similarly obtained by cubing the mass of brickwork and 
dividing the whole mass by 306, but with much more labour. 
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2S09. In measorii^ walls i^ced with bncks of a superior quality, the area such &cing 
^aust be measured, or allowance extra is made in the price per rod of the brickwork. 

2S10; All apertures and recesses from any of the faces are deducted. 

2S11. Guaged arches are sometimes deducted and charged separately, sometimes not; 
but whether deducted or not does not signi^, as the extra price must be allowed in the 
latter case and the whole price in the former. Rubbed and guaged arches, of whaterer 
fcHrm, are measured and charged by the superficial foot. 

S312. The angles of groins, outside and inside splays, bird's mouths, bull's noses, are 
measured by the lineal or running foot ; but cuttings are measured by the foot superficial 
Chinmeys are measured solid to allow for the trouble of forming and pargetting the flues. 
The opening at bottom, however, is to be deducted. 

3313. Quarters in bricknogging are measured in, as are all sills, stone strings, and 
timber inserted in walls. Two inches are ^so allowed in the height of brickwork for 
bedding plat^ if no brickwork be over them. 

2314. Ovens, coppers, 8cc. are measured as solid work, deducting only the ash holes; 
but all fire stone, Welsh lumps, tiles, Ac., though measured alone, are not to be deducted 
out of the brickwork. Pointing, colouring, Ac. to fronts, is measured by the foot super* 
ficiaL FlantUe creesing by the foot lineal. 

To estimate the value of a rod of brickwork, the method is as under : — 

£ 8. d. 

4500 stocks, at per thousand - - - - -000 

hundred of lime = 37^ striked bushels containing 27 feet cube to the 
hundred - - - - - - - -000 

2 loads of sand - - - - - - - -OOO 

Labour and scaffolding - - - - - - -000 


Per cent, profit 
Per rod 


0 0 0 
-000 

-000 


2315. In measuring and estimating all sorts of artificers' works, the method usually 
adopted for saving labour in making out the account is to arrange in separate columns each 
sort of work, and then to add them up and carry the total to the bill. In brickwork, 
where walls are of different thicknesses, these with their deductions are arranged in sepa- 
rate columns, and then all are reduced to the standard thickness. 

2316. The common measure for tiling is a square of 10 feet, containing therefore 100 
feet superficiaL Claims are made for the eaves to the extent of 6 inches ; but in pantiling 
this ought not to be allowed, as a claim not founded in justice, though custom is pleaded 
for it. 

2317. The following table shows the number of bricks necessary for constructing any 
number of superficial feet of walling from 1 to 90,000, and from haff a brick to 2J bricks 
thick ; and thence, by addition only, to any thickness or number required, at the rate of 
4500 bricks to a reduced rod. Thus, if it be required to find the number of bricks wanted 
to build a piece of work containing 756 feet super, of walling brick thick, we find by 
inspection for 700 feet 11580 bricks ; for 50 feet, 827 bricks ; and for 6 feet, 99 bricks ; in 
all, 11580 + 827 + 99 = 12506. 

Table showing the requisite Quantitt or Bricks for a given Superficies of Walling. 


No. of Bricks to Tbickuesses of 

Area - 

of Wall in i 

Feet. i Brick. 1 Bridi. 1| Brick. 2 Bricks. 2| Bricks. 
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Ko. of Bricks to Thicknesses of 


of Wall in 
Feet. 

1 Brick. 

1 Brick. 

Brick. 

2 Bricks. 

Bricks. 

40 

220 

441 

661 

882 

1102 

50 

275 

551 

827 

1102 

1378 

60 

330 

661 

992 

1323 

1654 

70 

386 

772 

1158 

1544 

1930 

80 

441 

882 

1323 

1764 

2205 

90 

496 

992 

1488 

1985 

2481 

100 

551 

1102 

1654 

2205 

2757 

200 

1102 

2205 

3308 

441 1 

5514 

300 

1654 

3308 

4963 

6617 

8272 

400 

2205 

4411 

6617 

8323 

11029 

500 

2757 

5514 

8272 

11029 

13786 

600 

3308 

6617 

9926 

13235 

16544 

700 

3860 

7720 

11580 

15441 

19301 

800 

4411 

8823 

13235 

17647 

22058 

900 

4963 

9926 

14889 

19852 

24816 

1000 

5514 

11029 

16544 

22058 

25753 

2000 

11029 

22058 

33088 

44117 

55147 

3000 

16544 

33088 

49632 

66176 

82720 

4000 

22058 

44117 

66176 

88235 

110294 

5000 

27573 

55147 

82720 

110294 

137867 

6000 

33088 

66176 

99264 

132352 

165441 

7000 

38602 

77205 

115803 

154411 

193014 

8000 

44117 

88235 

132352 

176470 

220588 

9000 

49632 

99264 

148896 

198529 

248161 

10000 

55147 

110294 

165441 

220588 

275735 

20000 

110294 

220588 

330882 

441176 

551470 

30000 

165441 

330882 

496323 

661764 

827205 

40000 

220588 

441176 

661764 

882352 

1102940 

50000 

275735 

551470 

827205 

1102940 

1378675 

60000 

330882 

661764 

992646 

1 323528 

1654410 

70000 

386029 

772053 

1168087 

1544116 

1930145 

80000 

441175 

882352 

1323528 

1 704704 

2205080 

90000 

496323 

L. 

992646 

1468969 

1985292 

2481615 


231 8. The next table which we submit for use exhibits the number of reduced feet to 
superficial feet from 1 to 10,000, the thicknesses being from 1 to bricks. 


Area of 
Wall in 
super- 
ficial 
Feet. 

Reduced Quantity in 

J Brick. 

I Brick. 

1 5 Brick. 

2 Bricks. 

2 ^ Bricks. 


Rod. 

. qrs 

ft. 

in. 

Rods, qrs 

. ft. 

in. 

Rods. 

qrs. ft. 

in. 

Rods. 

qrs. ft. 

in. 

Rods 

qrs. ft 

in. 

1 

0 

0 

0 

4 

0 

0 

0 

8 

0 

0 

1 

0 

0 

0 

1 

4 

0 

0 

1 

8 

2 

0 

0 

0 

8 

0 

0 

1 

4 

0 

0 

2 

0 

0 

0 

2 

8 

0 

0 

3 

4 

3 

0 

0 

1 

0 

0 

0 

2 

0 

0 

0 

3 

0 

0 

0 

4 

0 

0 

0 

5 

0 

4 

0 

0 

1 

4 

0 

0 

2 

8 

0 

0 

4 

O 

0 

0 

5 

4 

0 

0 

6 

8 

5 

0 

0 

1 

8 

0 

0 

3 

4 

0 

0 

5 

0 

0 

0 

6 

8 

0 

0 

8 

4 

6 

0 

0 

2 

0 

0 

0 

4 

0 

0 

0 

6 

0 

0 

0 

8 

0 

0 

0 

10 

0 

7 

0 

0 

2 

4 

0 

0 

4 

8 

0 

0 

7 

0 

0 

0 

9 

4 

0 

0 

n 

8 

8 

0 

0 

2 

8 

0 

0 

5 

4 

0 

0 

8 

0 

0 

0 

10 

8 

0 

0 

13 

4 

9 

0 

0 

3 

0 

0 

0 

6 

0 

0 

0 

9 

0 

0 

0 

12 

0 

0 

0 

15 

0 

10 

0 

0 

3 

4 

0 

0 

6 

8 

0 

0 

10 

0 

0 

0 

13 

4 

0 

0 

16 

8 

11 

0 

0 

3 

8 

0 

0 

7 

4 

0 

0 

11 

0 

0 

0 

14 

8 

0 

0 

18 

4 

12 

0 

0 

4 

0 

0 

0 

8 

0 

0 

0 

12 

0 

0 

0 

16 

0 

0 

0 

20 

0 

13 

0 

0 

4 

4 

0 

0 

8 

8 

0 

0 

13 

0 

0 

0 

17 

4 

0 

0 

21 

8 

14 

0 

0 

4 

8 

0 

0 

9 

4 

0 

0 

14 

0 

0 

0 

18 

8 

0 

0 

23 

4 

15 

0 

0 

5 

0 

0 

0 

10 

0 

0 

0 

15 

0 

0 

0 

20 

0 

0 

0 

25 

0 

16 

0 

0 

5 

4 

0 

0 

10 

8 

0 

0 

16 

0 

0 

0 

21 

4 

0 

0 

26 

8 

17 

0 

0 

.5 

8 

0 

0 

11 

4 

0 

0 

17 

0 

0 

0 

22 

8 

0 

0 

28 

4 
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Area of 
Wall in 
super- 
ficial 
Feet. 

Reduced Quantity in j 

^ Brick. 

1 I Brick. 

1^ Brick. 

j 2 Bricks. 

2| Bricks. 


Rods. qrs. ft 

in. 

Rods. qrs. ft 

in. 

Rods. qrs. ft 

in. 

Rods. qrs. it 

in. 

Rods. qrs. ft 

in. 

18 

0 

0 

6 

0 

0 

0 

12 

0 

0 

0 

18 

0 

0 

0 

24 

0 

0 

0 

30 

8 

19 

0 

0 

6 

4 

0 

0 

12 

8 

0 

0 

19 

0 

0 

0 

25 

4 

0 

0 

31 

8 

20 

0 

0 

6 

8 

0 

0 

13 

4 

O 

0 

20 

0 

0 

0 

26 

8 

0 

0 

33 

4 

21 

0 

0 

7 

0 

0 

0 

14 

0 

0 

0 

21 

0 

0 

0 

28 

0 

0 

0 

35 

0 

22 

0 

0 

7 

4 

0 

0 

14 

8 

O 

0 

22 

0 

0 

0 

29 

4 

0 

0 

36 

8 

23 

0 

0 

7 

8 

0 

0 

15 

4 

0 

0 

23 

0 

0 

0 

30 

8 

0 

0 

38 

4 

24 

0 

0 

8 

0 

0 

0 

16 

0 

0 

0 

24 

0 

0 

0 

32 

0 

0 

0 

40 

0 

25 

0 

0 

8 

4 

0 

0 

16 

8 

0 

0 

25 

0 

0 

0 

33 

4 

0 

0 

41 

8 

26 

0 

0 

S 

8 

0 

0 

17 

4 

O 

0 

26 

0 

0 

0 

34 

8 

0 

0 

43 

0 

27 

0 

0 

9 

0 

0 

0 

18 

0 

0 

0 

27 

0 

0 

0 

36 

0 

0 

0 

45 

4 

28 

0 

0 

9 

4 

0 

0 

18 

8 

0 

0 

28 

0 

0 

0 

37 

4 

0 

0 

46 

8 

29 

0 

0 

9 

8 

0 

0 

19 

4 

0 

0 

29 

0 

0 

0 

38 

8 

0 

0 

48 

4 

30 

0 

0 

10 

0 

0 

0 

20 

0 

0 

0 

30 

0 

0 

0 

40 

0 

0 

0 

50 

0 

31 

0 

0 

10 

4 

0 

0 

20 

8 

0 

0 

31 

0 

0 

0 

41 

4 

0 

0 

51 

8 

32 

0 

0 

10 

8 

0 

0 

21 

4 

O 

0 

32 

0 

0 

0 

42 

8 

0 

0 

53 

4 

33 

0 

0 

11 

0 

0 

0 

22 

0 

0 

0 

33 

0 

0 

0 

44 

0 

0 

0 

55 

0 

34 

0 

0 

11 

4 

0 

0 

22 

8 

0 

0 

34 

0 

0 

0 

45 

4 

0 

0 

56 

8 

35 

0 

0 

11 

8 

0 

0 

23 

4 

0 

0 

35 

0 

0 

0 

46 

8 

0 

0 

58 

4 

36 

0 

0 

12 

0 

0 

0 

24 

0 

O 

0 

36 

0 

0 

0 

48 

0 

0 

0 

60 

0 

37 

0 

0 

12 

4 

0 

0 

24 

8 

0 

0 

37 

0 

0 

0 

49 

4 

0 

0 

61 

8 

38 

0 

0 

12 

8 

0 

0 

25 

4 

0 

0 

38 

0 

0 

0 

50 

8 

0 

0 

63 

4 

39 

0 

0 

13 

0 

0 

0 

26 

0 

0 

0 

39 

0 

0 

0 

52 

0 

0 

0 

65 

0 

40 

0 

0 

13 

4 

0 

0 

26 

8 

0 

0 

40 

0 

0 

0 

53 

4 

0 

0 

66 

8 

41 

0 

0 

13 

8 

0 

0 

27 

4 

0 

0 

41 

0 

0 

0 

54 

8 

0 

1 

0 

4 

42 

0 

0 

14 

0 

0 

0 

28 

0 

0 

0 

42 

0 

0 

0 

56 

0 

6 

1 

2 

0 

43 

0 

0 

14 

4 

0 

0 

28 

8 

0 

0 

43 

0 

0 

0 

57 

4 

0 

1 

3 

8 

44 

0 

0 

14 

8 

0 

0 

29 

4 

0 

0 

44 

0 

0 

0 

58 

8 

0 

1 

5 

4 

45 

0 

0 

15 

0 

0 

0 

30 

0 

0 

0 

45 

0 

0 

0 

60 

0 

0 

1 

7 

0 

46 

0 

0 

15 

4 

0 

0 

30 

8 

0 

0 

46 

0 

0 

0 

61 

4 

0 

1 

8 

8 

47 

0 

0 

15 

8 

0 

0 

31 

4 

0 

0 

47 

0 

0 

0 

62 

8 

0 

1 

10 

4 

48 

0 

0 

16 

0 

0 

0 

32 

0 

0 

0 

48 

0 

0 

0 

64 

0 

0 

1 

12 

0 

49 

0 

0 

16 

4 

0 

0 

32 

8 

0 

0 

49 

0 

0 

0 

65 

4 

0 

1 

13 

8 

50 

0 

0 

16 

8 

0 

0 

33 

4 

0 

0 

50 

0 

0 

0 

66 

8 

0 

1 

15 

4 

60 

0 

0 

20 

0 

0 

0 

40 

0 

0 

0 

60 

0 

0 

1 

12 

0 

0 

1 

32 

0 

70 

0 

0 

23 

4 

0 

0 

46 

8 

0 

1 

2 

0 

0 

1 

25 

4 

0 

1 

48 

8 

80 

0 

0 

26 

8 

0 

0 

53 

4 

0 

1 

12 

0 

0 

1 

38 

8 

0 

1 

65 

4 

90 

0 

0 

SO 

0 

0 

0 

60 

0 

0 

1 

22 

0 

0 

1 

52 

0 

0 

2 

14 

0 

100 

0 

0 

33 

4 

0 

0 

66 

8 

0 

1 

32 

0 

0 

1 

65 

4 

0 

2 

SO 

8 

200 

0 

0 

66 

8 

0 

1 

65 

4 

0 

2 

64 

0 

0 

3 

62 

8 

1 

0 

61 

4 

300 

0 

1 

32 

0 

0 

2 

64 

0 

1 

0 

28 

0 

1 

1 

60 

0 

1 

3 

24 

0 

400 

0 

1 

65 

4 

0 

3 

62 

8 

1 

1 

60 

0 

1 

3 

57 

4 

2 

1 

54 

8 

500 

0 

2 

30 

8 

1 

0 

61 

4 

J 

3 

24 

0 

2 

1 

54 

8 

3 

0 

17 

4 

600 

0 

2 

64 

0 

1 

1 

60 

0 

2 

0 

56 

o 

2 

3 

52 

0 

3 

2 

48 

0 

700 

0 

3 

29 

4 

1 

2 

58 

8 

2 

2 

20 

0 

3 

1 

49 

4 

4 

1 

10 

8 

800 

0 

3 

62 

8 

1 

3 

57 

4 

2 

3 

52 

0 

3 

3 

46 

8 

4 

3 

41 

4 

900 

1 

0 

28 

0 

2 

0 

56 

0 

3 

1 

16 

0 

4 

1 

44 

0 

5 

2 

4 

0 

1000 

1 

0 

61 

4 

2 

1 

54 

8 

3 

2 

48 

0 

4 

3 

41 

4 

6 

0 

34 

8 

2000 

2 

1 

54 

8 

4 

3 

41 

4 

7 

1 

28 

0 

9 

3 

14 

8 

12 

1 

1 

4 

3000 

3 

2 

48 

0 

7 

1 

28 

0 

11 

0 

8 

0 

14 

2 

46 

0 

18 

1 

36 

0 

4000 

4 

3 

41 

4 

9 

3 

14 

8 

14 

2 

56 

0 

19 

2 

29 

4 

24 

2 

2 

8 

5000 

6 

0 

34 

8 

12 

1 

1 

4 

18 


36 

0 

24 

2 

2 

8 

30 

2 

37 

4 

6000 

7 


28 

0 

14 

2 

56 

0 

22 

0 

16 

0 

29 

1 

44 

0 

36 

3 

4 

0 

7000 

8 

2 

21 

4 

17 

0 

42 

8 

25 

2 

64 

0 

34 

1 

17 

4 

42 

3 

38 

8 

8000 

9 

3 

14 

8 

19 

2 

29 

4 

29 

1 

44 

0 

39 

0 

58 

8 

49 

0 

5 

4 

9000 

11 

0 

8 

0 

22 

0 

16 

0 

33 

0 

24 

0 

44 

0 

32 

0 

55 

0 

40 

0 

10000 

12 

1 

1 

4 

24 

2 

2 

8 

36 

3 

4 

0 

49 

0 

5 

4 

61 

1 

6 

8 


2319. The following table exhibits the xalue of a rod of brickwork (allowing 4500 
bricks to a rod) at the prices from 30s. to 60s. per thousand for the bricks, and for labour, 
mortar, and scaffolding the several sums of 3/. 5s., 3/. 10s., 3/. 15s., 4/., 4/. 5s., and 41. 10s. 
per rod. 
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Bricks per 
Thousand. 

Labour, Mor- 
tar, Stc. per 
Rod, Zl. bs. 

Labour, Mor- 
tar, &c. per 
Rod, 3/. 10^. 

Labour, Mor- 
tar, &c. per 
Rod, il. 

Labour, Mor- 
tar, &c. per 
Rod, Al. 

Labour, Mor- 
tar, &c. per 
Rod, 4/. 5 j. 

Labour, Mor- 
tar, &c. per 
Rod, Al. 10#. 

s. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

t. 

d. 

£ 

«. 

d. 

£ 

s. 

d. 

£ 

s. 

d. 

30 

10 

0 

0 

10 

5 

0 

10 

10 

0 

10 

15 

0 

11 

0 

0 

11 

5 

0 

32 

10 

9 

0 

10 

14 

0 

10 

19 

0 

11 

4 

0 

11 

9 

0 

11 

14 

0 

34 

10 

18 

0 

11 

3 

0 

11 

8 

0 

11 

13 

0 

11 

18 

0 

12 

3 

0 

36 

11 

7 

0 

11 

12 

0 

11 

17 

0 

12 

2 

0 

12 

7 

0 

12 

12 

0 

38 

11 

16 

0 

12 

1 

0 

12 

6 

0 

12 

11 

0 

12 

16 

0 

13 

1 

0 

40 

12 

5 

0 

12 

10 

0 

12 

15 

0 

13 

0 

0 

13 

5 

0 

13 

10 

0 

42 

12 

14 

0 

12 

19 

0 

13 

4 

0 

13 

9 

0 

13 

14 

0 

13 

19 

0 

44 

13 

3 

0 

13 

8 

0 

13 

13 

0 

13 

18 

0 

14 

3 

0 

14 

8 

0 

46 

13 

12 

0 

13 

17 

0 

14 

2 

0 

14 

7 

0 

14 

12 

0 

14 

17 

0 

48 

14 

1 

0 

14 

6 

0 

14 

11 

0 

14 

16 

0 

15 

1 

0 

15 

6 

0 

50 

14 

10 

0 

14 

15 

0 

15 

0 

0 

15 

5 

0 

15 

10 

0 

15 

15 

0 

52 

14 

19 

0 

15 

4 

0 

15 

9 

0 

15 

14 

0 

15 

19 

0 

16 

4 

0 

54 

15 

8 

0 

15 

13 

0 

15 

18 

0 

16 

3 

0 

16 

8 

0 

16 

13 

0 

56 

15 

17 

0 

16 

2 

0 

16 

7 

0 

16 

12 

0 

16 

17 

0 

17 

2 

0 

58 

16 

6 

0 

16 

1 1 

0 

16 

16 

0 

17 

1 

0 

17 

6 

0 

17 

11 

0 

60 

16 

15 

0 

17 

0 

0 

17 

5 

0 

17 

10 

0 

17 

15 

0 

18 

0 

0 


2320. The following is a table of the decimal parts of a rod of reduced brickwork. 


Feet. 

Dec. Parts . 

Feet. 

Dec. Parts. 

Feet. 

Dec. Parts. | 

Feet. 

1 

Dec. Parts. 

Feet. 

Dec. Parts, 

1 

•00367 

41 

•15073 

81 

i 

•29779 1 

121 

•44485 

i 161 

•59191 

2 

•00735 

, 42 

•15441 

82 

-.301 47 

122 

•44852 , 

j 162 

'59559 

3 

•01 102 

43 

•15809 

83 

•30515 

123 

•45220 

163 

•59926 

4 

•01470 

44 

•16176 

84 

♦30882 

124 

*45588 

164 

•60294 

5 

•01838 

45 

•16544 

85 

•3125 

125 

•45956 

1 165 

•60662 

6 

•02206 

i 46 

•16912 

86 

•31617 

126 

•46323 

' 166 

•61029 

7 

•02573 

47 

•17279 

87 

•31985 

127 

•46691 

j 167 

•61397 

8 

•02941 

48 

•17647 

88 

•32353 : 

12S 

•47059 

168 

•61765 

9 

•03309 

1 49 

•18015 

89 

•32720 I 

129 

•47426 

169 

•62132 

10 

•03676 

50 

•18382 

90 

•33038 ! 

130 

•47794 

170 

•625 

11 

•04044 

51 

•1875 

91 

•33456 

131 

•48162 

171 

•62867 

12 

•04412 

52 

•19117 

92 

•33823 ; 

132 

•48529 

172 

•63235 

13 

•04779 

53 

•19485 

93 

•34191 1 

J3S 

•48897 

' 173 

•63604 

14 

•05147 

54 

•19852 

94 

•34559 ! 

134 

•49265 

174 

•63971 

15 

•05515 

55 

•20221 

95 

•34926 . 

155 

•49632 

175 

•64338 

16 

•05882 

56 

•20588 

96 

•35294 

136 

•5 

176 

•64706 

17 

•0625 

57 

•20956 

97 

•35662 

137 

•50637 

177 

•65073 

18 

•06617 

58 

•21323 

1 98 

•36029 ; 

138 

•50735 

178 

•65441 

19 

•06985 

59 

•21691 

i 99 

•36397 

139 

•51102 

1 179 

•65809 

20 

•07353 

60 

•22059 

100 

•36765 

140 

•51470 

1 180 

•66176 

21 

•07721 

61 

•22426 

; 101 

•37132 i 

141 

•51838 

181 

*66544 

99 . 

•08088 

62 

*22794 

j 102 

-375 , 

142 

•52206 

; 182 

•66912 

23 

•08456 

63 

-23162 

103 

•37867 , 

143 

■52573 

183 

•67279 

24 

•08823 

64 

'23529 

104 

•38235 ' 

144 

•52941 

184 

•67647 

25 

•09191 

65 

♦23897 

1 105 

•38604 ; 

145 

•53309 

' 185 

•68015 

26 

•09559 

66 

•24265 

i 106 

*38970 

146 

•53676 

186 

•68382 

27 

•09926 

67 

•24632 

; 107 

•39338 ! 

147 

•54044 

187 

•6875 

28 

•10294 

68 

•25 

i 108 

•39706 

148 

•54412 

188 

•69117 

29 

•10662 

69 

•25367 

‘ 109 

•40073 ' 

149 

•54779 

189 

•69485 

30 

•11029 

70 

•25735 

1 no 

♦40441 i 

150 

•55147 

190 

•69853 

31 

•11397 

71 

•26103 

i 111 

•40809 • 

151 

•55515 

191 

•70221 

32 

•11765 

72 

•26470 

i 112 

•41176 I 

152 

•55882 

192 

•70588 

33 

•12132 

73 

*26838 

i 113 

•41544 1 

153 

•5625 

193 

•70956 

34 

•125 

74 

•27206 

114 

•41912 ! 

154 

•56617 

194 

•71323 

35 

•12867 

75 

•27573 

115 

•42279 : 

155 

•56985 

195 

•71691 

36 

•13235 

76 

•27941 

116 

•42647 

156 

•57353 

196 

•72059 

37 

•13604 

, 77 

•28309 

117 

•43015 i 

157 

•57721 

197 

•72426 

38 

•13970 

1 78 

•28676 

118 

•43382 , 

158 

•58088 

198 

•72794 

39 

•14338 

! 79 

■29044 

119 

•4375 

159 

•58456 

199 

•73162 

40 

•14706 

80 

•29412 

120 

•44117 

160 

•58823 

200 

•73529 
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Feet 

Dee. Parts. 

Feet. 

Dec. Parts. 

Feet. 

Dec. Farts. 

Feet. 

Dec. Parts. 

Feet. 

Dec. Parts. 

201 

•73897 

216 

•79412 

231 

*84926 

245 

•90073 

259 

•95221 

202 

•74265 

217 

•79779 

232 

•85294 

246 

•90441 

260 

•95588 

203 

•74632 

218 

•80147 

233 

•85662 

247 

•90809 

261 

•95956 

204 

•75 

219 

•80515 

234 

*86029 

248 

•91176 

262 

•96323 

205 

•75367 

220 

80882 

235 

•86397 

249 

•91M4 

263 

-96691 

206 

•75735 

221 

•8125 

236 

•86765 

250 

•91912 

264 

•97059 

207 

•76103 

222 

•81617 

237 

•87132 

251 

•92279 

265 

•97426 

208 

•76470 

223 

•81985 

238 

•875 

252 

•92647 

266 

•97794 

209 

•76838 

224 

•82353 

239 

•87867 

253 

•93015 

267 

•98162 

210 

•77206 

225 

•82721 

240 

•88235 

254 

•93382 

268 

•98529 

211 

•77573 

226 

•83088 

241 

-88604 

255 

•9375 

269 

•98897 

212 

•77941 

227 

•83456 

242 

•88970 

256 

•94117 

270 

•99265 

213 

•78309 

228 

•83823 

243 

•89338 

257 

•94485 

271 

•99632 

214 

•78676 

229 

•84191 

244 

•89706 

258 

•94853 

272 

1-00000 

215 

•79044 

230 

•84559 








2321. The subjoined table shows the number of plaintUes or pantiles required to cover 
any area from 1 to 10,000 feet. 



PlaintUes. 

1 Pantiles. 

Feet super- 
ficial. 

Gauges. 

Gauges. 


6 inches. 

6| Inches. 

7 inches. 

11 inches. 

12 inches. 

13 inches. 

1 

n 

7 

6J 

If 

n 

ij 

2 

15 

14 

13 


3 

2i 

3 

22i 

21 

19J 

5 


4 

4 

30 

28 

26 

n 

6 

SJ 

5 

371 

35 

32j 

H 

n 

6§ 

6 

45 

42 

39 

10 

9 

8 

7 

521 

49 

45.J 

m 

lOJ 

9J 

8 

60 

56 

52 

m 

12 

10| 

9 

67i 

63 

58^ 

15 

13^ 

12 

10 

75 

70 

65 

16| 

15 

ISJ 

20 

150 

140 

130 

33J 

30 

26i 

30 

225 

210 

195 

50 

45 

40 

40 

300 

280 

260 

66| 

60 

53^ 

50 

375 

350 

325 

83J 

75 

66§ 

60 

450 

420 

390 

100 

90 

80 

70 

525 

490 

455 

1161 

105 

93j 

80 

600 

560 

520 

133J 

120 

1061 

90 

675 

630 

585 

150 

135 

120 

100 

750 

700 

650 

166§ 

150 

133J 

200 

1500 

1400 

1300 

333| 

300 

266| 

300 

2250 

2100 

1950 

500 

450 

400 

400 

3000 

2800 

2600 

66 6§ 

600 

533j 

500 

3750 

3500 

3250 

833J 

750 

666? 


4500 

4200 

3900 

1000 

900 

800 

700 

5250 

4900 

4550 

1166| 

1050 

93^ 

800 

6000 

5600 

5200 

1333J 

1200 

106 6| 

900 

6750 

6300 

5850' 

1500 

1350 

1200 


7500 

7000 

6500 

1666| 

1500 

1333J 


15000 

14000 

13000 

3333J 

3000 

2666§ 


22500 

21000 

19500 

5000 

4500 

4000 


30000 

28000 

26000 

6666§ 

6000 

5333J 


37500 

35000 

32500 

8333^ 

7500 

6666§ 

6000 

45000 

42000 

39000 

10000 

9000 

8000 

7000 

52500 

49000 

45500 

11666| 

10500 

9333J 


60000 

56000 

52000 

13333J 

12000 

10666J 


67500 

63000 

58500 

15000 

13500 

12000 


75000 

70000 

65000 

16666§ 

15000 

13333J 
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The use of the foregoing tables it can scarcely be necessary to explain, They are such 
as to indicate, on inspection, their value ; and we shall therefore leave them without fur- 
ther comment for their application. 

2322. When work is performed by the day, or the materials used are to be numbered, 
as ofttimes necessarily occurs, fire bricks, red rubbers, best marie stocks for cutters, 
second best ditto, pickings, common bricks, place bricks, paving bricks, kiln-burnt bricks, 
and Dutch clinkers are charged by the thousand. 

2323. Red rubbers, kiln and fire-burnt bricks, are also charged by the hundred. Foot 
tiles and ten inch tiles are charged either by the thousand or hundred. 

2324. Sunk foot tiles and ten-inch tiles with five holes, now never used in the south of 
England, are charged by the piece. 

2325. Pantiles, plaintiles, and nine-inch tiles are charged by the thousand. 

2326. Oven and Welsh oven tiles, Welsh hre lumps, fire bricks, and chimney pots are 
also sold by the piece. 

2327- Sand, clay, and loam are charged by the load ; lime sometimes by the hundred 
weight; but the hundred of 100 pecks is the more usual measure in and about the metro- 
polis. Dutch terras is charged by the bushel, which is also sometimes the measure of 
lime. Parker’s cement is similarly charged. 

2328. Pantile and plaintile laths are charged by the bundle or load ; hair and mortar 
by the load ; hip hooks and T tiles by the piece. 

2329. Neither here, nor in the following pages, is it intended to convey to the reader 
more than the principles on which an estimate is founded. The prices of materials are in 
a state of constant fluctuation ; and though when we come to the consideration of the prices 
of joiner’s work, we intend, from the ingenious computations of Mr. Peter Nicholson, to 
give something approaching a constant value from the known performance of a good work- 
man, it is to be recollected by the student, that cases so vary as to make it impossible to 
give a list of prices and value, that would be of any value at the period of a month from 
the time of his reading this paragraph. The details of prices he must constantly watch if 
he intends to do justice to his employer. 

CARPENTRY AND JOINERY. 

2330. The works of the Carpenter are the preparation of piles, sleepers, and planking, 
and other large timbers, formerly much, but now rarely, used in foundations ; the centering 
on which vaults are turned ; wall plates, lintels, and bond timbers ; naked flooring, quarter 
partitions, roofing, battening to walls, ribbed ceilings for the formation of vaulting coves, 
and the like in lath and plaster, posts, &c. 

2331 . In large measures, where the quantity of materials and workmanship is uniform, 
the articles are usually measured by the square of 100 feet. Piles should be measured 
by the foot cube, and the driving by the foot run according to the quality of the ground 
into which they are driven. Sleepers and planking are measured and estimated by the 
foot, yard, or the square. 

2332. Plain centering is measured by the square ; but the ribs and boarding, being 
different qualities of work, should be taken separately. The dimensions are obtained by 
girting round the arch, and multiplying by the length. W here groins occur, besides the 
measurement as above, the angles must be measured by the foot run, that is, the ribs and 
boards are to be measured and valued separately, according to the exact superficial contents 
of each, and the angles by the linear foot, for the labour in fitting the ribs and boards, and 
waste of wood. 

2333. Wall plates, bond timbers, and lintels are measured by the cubic foot, and go 
under the denomination of^r in bond, 

2334. In the measurement and valuation of naked flooring, we may take it either by 

the square or the cube foot. To form an idea of its value, it is to be observed, that in 
equal cubic quantities of s mall and large timbers the latter will have more superficies than 
the former, whence the saving is not in proportion to the solid contents ; and the value, 
therefore, of the workmanship will not be as the cubic quantity. The trouble of moving 
timbers increases with their weight, hence a greater expenditure of time; which, though 
not in an exact ratio with the solid quantity, will not be vastly different, their sections not 
varying considerably in their dimensions. As the value of the saving upon a cube foot is 
comparatively small to that of the work performed by the carpenter, the whole cost of 
labour and materials may be ascertained with sufficient accuracy when the work is 
uniform. ^ 

2335. When girders occur in naked flooring, the uniformity of the work is thereby 
interrupted by the mortices and tenons which become necessary ; thus the amount arising 
from the cubic quantity of the girders would not be sufficient at the same rate per foot as 
is put on the other parts, not only because of the difierence of the size, but because of the 
mortices which are cut for the reception of the tenons of the binding joists. Hence, for 
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valuing the labour and materials, the whole should be measured and valued by the cubic 
quantity, and an additional rate must be put upon every solid foot of the girders ; or, if 
the binding joists be not inserted in the girders at the usual distances, a fixed price must 
be put upon every mortice and tenon in proportion to their size. The binding joists are 
not unfrequently pulley or chase-morticed for the reception of the ceiling joists ; sometimes 
they are notched to receive the bridging joists on them, and they should therefore be 
classed by themselves at a larger price per foot cube, or at an additional price for the 
workmanship, beyond common joisting. All these matters must be in proportion to the 
description of the work, whether the ceiling joists be put in with pulley mortices and 
tenons, or the bridgings notched or adzed down. 

2336. Partitions may be measured and estimated by the cube foot ; but the sills, top 
pieces, and door heads should be measured by themselves, according to their cubic contents, 
at a larger price ; because not only the uniform solidity, but the uniform quantity, of the 
workmanship is interrupted by them. The braces in trussed partitions are to be taken by 
the foot cube at a larger price than the common quartering, on account of the trouble of 
fitting the ends of the uprights upon their upper and lower sides, and of forming the abut- 
ments at the ends. 

2337. All the timbers of roofing are to be measured by the cubic foot, and classed 
according to the difficulty of execution, or the waste that occurs in performing the work. 
Common rafters, as respects labour, are rated much the same as joists or quarters ; purlins, 
which require trouble in fitting, are worth more, because on them are notched down the 
common rafters. The different parts of a truss should, to come accurately at the true 
value, be separately taken, and the joggles also separately considered, including the tenons 
at the ends of the struts ; morticing tie beams and principals, forming the tenons of the truss 
posts, morticing and tenoning the ends of the tie beams and principals, is in another class. 
The strapping is paid for according to the number of the bolts. Common or bridging rafters’ 
feet are also to be considered ; the size and description of the work being always matter 
for the consideration of the architect. 

2338. It is usual and fair to measure the l>attening of walls by the square, according to 
the dimensions and distances of the battening. 

2339. Ribbed ceilings are taken by the cubic quantity of timber they contain, making 
due allowance for the waste of stuff, which is offen considerable. The price of their labour 
is to be ordered by the nature of the work, and the cubic quantity they contain. 

2340. Trimmers and trimming joists are so priced as to include the mortices and tenons 
they contain, and also the tenons at the extremities of the trimmers. But to specify all the 
methods required of ascertaining the value of each species of carpenter’s work would be 
impossible, with any respect to our limits. They must be learned by observation ; all we 
have to do is with the principles on which measuring and estimating is conducted. 

2341. When the carcass of the building is completed, before laying the floors or lathing 
the work for receiving the plastering, the timbers should be measured, so that the 
scantlings may be examined and proved correct, according to the specification ; and in 
this, as a general rule, it is to be remembered that all pieces having tenons are measured 
to their extremities, and that such timbers as girders and binding joists lie at least 9 inches 
at their ends into the walls, or ^ of the wall’s thickness, where it exceeds 27 inches. In 
the measurement of bond timber and wall plates, the laps must be added to the net lengths. 
If a necessity occur for cutting parallel pieces out of truss posts (such as king or queen- 
posts), when such pieces exceed 2 feet 6 inches in length, and 2^ inches in thickness, they 
are considered as pieces fit for use, deducting 6 inches as waste from their lengths. 

2342. The boarding of a roof is measured by the square, and estimated according to its 
thickness, and the quantity of boards and the manner in which they are jointed. 

2343. Where the measurement is for labour and materials, the best way is, first, to find 
the cubical contents of a piece of carpentry, and value it by the cubic foot, including the 
prime cost, carting, sawing, waste, and carpenter’s profit, and then to add the price of the 
labour, properly measured, as if the journeyman were to be paid. It is out of the question 
to give a notion of any fixed value, because it must necessarily vary, as do materials and 
labour ; hence no tables or price-books are ever to be depended upon ; they gull the 
unwary, and mislead the amateur who consults them. The only true method of forming a 
proper estimate is dependent on the price of tunber and deals, for which general tables may 
be formed, and some will be presently given. 

2344. It is, perhaps, unnecessary to repeat that a load of fir timber contains 50 cube 
feet : if, then, we know the price of the load in the timber merchant’s yard, we may 
approximate the value of a cube foot as under. We will suppose the price to be, at the 
moment of estimating, 4/. iOs. per load. We shall then have-— 
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Prime cost of a load of fir - - - - - -4100 

Suppose the cartage (dependent on distance) - - - - 0 5 0 

Sawing into necessary scantlings - - - - -0100 

5 5 0 

Waste in converting equal to 5 feet, at per foot, the load being 105s. 0 10 6 

5 15 6 

20 per cent, profit on 51. 1 5s. 5d. -13 0 

£S 18 6 

2345. Now, — ' = 2 ‘77 shillings, or 2 shillings and 9 pence and nearly i farthing per 

foot cube. 

2346. It is only in this way that we can arrive at the value of work ; and it is much 
to be regretted that from no species of labour of the carpenter have been formed tables ca- 
pable of furnishing such a set of constants as would, by application to the rate of a journey- 
man’s wages, form factors, or, in other words, furnish data for a perpetual price-book. As 
we have before hinted, the best of the price-books that have ever been published are 
useless as guides to the value of work. The method of lumping work by the square is 
as much as possible to be avoided, unless the surfaces be of a perfectly uniform description 
of workmanship ; as, for instance, in hipped roofs, the principal trouble is at the hips, in 
fitting the jack rafters, which are fixed at equal distances thereon ; hence such a price may 
be fixed for the cubic quantity of hips and valleys as will pay not only for them, but also 
for the trouble of cutting and fixing the jack rafters. Such parts, indeed, as these should 
be separately classified ; but the analysis of such a subject requires investigation of enormous 
labour ; and as it must depend on the information derived from the practical carpenter, is. 
we fear, not likely to be soon, if ever, accomplished. 

2347. Mr. Peter Nicholson, a gentleman to whom the architect as well as the practical 
man are more indebted than to any other author on this subject, is the only person who 
has attempted to promulgate a system founded on the scientific basis to which we have just 
alluded; and we have much pleasure in here alluding to the value of his labour, and of 
placing before the reader the extent to which he carried it, regretting much that he did not 
further pursue an investigation, which we have carried to a greater extent, though not now 
so complete as we could have wished. 

2318. It is manifest that if the average time of executing each species of work were 
known, no difficulty could exist in fixing uniform rates of charge for it ; but, as we have 
observed, the parties who could best instruct us on the subject are those most interested in 
withholding such information as would be required for the purpose. We shall now pro- 
ceed to the question, premising that, for the present, we are only dealing with the cost of 
labour, that of the materials being a simple affair, as we have already seen in the case of 
ascertaining the value of a cubic foot of fir, and as we shall hereafter see in ascertaining 
the value of superficial feet of deals of any thickness. 

2349. In the subjoined tables, the price is represented by the days, or decimal parts of a 
day, in which one man can perform the quantity of that sort of work, against which such 
price is affixed. Hence, knowing the rate per day of such man’s wages, it forms a factor 
by which the value of the labour of such quantity of work will be estimated. We begin 
by centering. 

Centering. 

For plain cylindric vaults, fixed per square - - 2033 days. 

For groins of cylindric vaults, fixed per foot super. - - *057 

For guaged brickwork, per foot super. - *073 

For brick trimmers bridgewise, per foot super. - - ‘041 

For coach-head trimmers, per foot super. _ _ - *057 

For apertures, per foot run » , - - - *02 

2350. To apply this to practice, we will take the first article in the table, that of the 
centering of a cylindric vault, a square whereof, we see, will occupy a man 2*033 days to 
make and fix. Now, supposing such man’s wages to be 5». per diem, we have only to 
multiply 2‘033 by 5s. = 10'165, or nearly 10s. 2d. for a square of such work. The other 
items being similarly used, will give the results whereof we are in search. 

The next table is one composed of several miscellaneous articles, and is as follows : — 


Fir in bond and wood bricks, at per foot run _ - - *008 day. 

Fir in templates, lintels, and turning pieces, at per foot run - *.025 

Planing fir, from the saw, per foot super. - • - *017 

Rebating fir up to 2 in. by ^ - - - *■ " '025 

Rebating fir from 2 in. by J to 3 in. by 1} - - - *041 
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Single beading, up to f inch , « - - - 008 day. 

Single quirk beading, from I inch to IJ - - - - *012 

Return beads, worth double. 

The next table is for quarter partitions : — 

Common 4-inch, per square - - - - - 1 OSS days. 

Common 5-inch, per square - - - - -1*113 

Common 6-inch, per square - - - - - 1 *307 

Common 6-inch, circular plan, per square - - - 1 *888 

Common trussed frame, with king-post, per square - - 1 *743 

Common trussed frame, with king and queen-posts, per square 2*226 

The subjoined is a table for naked flooring : — 

Ceiling floor, framed with tie beams, binding and ceiling joists, fixed 

per square - . « - ^ - 1*355 days. 

Ceiling floor, with tie beams and ceiling joists only, fixed per 

square - - - - - - - -1 *065 

CeiUng joists only, fixed per square _ - _ - -646 

Single-framed floor, trimmed to chimney, and well holes less than 

9 inches deep, fixed per square - - - - - 1 *355 

The same, above 9 inches deep, fixed per square - - - 1 *646 

The same, if trimmed to party walls, add extra per square, *388. 

Single-framed floor, with one girder, fixed per square - - 1 *936 

Strutting to be paid for extra. 

Single-framed floor-case and tail-bays, fixed per square - - 2*130 

For every extra bay, add per square, *484. 

Framed floors, with girders, binding and ceiling joists, fixed per 

square - - 3*581 

Ground joists, bedded, fixed per square - - - -775 

Ground joists, framed to chimneys, fixed per square • - *968 

Ground joists, pinned down on plates and framed to chimneys, fixed 

per square - - - - - - -1 *065 

Girders reversed and bolted, per foot run - - - - *097 

Truss girder braces, 4 by 4, per foot run - - - . qg4 

If any of the above works be executed in oak, add one third. 

The following table is for roofing of various sorts : — 

Common shed roofing, one story high, fixed per square - - *968 

Common shed roofing, two stories high, fixed per square - - 1*033 

Common shed roofing, three stories high, fixed per square - - 1*113 

Single span roofing, one story high, fixed per square - - 1 *065 

Single span roofing, two stories high, fixed per square - - 1 *1 13 

Single span roofing, three stories high, fixed per square - - 1 *210 

If the above are with purlins, add *194 per square. 

If purlins are framed diagonally, add *388 per square. 

Hips and valleys, per foot run - - - - . -Og 

In common kerb roofing, add extra per square, when one 
side is kerbed - - - - - - *1 94 

When three sides *357 

• When four sides - - - - - - *516 

Girt of roofing, with framed principals, collar beams, and purlins, 

fixed per square 2*323 

Framed with principals, beams, king-pc^ts, purlins, and common 

rafters, fixed per square - _ _ _ _ 3*434 

If the principals and rafters are framed flush, and the purlins housed 
in, add *387 day to the above. 

Framed with principals, beams, king-posts, queen-posts, and common 

rafters, three stories, fixed per square - - - - 4*549 days. 

The same, four stories, fixed per square - - - _ 4.34 

Hips and valleys, per foot run - - - . - *145 

Hip and ridge rolls, fixed in iron, per foot run - - . *048 

Bedded plates to common span roofing, per foot run - - *008 

Bedded plates to framed roofing, as above, per foot run - *028 

‘ Diagonal and dragon pieces, per foot run - - . . *065 

Angular ties and struts, per foot run - - . . *032 

Rafters’ feet and eaves bond, per foot run - - - . *032 

The table for guttering is as follows : — 

Inch or inch and quarter deal and bearers, including 6-inch layer 
board, per foot super. 

The same in kerb roofs, per foot super. - - . . 
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For ftirrings and battenings^ table as follows : — 

If the stuff be f by inch, fixed per square . - - '872 day. 

If it has also to be cut out, add *146 per square. 

Battenings with quarters, 3 by 2 inches, fixed per square - - *92 

Battenings to quarters, 3 by 2 inches to window piers, fixed per 
square - - - « - - - -1 *355 

If the battens be fixed to plugs, add *29 per square. 

When any of the above are circular on the plan, half as much more 
must be added to the price of the work. 

Table for bracketing, including plugging, is as under ; — 

To straight cornices, fixed per foot super. _ , - . *089 day. 

To coved straight cornices, fixed per foot super. - . _ *065 

If circular on the plan, add one half more. 

To groins in passages less than 4 feet wide, fixed per foot super. *162 

To the same above 4 feet, fixed per foot super. - - - - *121 

2351. The works of the Joiner consist in the preparation of boarding, which is measured 
and estimated by the foot superficial. Of this there are many varieties ; as, edges shot ; edges 
shot, ploughed, and tongued; wrought on one side and edges shot; the same on both sides and 
edges shot ; wrought on both sides and ploughed and tongued. Boards keyed and clamped ; 
mortice clamped, and mortice and mitre clamped. The value per foot increases according 
to the thickness of the stuff. When longitudinal joints are glued, an addition per foot is 
made ; and if feather-tongued, still more. 

2352. The measurement and estimation of floors is by the square, the price varying as 
the surface is wrought or plain ; the method of connecting the longitudinal and heading 
joints, and also on the thickness of the stuff ; as well as on the circumstance of the boards 
being laid one after another or folded ; or whether laid with boards, battens, wainscot, or 
other wood. Skirtings are measured by the foot super., according to their position, as 
whether level, raking, or ramping. Also on the manner of finishing them, as whether plain, 
torus, rebated, scribed to floors or steps, or whether straight or circular on the plan. 

2353. The value of every species of framing must depend on the thickness of the stuff 
employed, whether it is plain or moulded ; and if the latter, whether the mouldings be 
struck on the solid, or laid in ; whether mitred or scribed, and npon the number of panels 
in a given height and breadth, and also on the form of the plan. 

2354. Wainscotings, window-linings, as hacks and elbows ; door linings, such as jambs 
and sofites ; back linings, partitions, doors, shatters, and the Uka, are all measured and 
valued by the foot super. The same mode is applied to sashes and their frames, either 
together or separately. 

2355. Skylights, the prices whereof depend on their plans and elevations, are also 
measured by the foot siiper. Framed grounds, by the foot run. 

2356. The value of dado, which varies as the plan is straight or circular, or being level 
or inclined, is measured by the foot super. 

2357. In the measurement of staircases, the risers, treads, carriages, and brackets are, 
after being classed together, measured by the foot super., and the string board is some- 
times included. The value varies as the steps may be flyers or winders, or from the 
risers being mitred into the string board, the treads dovetailed for balusters and the nosings 
returned, or whether the bottom edges of the risers are tongued into the step. The curtail 
step is valued by itself, and returned nosings are sometimes valued at the piece ; and if 
they are circular on the plan, they are charged at double the price of straight ones. Tlie 
handrail, whose value depends upon the materials and diameter of the well hole, or whether 
ramped, swan-necked, level, circular, or wreathed; whether got out of the solid, or in 
thicknesses glued up together, is measured by the foot run. The scroll is charged by 
itself, as is the making and fixing each joint screw, and 3 inches of the straight part at each 
end of the wreath is measured in. The deal balusters, as also the iron ones and the iron 
columns to curtail, housings to steps and risers, common cut brackets, square and circular 
on the plan, together with the preparing and fixing, are valued all by the piece. Extra 
sinking in the rail for iron balusters is valued by the foot run, the price depending on the 
rail as being straight, circular, wreathed, or ramped. The string board is measured by 
the foot super., and its value is greater or le^s as it is moulded, straight, or wreathed, or 
according to the method in which the wreathed string is constructed by being properly 
backed upon a cylinder. 

2358. The shafts of columns are measured by the foot super., their value depending 
upon the diameter, or whether it be straight or curved on the side, and upon its being 
properly glued and blocked. If the columns be fluted, the flutes are taken in linear measure, 
the price depending on the size of the flutes, whose headings at top and bottom are 
charged by the piece. Pilasters, straight or curved in the height, are similarly measured, 
and the price taken by the foot super. In the caps and bases of pilasters, besides the 
mouldings, the mitres are charged so much each, according to the size. 
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2359. Mouldings, as in double-face architraves, base and surbase, or straight ones struck 
by the hand, are valued by the foot super. Base, surbase, and straight mouldings wrought 
by hand, are generally fixed at the same rate per fix>t, being something more than double- 
faced architraves. When the head of an architrave stands in a circular wall, its value is 
four times that of the perpendicular parts, as well on account of the extra time required to 
fit it to the circular plan as of the greater difficulty in forming the mitres. So all hori- 
zontal mouldings on a circular plan are three or four times the value of those on a straight 
plan, the trouble being increased as the radius of the circle upon which they are formed 
diminishes. The housings of moulding are valued by the piece. The value of mouldings 
much depends on the number of their quirks, for each whereof the price increases. It will 
also, of course, depend on the materials of which they are formed, on their running figure, 
and whether raking or curved. 

2360. Among the articles which are to be measured by the lineal foot are beads, fillets, 
bead or ogee capping, square angle stafi^ inch ogees, inch quirk ogee, ovolo and bead, 
astragals and reeds on doors or shutters, small reeds, each in reeded mouldings, struck by 
hand up to half an inch, single cornice or architrave, grooved space to let in reeds and 
grooves. And it must be observed, that in grooving, stops are paid extra ; if wrought by 
hand, still more ; and yet more if circular. Besides the foregoing, narrow grounds to 
skirting, the same rebated or framed to chimneys, are measured by the foot run. Rule 
joints, cantilevers, trusses, and cut brackets for shelves are charged by the piece. 

2361. Water trunks are valued according to their size by the foot run, their hopper 
heads and shoes being valued by the piece- Moulded weather- caps and joints by the piece. 
Scaffolding, where extra, must be allowed for. Flooring boards are prepared according to 
their length, not so much each ; the standard width is 9 inches ; if they are wider, the rate 
is increased, each board listing at so much per list. Battens are prepared in the same 
way, but at a different rate. 

2362. The following memoranda are useful in estimating : — 

1 himdred (120) 1 2-feet-3-inch deals, 9 inches wide (each deal containing, therefore, 
2 feet 3 inches cube), equal 5| loads of timber. 

I hundred (120) 12-feet-2J-inch deals, 9 inches wide (each deal containing, therefore, 
1 foot 10 inches cube), equal 4^ loads of timber. 

1 hundred (120) 12-feet-l^inch deals equal 1 reduced hundred. 

1 load of 1^-inch plank, or deals, is 400 feet superficial. 

I load of 2-inch plank, or deals, Is 300 feet superficial. 

And so on in proportion. 

24 loads of 10-feet boards, at a 5-inch guage, w'ill finish one square. 

20 loads of 10-feet boards, at a 6-inch guage, will finish one square. 

17 loads of 10-feet boards, at a 7-inch guage, will finish one square. 

15 loads of 10-feet boards, at an 8- inch guage, will finish one square. 

1 3 loads of 10-feet boards, and 2 ft. 6 in. super., at a 9-incli guage, will finish one square. 

12 loads of 10-feet boards, and 2 ft. 6 in. super., at a 10-inch guage, will finish one square. 

20 loads of 12-feet boards, at a 5-inch guage, will finish one square. 

16 loads of 12-feet boards, at a 6-inch guage, will finish one square. 

14 loads of 12-feet boards, at a 7-inch guage, will finish one square. 

12 loads of 12-feet boards, and 4 feet super., at an 8-inch guage, will finish one square. 

II loads of 12-feet boards, and I foot super., at a 9-inch guage, will finish one square. 

10 loads of 12-feet boards, and 1 foot super., at a 10-inch guage, will finish one square. 

Battens are 6 inches wide. 

Deals are 9 inches wide. 

Planks are 1 1 inches wide. 

Feather-edged deals are equal to |-inch yellow deals ; if white, equal to slit deal. 

A reduced deal is 1 ^ inch thick, 1 1 inches wide, and 1 2 feet long. 

2363. It may here be useftil to advert to the mode of reducing deals to the standard of 
what is called a reduced deal, which evidently contains 1 ft. 4 in. 6 parts cube, for 12 ft. 
xllin. xl^in. =1:4: 46, or in decimals, 12ft. x -91666 ft. x *I 25 ft. = I -.375 cube 

ft. nearly. Hence the divisor 1 -375 will serve as a constant for reducing deals of different 
lengths and thicknesses. Thus let it be required to find how many reduced deals there are 
in one 14 feet long, 10 inches wide, and inches thick. Here 14ft. x *8333 ft. (or 10 in.) 
X -20833 (or 2^ in.) = 2*43042 cube feet, and =1 '767 reduced deal. 

2364. The table which is now subjoined exhibits the prices of deals and parts thereof 
calculated from 30/. to 95/. per hundred, a range of value out of which it can rarely happen 
that examples will occur, though it has fallen within our own experience during the late war 
to see the price of deals at a very extraordinary height. This, however, is not likely to* 
happen again. 
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2365. The above table we cannot suppose will require explanation ; but as we wish to be 
quite explicit, we will merely take one example for illustrating its use, premising, that if 
deals are at a price between, above, or below that stated in the first column, the rules of arith' 
metic must be applied for the intermediate prices. Suppose deals, then, to be at 45/. per 
hundred; an inspection of the table shows that the value of l^inch deal is Sd. per foot 
super., or 6d. run; that a 12<foot deal 2 inches thick is worth 6s. 8^. ; and that a foot 
run of 3-inch deal 1 1 inches wide, which is the standard width, is worth 9s. 8Jd. The pre- 
ceding table, which is applicable purely to joinery, is all that can be given in general terms 
as to the prices of work ; for. that which follows we are again indebted, partly to Mr. Peter 
Nicholson, and partly to our own industry. The information is not all that could be de- 
sired on the subject, nor, as we have before said, can constants of labour be easily obtained 
for every article in a building ; but, as far as they go, they must be considered valuable, 
though they seem not to have met with the reception they deserved. The value of the 
labour is given as before, in parts and decimal parts of a man’s labour in each description 
of work per diem, so that the factor to be applied to each is the rate per diem at which 
the journeyman is engaged. The first table subjoined is one for doors, and in the first 
article of it, by way of application, suppose the wages of the joiner be 5s. 6d. per diem, that 
= 5*5 shillings will be the factor, and the price, therefore, of the labour on a l|-inch door, 
both sides square, will be 5*5 x *06 = *330 shillings, or nearly 4d. per foot, without fitting 
and hanging. If to this be added the price of the quantity of deal used in it, from the 
foregoing table, we shall arrive at a result not far from its value. We proceed, then, in 
giving the constants of doors according to their most common descriptions. 


Hooks, 1 \ Inch thick. 

2-panel, both sides square 
4-panel, both sides square 
6-panel, both sides square 

2-panel, quirk ovolo and bead, and square back 
4-panel, quirk ovolo and bead, and square back 
6-panel, quirk ovolo and bead, and square back 
2-panel, l^ad and flush front, and square back 
4-panel, bead and flush front, and square back 
6-panel, bead and flush front, and square back 
2-panel, bead and butt front, and square back 
4-panel, bead and butt front, and square back 
6-panel, bead and butt front, and square back 
2-panel, quirk ovolo and bead on both sides 
4-panel, quirk ovolo and bead on both sides 
6-panel, quirk ovolo and bead on both sides 
2-panel, bead and butt on both sides 
4-panel, bead and butt on both ends 
6-panel, bead and butt on both ends 
2-panel, bead and flush on both sides 
4-paael, bead and flush on both sides 
6-panel, bead and flush on both sides 


- per foot super. *06 
•07 
•08 
•1 
'11 
•12 
•1 
•11 
•12 
•09 
•1 
•II 
•14 
•15 
•16 
•12 
•13 
•14 
•14 
•15 
•16 


2366. In applying the above table to other thicknesses, for every additional thickness of 
one quarter of an inch the rate per foot super, must be increased •005. 

2367. When the panels are raised on one side, *002 must be added, and double that 
(*004) when raised on both sides. If an astragal or ovolo is on one of the rising sides, 
*003 must be added, and double that ( *006) if such occur on both sides. Generally, if the 
number of panels be given, and the price per foot square on one side, with extra work on 
the other side, its price is one of the same number of panels, and the same number of 
panels on both sides minus the rate of the first from that of the last. But adding the 
difference of the second, we have the rate extra on both sides. Thus the rate is *06 for 
1 j-inch two-panel door, square on both sides, and for a two-panel door, square on one side, 
with quirk ovolo and bead upon the other, it is *1 . The difference is *04, which added to 
•1 = •! 5 for the rate of 1 |-inch two-panel door, with ovolo and bead on both sides. 

2368. We now turn to another of the items to be considered in measuring and 
estimating works, that of linings, wherein the difference of labour between square-fi'amed 
door linings, backs, elbows, sofites, or wainscotings, and door square on both sides, where 
the panels and thicknesses are alike, arises only from planing the panels and the framing on 
the other side of the door. If the difference, therefore, per foot, on the rate of a door square 
on both sides, and one square on one side, with any extra work on the other side, be added 
to the rate of door-linings, backs, elbows, sofites, or wainscoting framed square, we shall 
have the rate per foot for door-linings, window-linings, or wainscoting, taking the extra 
work as above considered. The rails and stiles are taken in the rates as not rebated, and 
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the framed linings for walls or apertures are supposed as made of stuff one quarter of an 
inch thinner than the doors. Linings are uusuallj about an inch thick, being stiffened by 
fixing to the wall ; but this depends on the distance of the panel’s recess from the framing, 
and on the depth of the moulding employed. 

Framed Inch Linings. 

1 -panel, square as in backs - - - _ _ per foot super. *051 


3- panel, square as in backs, and elbows measured together - -071 

4- panel, square as in backs, and elbows and sofites - •> *061 

3- panel, moulded as in backs, and elbows together - - *087 

4- panel ditto and sofites measured together - *077 

5- panel, quirk moulded as in backs, and elbows measured 

together ------- *095 

4-panel, quirk moulded as in backs, and sofites measured 

together ------- *085 


Semicircular moulded sofites in two panels seven times the straight. For each addi- 
tional quarter of an inch add *005 to the foot super. 

N. B. In the above table the backs, elbows, and sofites, though numbered as of 
3 and 4 panels, are only of one panel each, the number being collected. 

Inch and a quarter Door- Linings, one Panel high. 

Rebated ------- per foot super. *051 


Rebated and beaded ------ *058 

Double rebated, not exceeding 7 inches wide - - - *067 

Double rebated, not exceeding 7 inches wide, and one edge beaded *071 

Double rebated, not exceeding 7 inches wide, and both edges beaded *075 


If the plan be circular, the price increases as the diameter diminishes. 
Semicircular heads straight on the plan are worth five times as much as straight. 


Shutters, two panels in height, either shutters or flaps, inch framed, uncut. If mould- 
ings are described, they are considered as to be laid in, but if stuck on the framing, 
add *012 to the rate. Add *016 to the rate for every extra panel, and *012 for any 
extra height, and *008 if they are quirk moulded. 

Square ------- per foot super. *071 

Bead butt and square *1 

Bead flush and square ------ *111 

Bead flush and bead butt - - - - - *131 

Two panels in height, inch and quarter, uncut, adding for extras, as in the heading above. 
Moulded and square ----- . per foot super. *1 

Moulded bead butt - -- -- - - 11 ] 

Moulded bead and flush - - - - - *135 

Moulded on both sides - - - - - - *111 

Ovolo and bead, or quirk ogee front, and square back - - *103 

Ovolo and bead, or quirk ogee front, with bead and butt back - *1 23 


Wainscoting, IJ-inch, two panels high, with |quare fascia, framed up to ceiling. 

Square ------- per foot super. *039 

Moulded ------- *055 

Quirk moulded ------ -063 

Bead and butt ------- *051 

Bead and flush ------- *059 

Bead and flush, with three reeds - - - -075 

Should either of these be framed with raised mouldings, add *008 to the rate, or 
framed with more, *006 is to be added for each additional panel in height. 


Wainscoting, IJ-inch dwarf, one panel high, including square skirting. 

Square ------- per foot super. *047 

Moulded *063 

Quirk moulded ------ *071 

Bead and butt ------- *059 

Bead and flush ------- *067 

Bead and flush, with three reeds - - - *083 

If dwarf wainscoting be framed with two panels in height, add *016 to the rate, as in 
full wainscoting. When raked to stairs, "023 extra, and when with raised mould- 
ings, *007. All cappings are measured nm, and the skirtings of stairs must be 
taken separately from their wainscoting. 
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Theee-quarter-inch or Slit Deal, from the bench. 

Edges shot 

Wrought on one side - . - - - 

Wrought on one side, grooved, tongued, and beaded 
Wrought on two sides, and edges shot - - - 

Wrought on two sides, grooved, tongued, and beaded 
When joints glued, add per foot ‘004. 

Inch and quarter Deal. 

Wrought on one side, and edges shot - - - 

Wrought on both sides, and edges shot « - - 

Wrought on one side, and ploughed and tongued 
Wrought on two sides, ploughed, tongued, and beaded - 
With glued joints, add *004 to the rate. 


Inch and half Deal. 

Edges shot . _ _ - - 

Ploughed and tongued - - - - 

Wrought on one side, with edges shot - 
Wrought on both sides, with edges shot 
Wrought on both sides, ploughed and tongued - 
With glued joints, add *012 to the rate. 

Two-inch Deal, from the bench. 

Edges shot - - - - - 

Ploughed and tongued - - 

Wrought on one side - - - - 

Wrought on both sides - - , 

Wrought on both sides, ploughed and tongued - 
With glued joints, add 016 to the rate. 

Two-and-half-inch Deal, from the bench. 

Edges shot - - - • 

Ploughed and tongued - • - - 

Wrought on one side - 

Wrought on both sides - - . 

Wrought on both sides, ploughed and tongued 
With glued joints, add *01 6 to the rate. 


- per foot super. *004 
•016 
•028 
-028 
•04 


- per foot super. *02 
•032 
*036 
•052 


- per foot super. *008 
•024 
•02 
036 
052 


- per foot super. *02 
036 
•028 
044 
056 


- per foot super. 028 
048 
•048 

. 063 

083 


Three-inch Deal. 

Edges shot per foot super. *032 

Ploughed and tongued . ^ _ 056 

Wrought on one side ------ 056 

Wrought on both sides ----- 08 

Wrought on both sides, ploughed and tongued - - '103 

With glued joints, add 01 6 to the rate. 


Inch Boarding, one side planed. 

Ploughed and tongued - - - 

Glued joint - - - - 

Clamped - - - - 

Mortice clamped - - - 

Laid with straight joint in floors 
Keyed dado - - - - 

Keyed in backs and elbows 
Wrought on both sides, ploughed and tongued 
Wrought on both sides, glued joint 
Groove-clamped flaps to shutters, in one height 
Clamped flaps to shutters, in two heights 
Inch mortice, clamped, outside shutters 
Ledged doors, with plain joint 
Ledged doors, ploughed, tongued, and beaded 


- per foot super. ^24 

•03 

•056 

•063 

•02 

-044 

- *056 
-036 
-04 
*053 
•071 
*063 
•044 
•056 


Preparing Flooring Boards, guaged to a width, and rebated to a thickness not more 
than 9 inches wide. 

Inch deals, 10 feet long 
Inch deals, 12 feet long 


- for each board -063 
•075 
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P&EPARiNG Flooring Boards. 

Inch deals, 14 feet long 
Inch and quarter deals, 10 feet long 
Inch and quarter deals, 1 2 feet long 
Inch and quarter deals, 14 feet long 
Inch and quarter battens, 1 0 feet long 
Inch and quarter battens, 12 feet long 
Inch and quarter battens, 1 4 feet long 


for each board -087 
•071 
•083 

■I 

•044 

•056 

•075 


Mouldings, from the bench. 

Double-faced architraves - - - - _ per foot super. 

Base and surbase 

When above 4 inches girt, struck by hand « - _ 

In a combination of mouldings, with more than two quirks, add ‘01 6 for each. 


•Ill 

•127 

•127 


Inch and Inch and quarter framed Grounds to Doors, from the bench. 

Both edges square - - - - - - per foot run *028 

One edge square, and the other rebated and beaded - - *032 

Rebated on one edge, and beaded on both edges - - .036 

Framed to a circular plan with flat sweeps, the head to be thrice the rate of straight, 
but the smaller the sweep the greater the rate. 


Running Articles. 

Beads and flllets ...... 

Bead or ogee capping 
Inch ogee 

Inch quirked ogee, or ovolo and bead - . - . 

Square angle staff, rebated - - - - . 

Angle staff, rebated and beaded . . . . 

Single cornice or architrave ...... 

Small reeds in reeded mouldings, stuck by hand to ^ an inch 
Reeds above J an inch, stuck by hand, including grooved space 
Grooves in ornamental work - . . . - 

Narrow ground to skirting ..... 

Narrow ground to skirting, rebated or grooved 

Narrow ground, framed to chimneys .... 

Double-beaded chair rail ..... 

Plugging is included in the above rates. Such of the articles 
plan, to be double rate. 

Legs, rails, and runners to dressers .... 
Rule joints to shutters ..... 


per foot run *004 
•016 
•016 
•023 
•028 
•048 
•O'! 8 
•004 
•008 
•004 
•Oil 
•016 
•032 
•023 

as are circular on 

per foot run *055 
•063 


Stairs, inch and quarter nailed steps, with carriages. 

Flyers pgr foot super, fixed 

Winders 

Flyers, moulded and glued, with close string board 

Winders, moulded and glued, with close string board 

Moulded planceer under steps . . . - 

Housings to flyers _ - . . _ eacli 

Housings to winders - - . - - 

Common cut brackets to flyers .... 

Common cut brackets to winders . - _ 

Fancy brackets to be paid for extra, according to their value 


•08 

•111 

•103 

•135 

•04 

•127 

*2 

-143 

•286 


Handrail, 2 inches deep and 2j inches broad. 

Deal, moulded - . . ^ . » per foot run fixed 

Deal, moulded and ramped .... 

Deal, moulded, level, circular .... 

Deal, moulded, wreathed ..... 

Mahogany, moulded, straight .... 

Mahogany, moulded, ramped . . . _ 

Mahogany, moulded, ramped, swan-necked . - - 

Mahogany, moulded, level, circular _ - . 

Mahogany, moulded, wreathed, from 1 2 in. and above 
Mahogany, moulded, wreathed, under 12 in. 

Mahogany, moulded, wreathed, not less than 12 in. opening - 
Mahogany, moulded, wreathed, under 12 in. opening 


•111 

■495 

•413 

1-2 

•263 

•831 

•927 

1*08 

1-6 

1-8 

2*3 

3-4 
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Hamdbau^ 

Extra sinking to rail, for^ iron balusters 
Extra sinking to rail, in ramp or wreath 
Mahogany moulded cap, wrought by hand, each 
Mahogany moulded cap, turned and mitred, each 
Mahogany scroll, each .... 
Making and fixing each joint with joint screw 
Making model and fixing iron balusters 
Making model and fixing iron columns to curtail, each 
Preparing and fixing deal bar balusters, each 


- per foot run fixed 032 
•1 

•495 

•4 

1-8 

•231 

2*095 

2-142 

•04 


Preparing and fixing deal bar balusters, dovetailed to steps - •OSG 

Every half rail is measured two-thirds of a whole one ; and all rails are measured 
3 inches beyond the springing of every wreath or circular part. 

All cylinders used in rads, glued up in thicknesses, to be paid for extra. 


The following have not been before computed ; — 

Fkench Casement Frames. 

Plain solid frames, oak sunk sills, weathered and throated for 

1^ inch French casements, quarters not exceeding 4 by 3 - per foot super, fixed *043 
Ditto, for 2-inch French casements, quarters 4 by 4 - *057 

Deal-cased frames, oak sunk sills, with wainscot stiles and 

beads, for 2-inch French casements ... *086 

Circular head, measured square ... - *258 

Circular circular head, curve \ inch to a foot - . *727 

If with mahogany stiles and l^ads, add on the wainscot - *021 

If any of the above are for 2^-inch sashes or casements, add 

on the deal ...... *014 

If any on the wsdnscot ..... *021 

If any on the mahogany ..... *028 

Extra grooves or beads, add .... per foot run 014 

Circuit on plan, fiat sweep, once and a half the straight. 

Quirk on plan, double. 


Sashes and Frames, fitted and bung. 

Deal cased frames, oak sunk sills, ]|-inch ovolo sashes, single 

hung brass pulleys, best white lines, and iron weights - per foot super. 

Ditto, double hung 

Ditto, double hung, circular head, measured square 
Ditto, circular on plan, flat sweep . . . - 

Deal cased frames, oak sunk sills, 2-inch ovolo sashes, single hung, 
brass pulleys, best white lines, and iron weights 
Ditto, double bung ------ 

Ditto, double hung, circular head, measured square 

Ditto, double hung, circular on plan, flat sweep 

Circular circular head, \ inch to the foot “ “ 

Deal cased frames, oak sunk sills, wainscot pulley pieces and 
beads, l^inch wainscot astragal sashes, brass axle pulleys, single 
hung with patent lines 

Ditto, double hung - — - - - 

Deal cased fi’ames, oak sunk sills, wainscoat pulley pieces and 
beads, 1^-inch wainscot astragal sashes, brass axle pulleys with 
patent lines, circular on plan, flat sweep _ _ . 

Circular circular head, ^ inch to the foot . - _ 

Deal cased frames, oak sunk siUs, wmnscot pulley pieces and 
beads, 2-inch wainscot astragal sashes, brass axle pulleys, double 
hung with patent lines - - - - 

Ditto, circular head, measured square - - - - 

Ditto, circular on plan, flat sweep - - - 

Circular circular head, ^ inch to the foot _ - - 

Deal cased frames, oak sunk sills, mahogany pulley pieces and 
beads, l^-inch Spanish mahogany astragal sashes, brass pulleys 
and patent lines, ^ngle hung . _ . - 

Ditto, double hung 

Ditto, circular head, measured square - - - - 

Ditto, circular on plan, flat sweep _ . - - 

Circular circular head, J inch to the foot . - - 

Deal cased frames, oak sunk sills, mahogany pulley pieces and 


•086 

•100 

•257 

•143 


•100 

•107 

•272 

•157 

•770 


•121 

•143 


*172 

•866 


•143 

•342 

•214 

•909 


•157 

■171 

*371 

•257 

•98 
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Sashes and Frames. 

beads, 2-inch Spanish mahogany astragal sashes, brass pulleys 

and patent lines - - - - - ^ - per foot super. *178 

Ditto, circular head, measured square .... <399 

Ditto, circular on plan, flat sweep . _ . . *272 

Deal cased frames, oak sunk sills, mahogany pulley pieces and 
beads, 2|-inch Spanish mahogany astragal sashes, brass axle 

pulleys and patent lines ----- *243 

Ditto, circular on plan, flat sweep - - - _ *315 

Circular circular head \ inch to the foot - - - 1-123 

If Honduras mahogany, deduct from the straight - - -029 

If Honduras mahogany, deduct from the circular - - -043 

If lamb’s tongue, or other modern modelled bar, add on the 

astragal - *014 


Venetian and Palladian Sashes and Frames, fitted and hung. 

Venetian deal cased frames, oak sunk sills, inch ovolo sashes, 

brass pulleys, double hung with best flax line and iron weights, per foot super. 
Ditto, with 2-inch sashes - - - - - 

Ditto, circular on plan, flat sweep . - . _ 

Palladian head, measured square - - . . 

Circular Palladian head, measured square - . - 

Venetian deal cased frames, wainscot pulley pieces and beads, 

IJ-inch wainscot astragal sashes, brass pulleys and patent lines, 
double hung 

Ditto, with 2-inch sashes - - - . _ 

Ditto, circular on plan, flat sweep - - - . 

Ditto, Palladian head, measured square - . - 

Circular Palladian head, measured square - - - 

If any of the above are in 2J-inch wainscot, add on the 2-inch 
straight 

Ditto, on the circular ------ 

Ditto, on the circular circular - - - . 

If in Spanish mahogany, add on similar article in straight wainscot 
Ditto, on the circular ------ 

If lamb’s tongue, add on the astragal - . . . 

When any of the above sashes are with a bevelled bar up to the 
rebate, add on the astragal - • - . - 

French Casements, fitted and hung. 

1^-inch deal ovolo ------ pgy foot super. 

2-inch deal ovolo ------ 

2.^-inch deal ovolo ------ 

1^-inch wainscot ------ 

2-inch wainscot 


l^-inch Honduras mahogany - - - - - 

2-inch Honduras mahogany - - - . _ 

2 ^-inch Honduras mahogany - - - - - 

l^-inch Spanish mahogany - - . - . 

2 - inch Spanish mahogany - - _ . - 

2 i-inch Spanish mahogany - - - - - 

If with margin lights, add on the deal - - - - 

If with margin lights, add on the wainscot - . _ 

If with margin lights, add on the mahogany g - _ 

If in two heights, add - - - 

If in two heights add, on the wainscot - - - - 

If in two heights, add on the mahogany 

Circular on the plan, flat sweep, once and a half the straight, and 
exceeding \ inch to the foot, double. 

If astragal and hollow lamb’s tongue, or other modem bar, add - 
If with bevelled bars up to the rebate, add on the astragal and 
hollow 


Extra rebated edges, grooves, or beads, in deal - 
Extra rebated edges, grooves, or beads, in wainscot 
Extra rebated edges, grooves, or beads, in mahogany 
Sktligmts, fixed. 

1^-inch deal ovolo - - ’ - 


- per foot run 


•111 

•129 

•172 

•286 

•866 


•157 

•172 

■200 

•342 

*952 

•014 

•028 

*043 

•043 

•114 

•007 

•014 


■057 

•064 

•071 

•078 

•086 

•100 

•086 

•100 

•114 

•100 

•114 

•129 

•018 

"029 

•036 

•021 

•029 

•043 


•014 

•007 

•014 

■021 

•028 


- per foot super. •043 
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Skvlights. 

2-mch deal ovolo . - 

S-inch oak ovolo 
If astragal and ovolo, add 


- per foot super. *050 
•071 
•007 


Dado. 

^inch deal, keyed - - _ 

1-inch deal keyed - - _ 

Raking and scribed to steps, add 

If ploughed and tongued, add - 

If feather-tongued, add 

Circular on plan, fiat sweep 

Circular on plan, quirk sweep - 

If 1^-inch deal, add on the straight 

If 1^-inch deal, add on the circular 

Narrow dado grounds 

Narrow dado grounds, circular flat sweep 


- per foot super. -043 
*050 
•012 
•007 
•012 
•143 
•229 
•007 
•014 
•018 
•043 


2369. We have now enumerated the principal articles of joinery in use. If further in- 
formation be sought, and the reader have not the means of tracing the value in the way 
by which the constants already given have been obtained, he may refer to some of the 
price books, whereof we consider Skyring’s to be as well digested as any of those that are 
annually published. 

2370. Slater. The work of the slater is measured and estimated by the square of 100 

feet superficial. Of the different sorts of slate, and how much a given quantity of each 
will cover, we have already spoken in Chap. II. Sect. IX. (1798, et To measure 

slating, in addition to the nett measure of the work, 6 inches are allowed for all the eaves, 
and 4 inches by their length for hips ; such allowance being made in the first-named case 
because the slates are there double, and in the latter case for the waste in cutting awav the 
sides of the slates to fit. When rags or imperial slates are used an additional allowance of 
9 inches is made for the eaves, because those slates run larger than the other sorts. 

2371. Mason, Solid works, such as pilasters, cornices, coping, stringings, and other solid 
works, should be first measured to ascertain the cubic quantity of stone they contain as 
going from the hanker to the building ; and on this, work, as it may happen to be the 
plain work, sunk work, moulded or circular work, must be measured in superficial feet 
and separately valued. It is usual to allow a plain face to each joint, but no more than 
one should be taken to a S-feet length. In staircases the flyers should be taken where 
splayed on the back, their full length and width by three fifths of the depth of the riser, to 
allow for waste in getting two of the steps from the same block of stone. The measure- 
ment for the winders seems to be most properly conducted by ascertaining the nett cubic 
contents of them, and then making the allowance for waste. Indeed this is a more proper 
and satisfactory mode for the flyers. The top of the treads are then taken on the super- 
ficies as plain work, and the fronts and ends of the risers as moulded work. In an open 
staircase, the under side of the flyers is measured as plain work ; the under side of the 
winders as circular plain work j the rebates, cuttings out, pinnings in, &c., as they are 
found. Cylindrical work, such as of columns, after the cube quantity is ascertained, is 
measured as equal to plain work twice taken. In Portland dressings to chimneys, where- 
ever edges appear, it is customary to add an inch to the dimensions for extra labour ; to 
marble, ^ of an inch ; or to take the running dimensions of the edges. 

2372. Paving slabs and stones under 2 inches thick are taken by superficial measure. 
Cornices are measured by obtaining their girt, and multiplying by their length for the 
quantity of moulded work in them. 

2373. The following are a few constants of the chief articles of labour in mason’s work, 
applicable, as before mentioned, in tlj^ carpenter’s and joiner’s works. 


Plain work _ . - 

Plain work, rubbed to free 

Plain work, tooled 

Sunk work . - - 

Moulded work _ - - 

Moulded work, stopped 

Gothic moulded work 

Gothic moulded work, stopped 

Gothic moulded work, circular 

Circular plain work 

Circular sunk plain work 

Circular moulded plain work 

Circular, plain moulded work, stopped 


- per foot super. -1 66 

•18 

•208 

•222 

•278 

•333 

•445 

- ■ -528 

•556 

•264 

•333 

•361 

•416 



Chap. III. 


MEASURING AND ESTIMATING. 


641 


2374. Founder. The proper mode of estimating cast iron is by the ton or cwt. 
Moulds for the castings, when out of the common course, are charged extra. Very often, 
too, cast iron pipes and gutters are, according to their sizes, charged by the yard. ( See 
1754, et seq .') 

2375. Smith and Iron»ionger. Wrought iron for chimney bars, iron ties, screw bolts, 
balusters with straps, area gratings, handrails and balusters, hook-and-eye hinges, brackets 
for shelves, chains for posts, wrought iron columns with caps and bases, fancy iron railing, 
casements, shutterbars, and the like, are charged by the pound, at various prices, according 
to the nature of the work. In the ironmonger’s department nails and brads are charged by 
the hundred, though sold by weight, seldom exceeding 900 to the 1000. Screws, which 
take their names from their length, are charged by the dozen. Cast, and also wrought butts 
and screws, cast and wrought back daps, butts and screws, sido or hinges, with screws, by 
the pair. All sorts of bolts with screws, of which the round part of the bolt determines the 
length, by the inch, f-j hinges and cross garnet hinges, by the pair. Other hinges and 
screws by the piece. Locks by the piece. Pulleys according to their diameters. On all 
ironmongery 20 per cent, is charged on the prime cost. (See 2253, et 

2376. Plasterer. The work of the plasterer is measured, generally, by the yard. The 
most usual way of measuring stucco partitions and walls is, to take the height from the 
upper edge of the ground to half way up the comice, the extra price of the stucco making 
good for the deficiency of floated work under it. In ceilings and other work, the surface 
under the cornice is often taken, because there is no deficiency but in the setting, and that 
is compensated for by the labour in making good. Cornices are measured by the foot, and 
estimated according to the quantity of mouldings and enrichments they contain. Where 
there are more than four angles in a room, each extra one is charged at the price per foot 
run extra of the cornice. Stucco reveals are charged per foot run, and according to their 
width of 4 or 9 inches or more. Quirks, arrisses, and beads by the foot run, as are margins 
to raised panels, small plain mouldings, &c. In the case of enriched cornices and mould- 
ings, and flowers to ceilings, they must be considered with reference to the size and quantity 
of ornament. For these, the papier mache ornaments, (see 2251. ) which are much lighter, 
are coming now into very general use, and from the ease and security with which they are 
fixed, will, we have no doubt, within no very distant period, supersede all use of plaster 
ornaments. In subsection 2248 will be found some information useful in the investigation 
of the value of plasterers’ work, and which might form the basis for a set of constants 
under that head. But we have not been able to obtain sufficient data for carrying them 
completely out ; which, from the minor importance of this branch of building, is perhaps 
of no very great consequence. 

2377. Plumber. The work of this artificer is charged by the cwt., to w’hich is added the 
labour of laying the lead. Water pipes, rain-water pipes, and funnel pipes are charged by 
the foot, according to their diameter ; so also are socket pipes for sinks, joints being 
separately paid for. Common lead pumps, with iron work, including bucket, sucker, &c., 
at so much each ; the same with hydraulic and other pumps, according to their diameters. 
In the same manner are charged water-closets, basins, air traps, washers and plugs, spindle 
valves, stop-cocks, ball-cocks, &c. (See 2212, et seq .') 

2378. Glazier. The work of the glazier is measured and estimated by the superficial 
foot, according to the quality of the glass used; it is always measured between the rebates. 
(See 2225, et se^.) 

2379. Painter. In the measurement and estimation of painting, the superficial quantity 
is taken, allowing all edges, sinkings, and girths as they appear. Wlien work is cut in on 
both edges it is taken by the foot run. '1 he quantity of feet is reduced to yards, by which 
painting is charged for large quantities. In taking iron railing the two sides are measured 
as flat work ; but if it be full of ornament, once and a half, or twice, is taken for each side. Sash 
frames are taken each, and sash squares by the dozen. On gilding we have already spoken 
in Sect. XII. (2267, et seq .') Cornices, reveals to windows and doors, strings, window sills, 
water trunks and gutters, handrails, newels, &c., are taken by the foot run. Many small 
articles by the piece. Plain and enriched cornices by the foot run, according to the quan- 
tity of work in them. Work done from a ladder is paid for extra. The price depends on 
the number of times over that the work is painted ; and the labour is usually considered as 
one third of the price charged. Imitations of woods and marbles are also charged extra. 

2380. Paperhangeu. In common papers the price varies according to the colours or 
quantity of blocks used in printing it. Embossed and other papers are of higher prices. 
These, as well as lining paper, are charged by the piece, containing 63 feet super. The 
hanging is charged separate, and borders, mouldings, &c. by the yard run. (See 2278.) 
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Sect. I. 

r/RAWING IN GENERAL. 

2381. Under this section it is not our intention to enter into the refinements of the 
art, but merely to make the attempt of directing the student to the first principles of a 
faithful representation of ordinary and familiar objects, with all their imperfections ; or, 
in other word^ of transferring to a plane sur&ce what the artist actually sees or con- 
ceives in his mind. This power is of vital importance to the architect, and without it 
he is unworthy the name. The practice, in these days, of employing draughtsmen to 
make drawings for competitions, is not less disgraceful to those who have recourse to such 
a practice, than to the committees and other bodies, who are, in nine cases out of ten, 
grievously misled and deceived by the practice. Every work in a competition should be 
strictly limited to lines in its representation, and without colour or shadow. It is not very 
long since that, in a great competition, we saw drawings shadowed in a way that must 
have bad some other luminary than the sun to light them, unless he had changed for the 
moment the usual course in which he travels through the heavens, for the gratification of 
the luminous draughtsman who craved his special aid. We regret that architects generally 
do not throw aside the pernicious system. There are some few who have done so, and are 
indebted to the practice for the rank they hold. We shall here merely add, before entering 
on the subject, that in our opinion, the greatest curse that in these days !)a$ fallen on archi* 
tecture, is the employmenl of draughtsmen, who with their trumpery colouring and violent 
effects mislead the silly men and common-place critics that usually decide upon the merits 
of their works. In the days of Jones, Wren, and Vanbrugh, this was fortunately not the 
case. We ourselves possess more than one drawing of Wren, which fully prove that the 
medium of expression for the workman in our own art was then simple, and wanted not such 
silly aids as those whereof we have been speaking. If proof be required, let the authori- 
ties, who ought better to direct these matters, make a pilgrimage to Oxford, and there 
examine the drawings of Wren, whose equal we cannot point to in the present age. Let 
them examine the way in which Inigo Jones went to work from the MS. notes on his copy 
of Palladio, now at Worcester College, and we may hope to see better days. The present 
mode is that of making a pretty picture ; and he who makes the prettiest, provided he have 
a reasonable number of friends in a committee, is the lucky candidate. But we are wan- 
dering from the subject, and must return to that which heads the section. 

2382. The usual mode of teaching drawing now in use is, as we conceive, among the 

most absurd and extravagant methods of imparting instruction that can be well conceived. 
The learner is usually first put to copying drawings or prints, on which he is occupied for 
a considerable time. How much more would he learn, and how much more quickly, by 
drawing at once from the figure or its parts ; thus at once, for that the thing is quite 
possible, we know from experience, acquiring the power of transferring to a plane sur- 
fece the representation of that which is placed before his eye ? .-\nd here we deem it 

proper to apprise the reader that the representation of form is all that the architect 
requires. The power of doing this is no slight acquirement. Under perspective, we 
shall see in the following section, that for all geometrical solids the representation is 
dependent on mechanical means, of which every one may easily possess himself; and these 
may, if it be desirable, be shadowed truly by the methods given in Section III. ; but the un- 
dulating form of the figure, and the infinite variety of a landscape, by changing the situation 
of the spectator, is more the matter now to be considered. As to the materials to he used 
for the purpose, a black lead pencil and some Indian ink or sepia are all that the architect 
can want. On them we shall not therefore stop to waste his and our own time. It is the 
practice of going further that has excited the observations with which we began. 

2383. We are fully aware of the impossibility by writing merely, without the aid of a 
master at the student’s back, to teach any one the art of drawing. Much, nevertheless, 
may be imparted, namely, the mechanical means, assisted by a general knowledo-e of per- 
spective, to place the different parts of a figure or landscape not so violently out of their 
proper places in the representation as to offend the eye. Here let us mention that our 
impression is, and we do not believe that any artist will venture to contradict it, that he 
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who can draw the figure will be able to draw any other object or objects that are submitted 
to him for representation. Besides this, the freedom he will obtain in the use of his pencil 
by first employing it in this way, will impart a facility which is by no other means to be 
attained. This was one of the great powers possessed by the artists of Italy ; this made 
them painters, sculptors, and architects, combining the three arts in one person, and this, lost, 
has separated the three arts, and the want of it reduced our Academy, with a few exceptions, 
to parties of whom, with all our best feelings towards them, it cannot be said they are those 
upon whom the mantle has fallen to do the like. Portrait painting, good enough of itself, 
has banished real art. This, however, is not the fault of the Academy, but of the selfish 
feeling of the nation. 

2384. We have also, before entering on the few principles to be given, to premise that 
though for the painter and sculptor a knowledge of anatomy is absolutely requisite, we do 
not insist upon that for our purpose. It is only to be so far known as to remember that 
the carpentry of man is his skeleton, and the muscles and integuments the lath and plaster 
put on the framing. We mean, in fact, that a general knowledge of it for drawing is well 
to be possessed. 

2385. The method proposed in the following pages is as old, at least in principle, as the 
time at which we ourselves began to learn the art ; and we are therefore surprised that it 
should have been lately published as new in Paris, by M. Dupuis. (“ De V Enseignement du 
Dessin sous le point de rue industrielt' 1836.) The principles of the work, however, are 
perhaps better expressed and arranged, in some respects, than we might have presented 
them to the reader ; and we shall not, therefore, apologise to our readers for the free use 
we intend to make of it, premising, however, that we do not in any way admit its novelty, 
and that, in respect to the whole figure and the application of the method to landscapes, 
what follows is not found in the work of M. Dupuis. 

2386. Outline is. the foundation of all drawing, the elementary alphabet of graphic art. 
Every representation of an object, or series of objects, however complicated, is, in reality, 
but a set of outlines modified by right and curved lines. The knowledge of these lines, 
and of their several properties, will greatly abridge the labour of the student, inasmuch as 
the power, if we may so express ourselves, of reading and writing them by calculating 
the relations of size and distance which exist between their parts, is, in fact, the faculty of 
drawing. The elements of perspective may be previously so far entered upon as to acquire 
facility in drawing in every position, without the aid of those rules which are given in 
Sect, II. ; the cube, cylinder, sphere, pyramid, and other solid bodies, upon which, from the 
objects themselves actually before him, the student may begin to work. Having acquired 
freedom and power of accurate representation in this respect, and also a dexterity in the 
use of his pencil generally, he may commence his operations on the figure itself. 

2387. Between the ancient mode of teaching the student (we will take the head, for 
instance, shown in Jig. 809. as the first roughing of the leading lines of that which in 
Jig. 812. has reached its completion) and 
the method practised by M. Dupuis, the only 
difference is this, that M. D., instead of let- 
ting the student form the rough outline at 
once from tlie finished bust, roughing out 
on paper the principal masses, provides a se- 
ries of models roughly bossed out in their 
different stages, which he makes the student 
draw. The system is ingenious ; but as the 
greatest artists have been made without the 
modification in question, we do not tliink it 
material ; at all events, the principles are the 
same. M. Dupuis, for this purpose, has a 
series of sixteen models, the first of each four 
of the series are quite sufficient to show the 
old as well as his own practice, llius, in 
Jig. 809., the general mass of the oval of the head is given, in which it is seen that the 
profile is indicated by an obtuse angle, whose extreme point corresponds with the lower 
part of the nose, and the lines at one extremity terminate with the roots or commencement 
of the hair, and at the other with the lower jaw. TTie form of the rest of the head is the 
result of combining the most projecting points of it by curved lines, in short, of supposing 
a rough mass, out of which the sculptor might actually, in marble or other material, form 
the head. 

2388. The next step is exhibited in^^. 810., with the four principal divisions: the occi- 
pital to the beginning of the hair, the forehead to the line of the eyes the projection of the 
nose, and the inferior part of the face, with some indication of the mouth. 

2389. In Jig. 811. it will be seen that another step is gained. The eyes (here only one 
appears, but we speak with reference to the subject, being less in profile), the mouth, the 

T t 2 




644 


THEORY OF ARCHITECTURE. 


Book IJ 


chin, and the ear are more clearly marked out, 
with some sort of expression of the whole work, 
but still without details, though sufficiently in- 
dicating that little more is necessary to bring 
the rude sketch oijig. 809. to a resemblance. 

2390. In Jig. 812. this is obtained ; but still, 
according to the degree to which an artist con- 
siders finishing necessary, to be further pursued 
and carried through to make a perfect drawing ; 
all that is here intended being to show the 
principles upon which the matter is conducted, 
and upon which we shall presently have further 
observations to make. It will be observed that 
on the shadowing and finishing in this way; the 
drawings the student may make we set no 
value : when he can draw, if those matters be 



Fig. 811. 



Fig. 812. 


of importance to him, they will not be difficult of acquisition. We scarcely think it here 
necessary to repeat that, having accomplished the art of drawing with tolerable correct- 
ness the figure, the architect will have few difficulties to contend with in drawing the most 
complex and elaborate ornaments employed in architecture. The principles are precisely 
the same ; but we wish here to impress upon him the necessity of recurring to nature herself 


for his ornaments : a practice which will always impart a freshness and novelty to them 


which even imitation of the antique will not impart. 


2391. The port crayon, whether carrying chalk or a black lead pencil of moderate weight 
and size, say full seven inches long, is the best instrument to put into the hands of the be- 
ginner. The first object he must consider in roughing the subject, as in Jig. 809., is the 
relation the height of the whole bears to. its width ; and this determined, he must proceed 
to get the general contour, without regard to any internal divisions, and thus proceed by 
subdivisions, bearing the relative proportions to each other of the model, comparing them 
with one another and with the whole. We will now show how the port crayon assists in 


this operation. Let the pupil be supposed seated before the model, at such a distance from 
it that at a single look, without changing the position of his head upwards, downwards, or 
sideways, his eye takes in the whole of it. The strictest attention to this point is necessary, 
for difficulties immediately present themselves if he is too near, as well as if he is too far 


from it And here let it be observed that the visual rays (see Jig. 813.) upon every object 



Fig. 81S. 


may be compared to the legs of a pair of compasses, which open wider as we approach the 
object and close as we recede from it. This is a law of perspective well known, and which 
the student may easily prove by experiment, keeping the head of the compasses near his 
eye, and opening the legs to take in, in looking along them, any dimension of an object. 
He will soon find that as he approaches such object he must open the legs wider in order 
to comprise within them the given dimension. Hence every diameter or dimension, sepa- 
rately considered, is comprised in the divergence of the visual rays. It is on this account 
that, being at a proper distance, any moveable measure which with a free motion of his 
body he can interpose upon some one of the points of the distance between his eye and the 
model, may, though much less than the model itself, take in the whole field of view, reach 
the extremities of the dimension, and consequently become of great assistance in certain 
mathematical measures. For by applying such a measure to one division only of the model, 
we shall obtain, as it were, an integer for finding a great many others into which the model 
may be subdivided. 

2392. Thus, taking 809., which is profile, and supposing the width at the neck 
unity, if this is twice and a half contained in the general height of the bust, we have imme- 
diately the proportions of one to two and a half, which may be immediately set out on the 
paper or canvas. Tliis is not all ; the integer or unity obtained by the diameter of the 
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neck serves also for measuring the horizontal diameter of the head, and also of the bust ; 
whence new proportions may be obtained. So much for the first casting of the general 
form. Now, in the entire bust, as respects the head only, suppose we wish to obtain the 
proportions of the principal divisions, — for example, from the base of the bust to the base 
of the chin, — we may establish another integer to measure other parts ; as, if from the 
point of view, the distance from the base of the bust to the base of the chin is the same as 
from the last to the summit of the head, the learner would have nothing more to do in that 
respect than to divide the whole height into two equal parts. On the same principle, pass- 
ing from divisions to subdivisions, the distance between the base of the chin and the point 
whence the nose begins to project, may be found a measure for the height of the nose, and 
from thence to the top of the cranium. We are here merely showing the method of ob- 
taining different integers for measuring the different parts mentioned ; others will in prac- 
tice occur continually, after a very little practice. We do not suppose our readers w’ill believe 
that we propose to teach drawing by mathematical rules ; we now only speak of obtaining 
points from which undulating and varying lines are to spring and return, and which none 
but a fine and sensitive eye will be able to express. But to return to the port crayon, 
which is the moveable measure or compasses whereto we have alluded, and requires only 
skilful handling to perform the offices of compasses, square, plumb rule, and level. By 
interposing it (see Jig, 813.) on the divergence of the visual rays between the eye and the 
object, we may estimate the relative proportions ; since in the field of view the learner may 
apply it to the whole or any of the parts, and make any one a measure for another. For 
this purpose he must hold it, as shown in the figure, steadily and at arm’s length. Any 
portion of it that is cut by the visual rays between any two parts of the object, becomes the 
integer for the measurement of other parts whereof we have been speaking. This in 
the drawing will be increased according as the size is greater or less than the portion of the 
port crayon intercepting the visual rays. This process may be easily accomplished by 
making, upon one and the same line of the visual ray, the extreme point of the port crayon 
to touch one of the extremities of the proportion sought upon the model, so that they may 
exactly correspond. Then at the same time fixing the thumb or fore-finger where the visual 
ray from the other extremity is intercepted, we shall find any equal length by moving the 
port crayon with the thumb and fore-finger fixed to any other part we want, as to size, to 
compare with the first, or by using the same expedient toother parts, other integers may be 
found. The different integers, indeed, which may be thus obtained is infinite. 'The port 
crayon will also serve the purpose of a plumb bob by laying bold of it by the chalk, and 
holding it just only so tight between the fingers as to prevent its falling, so that its own 
gravity makes it assume a vertical direction. 

Doing so, if it then be held up to intercept 
the visual rays, we may discover the pro- 
portion in which a line swells whose direc- 
ton approaches the vertical, as also the quan- 
tity one part projects before another in the 
model ; and comparing this again with the 
integer, obtain new points for starting from. 

Again, by holding it before the eye in an 
horizontal direction, we shall obtain the 
different parts of the model that lie before 
the eye in the same horizontal line. By 
degrees we shall thus soon find the eye be- 
come familiarised with the model it con- 
templates ; judgment in arranging the parts 
supervenes ; the hand becomes bold and 
unhesitating, and the leading forms are 
quickly transferred to the paper or canvas 
to be subdivided to such extent as is re- 
quired by the degree of finish intended to be 
bestowed upon the drawing. 

2393. The process that we have consi- 
dered more with relation to the bust is 
equally applicable to the whole figure. In 
Jig. 814. we have more particularly shown 
by the dotted lines the horizontal and verti- 
cal use of the port crayon ; but the pre- 
vious adjustment of some measure of unity 
for proportioning the great divisions to each 
other is also applied to it as already stated. 

In the figure, EE is the line of the hori- 
zon, or that level with the eye ; it will be 

T 
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«eeii passing through the knee of that leg upon which the principal weight of the body is 
thrown. 

2394. Though our object in this section is to give only a notion of the way of trans« 
ferring to paper or canvas such objects as present themselves, we think it proper to hint at 
a few general matters which the student will do well to consider, and these relate to the 
balance and motion of the human figure. Geometry and arithmetic v/ere with the painters 
of antiquity of such importance that Pamphilus the master of Apelles declared, without 
them art could not be perfected. Vitruvius particularly tells us the same thing, and, as 
follows, gives the proportions of the human figure; — “ From the chin to the top of the 
forehead, or to the roots of the hair, is a tenth part of the height of the whole body ; from 
the chin to the crown of the head is an eighth part of the whole height ; and from the nape 
of the neck to the crown of the head, the same. From the upper part of the breast to the 
roots of the hair, a sixth ; to the crown of the bead, a fourth. A third part of the height of 
the face is equal to that from the chin to the under side of the nostrils, and thence to the 
middle of the eyebrows the same ; from the last to the roots of the hair, where the forehead 
ends, the remaining third part. The length of the foot is a sixth part of the height of the 
body ; the fore-arm, a fourth part ; the width of 

the breast a fourth part. Similarly,” continues 
our author, “ have the other members their due 
proportions, by attention to which the ancient 
painters and sculptors obtained so much reputa- 
tion. Just so, the parts of temples should corre- 
spond with each other and with the whole. The 
navel is naturally placed in the centre of the 
human body ; and if a man lie with his face up- 
wards, and his hands and feet extended, and from 
his navel as the centre, a circle be described, it 
will touch his fingers and toes. It is not alone by 
a circle that the human body is thus circumscribed, 
as may be seen 815.) by placing it within a 
square. For, measuring from the feet to the 
crown of the head, and then across the arms fully 
extended, we find the latter measure equal to the 
former ; so that the lines at right angles to each 
other, enclosing the figure, will form a square.” 

2395. “ How well,” says Flaxman ( Lectures on Sculpture)^ “ the ancients understood the 
balance of the figure, is proved by the two books of Archimedes on that subject ; besides, 
it is impossible to see the numerous figures, springing, jumping, dancing, and falling, in the 
Herculaneum paintings, on the painted vases, and the antique basso-rilievos, without being 
assured that the painters and sculptors must have employed geometrical figures to 
determine the degrees of curvature in the body, and angular or rectilinear extent of the 
limbs, and to fix the centre of gravity.” Leonardo da Vinci has illustrated the subject in his 
Trattato di Pittura, a perusal of which cannot fail of being highly beneficial to the student. 

2396. As in all other bodies, the centre of gravity of the human figure is that point from 
which, if suspended, the figure would remain 
at rest when turned round upon it. Flaxman, 
by some strange mistake, has described the 
centre of gravity as ** an imaginary straight 
UnCf which fiiUs from the gullet between the 
ankles to the ground, when it (the figure) b 
perfectly upright, equally poised on both feet, 
with the hands hanging down on each side.” 

(Fiff. 816.). The fact is, that the centre of 
gravity is found to be in a line so drawn, or 
rather removed backwards from it, in a verti- 
cal plane returning from that line. 

2397. Motion implies change of position; 
for instance, in Jig. 817., the weight of the 
figure is thrown on one leg, hence a line pass- 
ing through the centre of gravity falls from 
the gullet on one leg, on which side also the shoulder becomes lowered, and that on the 
opposite side raised ; the hip and knee sinking below those on the side supporting the 
weight. In Jig. 818. the dotted lines terminated by the letters ABCD represent lines of 
motion, as also the extent of such motion. The same are aUo shown in Jig. 819., wherein 
A shows the inclination of the head to the breast ; B the extreme bend of the back over 
the legs, without changing theb position ; C that of the back bent backwards, the legs 
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remaining in the same 
position. If the back 
be bent as far as D, the 
thighs and legs will pro- 
ject as far as E. 

2398. Referring back 
to jig. 817. for compari- 
son, as the commence- 
ment of motion, with 
Jig. 820., we shall imme- 
diately see that the pre- 
paration for running 
consists in throwing the 
balance beyond the 
standing foot ; and that 
when the centre of gra- 
vity, which is now about 
to take place, falls out of 
the common base, the 
hinder leg must be out, 
and off the ground, to 





¥\g. S18. 


balance the fore part of the figure, which would otherwise fall. 



Fig. 819. 


2399. In preparing to strike (/p. 821.), the figure is thrown back at the beginning of 



Fig. 820. Fig. 821. 


the action to give force to the blow : the dotted line shows the extent of the springing 
forward, in which the action is ended by the fall of the blow upon the object. 

2400. In Jig. 822., bearing a weight, the combined centres of gravity of the figure and 



f4?-822. Fig. 825. Fig. 824. 

the weight to be borne must be found ; and through it the line falls between the feet, if 
the whole weight rests equally on both, or on the supporting foot, if the weight is thrown 
upon one. Flaxman, who was a finer artist than a geometrician, has, in his lectures, fallen 
into another mistake on this head, by saying the centre of gravity is the centre of the 
incumbent weight, which is absurd ; because the figure has not only to balance the weight 
itself, but also its own weight. 

2401. In leaping (^Jig. 823.), the body and thighs are drawn together to prepare for the 
spring ; the muscles of the leg draw up the heel, and the figure rests on the ball of the 
foot ; the arms are thrown back to be ready immediately for swinging forward, and thus 
assisting in the impulse. When the figure alights, the arras, at the instant of alighting, 
will be found raised above the head ; and a line dropped from the centre of gravity will be 
found to fall near the heels. 


2402. In leaning {Jig. 824.), if on more than one point, the greatest weight is about that 
point on which the figure chiefly rests. 


Tt 4 
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2403. Fig. 825. is a flying, and 
jf^.826. a falling figure, both where- 
of being in motion through the air 
rest on no point. In the first it will 
be observed that the heaviest por- 
tion of the figure is bounded by 
lines inclined upwards ; as in fall- 
ing the heaviest portion of it has 
a downward direction We have 
thought these elements would be 
useful, as exhibiting those leading 
principles without the comprehen- 
sion whereof no motion or action 
can be well expressed. “ Every change,” says Flaxman, ‘‘of position or action in the human 
figure will present the diligent student with some new application of principles, and some 
valuable example for his imitation.” 

2404. We shall close this section with the application of the principles detailed in the 
management of the port crayon to the drawing of landscapes. The subject of Jigs. 827. 



Fig. 827. 
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and 828. is firom a spot a little way out of Rome, the tower of Cascilia Metella being seen 
in the distance. 

2404a. 826. the masses are roughed in from the objects themselves ; and the princip^ mass o&cOld 

on the left side is first very carefully drawn by itself, being, as respects leading lines and thickness^, cor> 
retted until the eye is satisfied of the truth of its general form. The eye is as high as E and E, which 
therefore show the height of the horizontal line, and are also, in fact, the vanishing points for the wall on 
the right-hand side of the picture, and the house on the same side a little beyond it. Htftding the port 
crayon level, and taking on it with the thumb or forefinger the distance 01, we shall find that twice that 
measure in 2 and 3 will give the junction of the wall with the pier ; and that a line cmitinued horizontally 
111 I'l.: • iVi- ;.<i| ih il'.o ' 1:..;: * i !'i<' > •'.«' 1 1* r Tl:«> fali.ri* U) l*i‘ uihidcd '.iito two equal parts 

hv ,-1 \ , i;i« .'i: !•' i* uiaui. iiiio'..'''. i: !m« .lU i. i: . «'s: t ka s i il < .* if I, < i iiii'Hiitd upwards, deter- 

ir 1 1 I'l' i,' M • ■i.'S '• i : ; • ‘i ii‘ *r< .id. « d 'v a ;;ii!i:i ;■( .i hriMk in the foreground 

mil !-M' ■> i‘ pri' ( « ' ■». k 1 1 . .d .!i • r:i iM • :* ii“.( >i li- id il'i uiupr. The remaining 

ii"' r ' : ■! I II vkii' If ■ *1 • i M ■ ‘.I *1. ' I • M. li : 1.1 • . •ii.if •: i« u‘'i.i.fest that the whole 

^angement has been accomplished by making the mass aicOld a measure or unit for ascertaining the size 
and relative position of the other parts. In.^. 828. the detail is filled in, and brought to a higher state of 
finish. 

240^. There is a mechanical method of obtaining the exact relative sizes of objects, and their positions 
in making drawings from nature or casts, which we will endeavour to explain. If the draftsman take a 

pair of pretty large sized < is.: s ■•. •« ‘f •**' . * .•* i-ii'l iu'li.»i!i. iioid tlii |H,iii£s 

open before his eye, so as "r ..m ■.i*'« \} •! s • il" .. •,* • .i I- i.i.i ti tnoi i :i| v , liii .i iii .i k:ioi 

i;i I - , : k.i •* ■ -M • 1 ; . i. ; — . - ■ ' , 

<•<; i'. • 'I “11 i'''' r-" . ‘ *1 ' ■ ■ * b , . ■ 

li.vi‘!i', i.a*i in .r lAmi I. 1.1 *■ i. • ii * t « , . » ■ . 


Sect. II. 

FEESPECTITE. 

2405. A perspective delineation is the linear representation of any object or objects, as 
it or they appear to the eye, and is such a figure of an object as may be supposed to be 
made by a plane making a section of the body or pyramid of visual rays directed from the 
eye to the ^derent parts of the object. A delineation so made, being properly coloured 
and shadowed, will convey a lively idea of the real object, and at the same time indicate its 
position and distance from the eye of the observer. 

2406. Definitions. ~ 1 . An original oi^ect or otjects is or are an object or number of 
objects proposed to be delineated : for instance, a bouse, a ship, a man, or all or any of 
tnem together. \n Jig, 829. the bouse ABCDFHK is the original object 



S> Original lines are any lines that are the boundaries of original objects, or of planes 
in those objects. The lines AB, BC, CD are orii^mal lines, b^ng partly the 
boumlaries of the original object ABCDFHK. 

9. The grattasd flane is ibai upon which the objects to be drawn are placed, and is 
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, < ^ eo^dtdered a boundless level plane. The plane X in the figure is the ground 

pluie, upon which u placed the object ABCDFHK. 

4* 7^ fuAnt cf view or point sight is the fixed place of the eye of the observer, 

viewing the object or objects to be delineated : E in the figure is such point. 

5. station point is a point on the ground plane, perpendicularly under the point of 
^ht or eye of the observer, and express on the plan the station whence the view is 
takra. S is the station point in the figure, being a point on the ground plane ver- 
tically under the eye of the observer at £. 

6. plant of ddineation or the picture is the canvas or paper whereon it is intended 
to draw any object or number of objects. Thus, in the figure, the plane GIKL is 
the plane of delineation ; but, in the extensive sense of the word, the plane of 
delineation is considered a boundless plane, however circumscribed may be the 
delineation made thereon. 

7. The harizontcd line or the horizon is a line on the plane of delineation in every part 
level with the eye of the observer or point of view. VZ is the horizontal line on 
the plane of delineation GIKL. It is supposed to be obtained by the intersection 
of a plane passing through the eye of the observer, parallel to the groimd plane, 
produced till it touches the plane of delineation. 

8. TAc centre of the picture is a point perpendicularly opposite the eye of the observer, 
or point of view, and is consequently always somewhere in the horizontal line. 

0 in the horizontal line VZ is the centre of the picture, being perpendicularly 
opposite to the eye at E. 

9. The vertical line is a line drawn through the centre of the picture perpendicular to 
the horizon. In the figure PR is the vertical line. It is here worthy of notice 
that the vertical line determines how much of the view lies to the right and how 
much to the left of the eye of the artist. 

10. The distance of the picture is a direct line from the eye to the centre of the picture. 
EO is the distance of the picture, or plane of delineation, GIKL. 

11. The ground line is that where the ground plane intersects the plane of delineation, 
as GL in the figure. 

12. An intersecting point is one made on the plane of delineation, by producing a line in 
an original object till it touches the plane of delineation. Thus, T is the inter- 
secting point of the original line BA. 

13. An intersecting line is one made on the plane of delineation, by producing any 
plane in an original object till it touches the plane of delineation, or where, if pro- 
duced, it would touch it. Thus WT is the intersecting line of the original plane 
ABCDN, being the line, where that plane, if produce^ would touch the plane of 
delineation. 

14. A vanishing point is that point on the plane of delineation to which two or more 
lines win converge, when they are the perspective representations of two or more 
parallel lines in an original object, whose seat is inclined to the plane of delineation. 
The point V in the figure is the vanishing point of the line AB, being found by the 
line EV, drawn from the eye of the spectator parallel to it, and produced till it 
touches the plane of delineation in the point V. For a s imil a r reason, V is the 
vanishing point of the line CN ; it is also the vanishing point for any other line 
parallel to the line CN, as BA ; ail parallel lines having the same vanishmg point. 
The point Z is the vanishing point of the line AK, being obtained by a line drawn 
from the eye parallel to the line AK, and produced till it touches the plane of 
delineation. The point Z, moreover, b the vanishing point of the original lines 
DF and NH. And it is to be recollected by the student, that there will be as 
■man y different vanishing points of lines in the delineation of an original object as 
there are different directions of lines in that original object. The point Y is the 
vanishing point of the parallel original lines DN and FH, being found by the line 
E Y being drawn from the eye parallel to them till it touches the plane of delineation. 
So also Q is the vanishing point of the line CD. In the proems of perspective 
delineations, as we shall presently see, the plan of the object being drawn, the places 
of the various vanishing points are found on the ground line, whrace they are 
transferred to the horizont^ line by means of perpendiculars raised from them. 

15. A vanishing line is one supposed to be made on the picture by a plane passing 
through the eye of the observer parallel to any original plane produced till it 
touches the picture. The line VZ is the vanishing line of an horizontal plane, and 
of all horizontal planes, being found by the intersection of a plane passing hori- 
zoat£dly through the eye, or parallel to an horizontal plane. The vertical line YVM 
is the vani^iing line of the original vertical plane, ABCDN being the line where a 
plane passing the eye (ffthe spectator parallel to that plane would touch the plane 

01 deliiKatum. There will be as many different vanbhing lines on the plane of 
delineation as there are different positions of planes in the object or objects ; and 


Chap. IV. 


PERSPECTIVE. 


651 


all parallel planes will have the same vanishing line. Similarly, all lines lying in 
the same plane will have their vanishing points in the vanishing line of that plane. 
All planes or lines in an original object which are situated parallel to the plane of 
delineation can have no vanishing lines or vanishing points on the plane of de- 
lineation. 

16. A visual ray is an imaginary right line, drawn from the eye to any point of 
observation. EA and EY, &c. are visual rays, being right lines drawn from the 
eye to the points A and Y. Hence a number of visual rays directed to every part 
of an object will form a pyramid of rays, whereof the eye is the apex, and the object 
the base. 

17. A perspective delineatiem, then, is the section of a pyramid of rays producing a 
perspective projection, and is most commonly consider^ as being made between the 
object and the eye. But the section of rays may be taken w’hen they are extended 
beyond the object ; in which case such a section is called a projected perspective re- 
presentation of the object. 

2407. It will then be seen that a knowledge of perspective is, as Addison has said, a 
knowledge of “ the science by which things are ranged in picture, according to their ap- 
pearance in their real situation.” 

2408. The situation of the objects being given with the plan and position of the plane of 
delineation and the height and distance of the eye of the observer, the delineation of such 
objects is truly determinable by rule. The mechanical operations necessary for this pur- 
pose form the subject of what follows. It is however necessary, before proceeding to lay 
them before the reader, to premise that he must thoroughly study and understand the pre- 
ceding definitions before he can proceed with profit to himself, and we recommend a repeated 
perusal of them until that be eftectually accomplished. 

2409. Example I, In 830., No. 1., we have the plan of the original object 


T? 



EBADCF, whereof ABCD is a cube, and BCEF a double cube, that is, twice the height 
of CBAD. GL is the plan of the ground line; S, the station point. Through S draw 
XY parallel to the plane of delineation GL, and draw SG and SL respectively parallel to 
the sides E A and AD of the united cubes ABCD and BCFE ; and these produced to meet 
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the plane of delineation will determine the vamshing points (Def. 14.) of the horizontal 
lines AE and AD, and of all other horizontal lines parallel to them. Draw the line SO 
perpendicular to GL, which line being the direction of the eye perpendicular to the plane 
of the picture determines the point thereon to which the eye should be directly opposite to 
view it when completed, showing also how much of the object is on one side, and how much 
on the other of the point of view. We have now to draw the visual rays SA, SB, SE, SF, 
SC, SD, cutting the plane of the picture or delineation in b, x, ic, c, and d ; the point A of 
the nearest cube touching, itself, the picture at that point. The preparation on the plan 
is now completed, 

2410. The picture (No. 2.) or plane of delineation is to be prepared as follows ; — First 
draw the ground line GL, and to such ground line transfer, by dropping verticals, the 
points Kx6w?cA and d. Above, and parallel to GL, at such convenient height as may be 
necessary to show more or less of the upper surfaces of the cubes or otherwise, as desired, 
draw the horizontal line VZ ; mark on such horizontal line the point O, to which the eye 
is supposed to be perpendicularly opposite for viewing the delineation when completed. 
All the other preparations are obtained from the plan, and may be obtained as follows : — 
First set oflf on the horizontal line VZthe points V and Z, which are the vanishing points 
of the sides AE and AD respectively. As A, the nearest angle of the object, touches the 
plane of delineation, it is manifest that a line vertically drawn from that point will be of the 
same height as the object itself, that is, as the figures are cubes, equal to AB or AD in the 
plan No. 1. Take, therefore, AB No. 2. of the height required, and draw the lines BV 
and AV, also AZ and BZ, which being crossed by verticals carried up from xhwcd will 
determine the points he and i at the bottom, and in f and h at the top, and pq and r in the 
part where the cube is double the height. Drawing AV it is intersected by the verticals 
from the visual rays at c and w’, cutting in g and ». The line KK forms another line of 
heights, if desired, for finding the height F^; indeed, by continuing any line BC (No. 1.) 
to K, intersecting the picture, a line of height may be obtained. The representation of the 
cube marked A will be understood without difficulty, if what has preceded be well com- 
prehended. As by Definition 15. we have seen that all planes or lines in an original object 
situated parallel to the plane of delineation have no vanishing lines or points in the plane 
of delineation, so two of the sides of the cube wUl be bounded by horizontal and vertical 
lines, inasmuch as those sides lie parallel to the plane of delineation. The vanishing points 
for the other lines will of course be found in O, which passes through the picture at right 
angles to it from S, the station point. 

2411. Example II. To find the representation of a quadrangular building, situated 
inclined to the picture, covered with a single spanned roof, having a gable at each end. 

2412. Let the rectangle ABCD (No. 4.) {Jig. 831.) be the plan of the building, the 
line EF will be the place of the ridge of the roof extending from end to end. Let the line 
QL be the place of the plane of delineation, and let S be the station point. 

2413. Find O the centre of the picture, also the points Q. and L, the vanishing points 
of the lines AB and AD, and their parallels, by lines drawn from S parallel to such lines, 
and intersecting the picture. Produce the fece of the building A D to I for an intersection 
with the picture, and draw the visual rays intersecting the groimd line of the picture 
in the points beaf and d. These need not, however, be drawn beyond the plane of 
delineation. 

2414. Prepare the picture (No. 5.) by drawing the horizontal and ground lines VZ and 
G R at any distance from each other at pleasure ; fix upon the centre of the picture O, and 
draw the vertical line OO; set off the distances of the vanishing points OV and OZ, equal 
the distances of the vanishing points OQ.and OL in No. 4. Draw the intersecting line 
IL (No. 5.), and all the visual lines, through the points beaf and rf, taken from their 
respective places and distances beaf and d (No, 4.), and proceed as follows : — 

2415. On the intersecting line IL (No, 5.) set up the height IK equal to the height of 
the building BC or HG (Nos. 1. and 2-), and draw the lines KZ and IZ, determining the 
plane gmop for the front of the building. Draw the lines mV and pV, determining the 
end of the building ghim. It now remains to place the roof, which is readily done, but 
which, however, requires some circura^ection in the process. 

2416. Place the height of the roof XD (No. 1.) on the intersecting line at IL (No. 5.), 
and draw LZ, which will give the height of the roof on the angular line of the building gm 
at r ; from which spot it may readily be transferred to its proper place in the visual line ek by 
the line rV, which cuts the line ek in the point A, the point required. From the point k 
draw the lin^s At and Am, completing the gable end of the building. Draw the ridge of the 
roof AZ, cutting the end visual line, in the point n; and lastly, draw the line no, completing 
the whole linear delineation of the building ghiknop. It is to be observed, that whatever 
original plane is produced to the picture to obtain an intersection, such intersection 
serves only to obtain heights in the direction of that plane ; whence they may be transferred 
to other planes in contact with it, as in the present instance. The intersecting line IL 
(No. 5.) is the intersecting line of the plane gmop’, hence any original height set up 



Chap. IV. 


PERSPECTIVE. 


6SS 



thereon can only be transferred throughout the direction of that plane. Thus the hei zlit 
of the roof IL was transferred by the line LZ along that plane to its other extremity ; 
but the line rs is not the place of the ridge of the roof, which lies in the middle of the 
plane ghikm^ proceeding from the point k ; but any height on the angular line gr is easily 
transferred along that plane by means of its horizontal vanishing point V, by which means 
the height of the roof was obtained by the line rV at k. If, instead of the plane over the 
line AD (No. 4.) being produced for an intersection, the plane of the middle of the house 
in the direction of the ridge of the roof had been drawn, and the height of the roof had 
been set up on that line, it would at one application be transferred to its proper place. 

2417. Let the line FE (No. 4.) be produced to P for an inter'-ection, set off the distance 
OP at OP (No. 5.), and draw the intersecting line PR. On PR set up the height of the 
ridge of the roof equal XD (No. 1.), and draw the ridge line RZ, and it determines the 
exact ridge of the roof between the proper visual lines, and will be found to correspond 
exactly with the ridge obtained by the former process, 

2418. 'The roof may, however, be found by another process thus; — The slant lines of the 
roof have their vanishing points on the picture as well as any other direction of lines in the 
same object. The line (No. 5.) being in the vertical plane ghikm, will have its vanish- 
ing points somewhere In the vanishing line of that plane. (Def. 15.) A vertical line 
drawn through the horizontal vanishing point V will be the vanishing line of the plane 
ghikm\ therefore the vanishing point of the lines A«i, /n’, and of all lints parallel to them, 
will be somewhere in the vertical GVXQ. 

2419. Two lines drawn from the eye parallel to any two lines in an object, finding their 
vanishing points, will make the same angle at the eye as the lines in tlie olqect make with 
each other ; for the two lines in the one instance are respectively parallel to the two lines 
in the other. 

2420. The line SQ is drawn from the station S parallel to the line AB (No. 4.), and a 
line drawn from the station S, making the same angle wdth SQ, as ED does with EC, 
(No. 1.), will find the vanishing point of the line ED, and this point must be evidently 
somewhere in a vertical line through the point Q. To obtain this point in practice, take 
the distance of the vanishing line it is in, that is the length from S to Q in the compasses, 
and set off the same in the horizon (No. 5.) from V. to At the point V make an angle 
VWX equal to the inclination of the roof, that is equal to the angle CED (No. 1.), and 
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produce the line till it intersects the vertical line through the vanishing point V in the 
horizon in the point X. The point X will be the vanishing point of the line of the roof km 
(No. 5.), and of the line no, parallel to it. The slant lines of the roof km and no, already 
obtrined, will, on application of a ruler, be found to tend to the point X, as above stated. 

2421. In the same way the line of the roof ki ( No. 5.) will also have its vanishing point, 
and in the same vertical line GVQ,. It will be found to be as much below the horizontal 
vanishing point V as the point X is above it. ( Def. 14.) 

2422. Let the line AB (No. 6.) be the line of the horizon, and CD the vanishing line of 

a vertical plane, being the gable end of a house, and let the angle ABC be that of inclina- 
tion, finding the vanishing point of the slant lines of a roof in one direction. Let the 

line BD be the line, finding the vanishing point of the slant lines in the other direction, 
having the same inclination to an horizontal line; then the angle ABD will be equal to 
the angle ABC, and the distance AD equal to the distance AC. 

2423. Example III. To find the representation of a quadrangular building situated 
inclined to the picture, covered with a single hipped roof. 

2424. Let the quadrangle GDHK (No. 7.) be the plan of the building; the line MN 

will represent the ridge of the roof. The former line Q,L may be the place of the plane of 
delineation, and it may be viewed from the same station S. The position and direction of 
the lines of this object being the same as those of the last example, the preparatory lines 
will also answer for this. We have then only to draw the visual rays MS, NS, CS, PS, 

and KS, intersecting the picture in the points m, p, and k^ and to produce the line DG 

for an intersecting point at R. 

2425. Prepare the picture (No. 8.); let the line VZ be the horizon, GR the ground 
line, O the centre of the picture, and the points wi, n, g p, and k coresponding with 
m, n, g-tp and k. (No. 7.) Draw the visual line lines through those points and the intersect- 
ing point R, and proceed as follows : — 

2426. On the intersecting line RE set up the height RT, equal the height of the 
object HG (No. 2.), and draw the lines TV and RV, cutting the visual lines of the front 
of the building in the points z and o, y and/>, determining the plane ypoz for the represent- 
ation of the plane of the front. From the angular points z and y draw the lines zw and yx 
to their vamshing point Z determining the plane yzwx for the end of the building. 

2427. On the intersecting line set up the height of the roof TE equal the height NK 
(No. 3.), and draw EV cutting the angular visual line of the building in the point e, from 
which point draw the line ezy cutting the visual line pa in the point a, the point of direction 
of the ridge of thereof. Draw the line a V, which, cutting the visual lines through the points 
TO and n in the points t and p, determines the exact position of the ridge of the roof which 
is the representation of OP (No. 3.), or of the ridge MN (No. 7.) ; draw the lines tOy vzy 
and vwy which will complete the whole representation required. In No. 8., if the lines 
az and ato be drawn, they will form a gable end yzawx, of which the point a is the point of 
the gable, and will answer for the direction of the ridge, whether it be a gable end or a 
hipped roof, for in both cases it lies in the middle of the breadth of the house ; wherefore 
the line aV answers as well the edge of a hipped roof as of a gable end. 

2428. In examining the plans (Nos. 4. and 7.) of the two buildings, it will be seen that 
they are placed at right angles to each other, and in contact at the point D, so that the 
second example might have been easily accomplished from the first, without the aid of 
another intersection and other preparatory lin^, than the additional visual rays from the 
angles, which the student will have surely no difficulty in carrying through, without the 
necessity of encumbering these pages with the detail. 

2429. Exafhple IV. In fig. 832. No. 1. is the general plan of a church similar to 
many country churches. ABCD is the main body of it ; EFGH its tower ; IKLM and 
MLNO subordinate parts of the building, and abed the porch. No. 2. is its geometrical 
elevation; the ends and measurements, AB and BC, answering to IM and MO in No. 1., 
and the points of the roofs D, E, and F. (No. 2.) answering to the lines of the ridges 
QR, TV, and PL, No. 1. To find the perspective representation of this building on the 
plane of delineation YZ, the station being at S, the following is, perhaps, the readiest 
process. 

2430. Find the vamshing points Y and Z of the horizontal lines of the building by the 
lines SY and SZ being drawn from the station parallel to them. O is the centre of the 
picture. Draw the visual rays from the visible angles of the object in direction to the 
station S, to intersect the plane of delineation. 

2431. When a complicated object, that is, one composed of many parts, is to be drawn, 
it requires, of course, a great number of visual rays for the precise determination of those 
parts, and the whole together forms an apparently confused number of lines. The eye, 
however, which views them properly, does not perceive that confusion ; and, if it perplex 
the student, different coloured inks, or of different shades of depth, may be used to parti- 
cularise different parts. In the delineation of such an object as the present example, the 
most important consideration is the choice of a proper intersection ; for though any inter- 
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section will do, that should be chosen which unites most parts in its direction with the 
greatest exactness and the least trouble. In the case under consideration, none set ms 
more eligible than the direction of the roof PLM, which produce to W. 

2432. In the picture No. 3., GL is the ground line, GV the height of the horizon, 
the line VX being then the horizontal line. O in the horizon is then the centre of the 
picture, from which, place the distances of the horizontal vanishing points OV and OX 
equal OY and OZ, No. 1. AB (No. 3.) is the intersecting line, and all the visual lines 
on the plane of delineation are drawn conformably to their intersections on the ground 
line in the plan. On the intersecting line the height AC is made equal to the height AG 
of the elevation No. 2. ; and the lines Cc and An, being drawn in direction to the vanishing 
point V, determine the height ac ; being the height of that part of the building on the visual 
line answering to the ray from the point 31 in the plan No. 1 . Through the points a and c 
draw the lines de and b/ to their vanishing point X, determining the plane bde/‘, the repre- 
sentation of the plane AGHC, No. 2.; the visual lines bd and /e answering to the rays 
from the points I and O in tlie plan. Draw the lines d/t and bff tending to their vanishing 
point V, to the ray from K in the plan completing the plane bff/id. On the intersection 
make the height AD equal to the height of the roof NE of the elevation No. 2., and 
draw Di in direction to V. Through t draw the line kl to the vanishing point X, touching 
the visual lines of the roofs in the points k and 1. Draw the lines Am, mA, At/, Ac, /c and le, 
which will complete the whole of the structure over the plan IKNO, No. 1. 

2433. The height of the roofs of the low buildings is equal to the height of the 
upright walls of the body of the building, as shown by the line PR in the elevation No. 2. ; 
hence, the line mo, and the return line on, may be drawn to the visual lines corresponding 
with the intersections from the angles A and B of the plan From the angle g the line gs 
may also be drawn, which will determine the lines sr, rf, and tp of the porch. Make AE 
on the intersection equal to the height of the roof BF in the elevation, and draw the line 
EV determining the ridge of the roof between the two visual lines from the points P and 
L of the plan. Draw the lines of the gable end vo and vz, the point 2 being obtained by 
the line om drawn to its vanishing point X, cutting the visual line from the angle D of 
the plan in the point 2 . 
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2434. Make AG and AF on the intersection equal to the heights of the tower BO and 
BM of the elevation, and draw the lines GV and FV cutting the visual line from P in the 
plan, in the points a and b ; through which points draw the lines ac and e/ to their vanish- 
ing point X ; and the lines cd and eg to their vanishing point V ; the points e, and y* being 
in the proper visual lines from the angles of the tower F, E, and H in the plan. The 
tower will be completed by drawing the lines dg^ ae, and af. 

2435. This example elucidates the general practice of vanishing points, which are as well 
to be obtained of other positions of lines as horizontal ones. It is not always that the 
vanishing points of inclined lines are required, but they are often useful, and sometimes 
absolutely necessary. In the geometrical elevation No 2. the lines MO, PF, GD, IE are 
all parallel lines, as also are the lines OV, FR, EH, and DI, and though situated in dif- 
ferent, yet they are in parallel planes, and will therefore have a common vanishing point. 
A line drawn perpendicularly to the horizon through the vanishing point X (Jig. .3.), as 
LQ, will be the vanishing line of the plane of the end of the church over the line 10 of the 
plan, also of the end of the body AD, likewise of the side of the tower EH ; and a line 
drawn through the point V (No. 3.) perpendicularly to the horizon, as GM, will be the 
vanishing line of the planes over the lines (No. 1.) IK, AB, ab of the porch, and FE of the 
tower, and all lines in those planes, or the boundaries of those planes, will have their 
vanishing points somewhere in those vanishing lines. 

2436. To obtain the vanishing points of the inclined lines of the roofs and tower, take 
the distance of the vanishing point Z from the station S in the compasses, and apply it on 
the horizon from X to H. At the point H make an angle with the horizontal line equal 
the angle of the roofs aPc (No. 2.); the curve KI and the distance of it from the centre 
H being equal to the curve ac, and distance of it from its centre Pt then is the angle KHI 
equal to the angle of the roof a Pc (No. 2.). Produce the line HK to Q.; Q. will be the 
vanishing point of the line ea of the tower, also of the parallel lines ov, dk, and c/, which, 
though obtained by a different process, will all be found, by application of a ruler, to tend 
truly to that point, as is shown by the dotted lines in the example. Proceeding in the 
same way with the distance of the vanishing point Y from the station S, we obtain the 
vanishing point of the same inclination of lines in the other planes of the object. Take the 
length SY in the compasses, and set it off on the horizon from V to N. At the point N 
make an angle INT on the horizon equal the angle KHI, that is, equal the angle of in- 
clination of the roof aPc (No. 2.). The line NT produced to M in the vanishing line 
GM will be the vanishing point of the line de of the top of the tower, also of the lines tc3 ■ 
and go of the porch (the inclination of the roof of the porch being the same as the other 
roofs of the body of the church), as shown by the dotted lines in the example. The 
walls of the porch are obtained from the height AP on the intersection, equal the lieight 
AT, No. 2., Pm being drawn to the vanishing point V, and mn to X, give the lines 7i5, 53, 
and 32. \Ve may observe that the inclined lines a/, le, Ac, and vz have a common vanish- 
ing point, which, if required, may be obtained ; it will be in the same vanishing line with 
the point Q, and as much below the horizontal vanishing point X as the point Q, is above 
it, to which point, were it obtained, the lines already drawn will be found exactly to tend. It 
is seldom absolutely necessary to have both those points ; in this instance one only of them, 
the point Q, is obtained, which answers every end required of both ; for, supposing it were 
left to that vanishing point for finding the inclined lines, the visual lines being drawn, and 
the heights of the upright walls being found, the line dk being drawn in direction to the 
vanishing point Q determines one side of the gable end at the visual line in the middle ; 
the other is accomplished by joining the points k and c together. So of the other gable, 
cl being drawn, le is also had by joining together the points I and e, 

2437. To complete the whole, draw the line xq on the tower from the point x to the 
angle of the tower, in direction to the vanishing point Q.; then draw the lines qh and nh to 
their proper visual lines and vanishing points V and Q- The putting on of the spire re- 
quires some consideration, and in it we must proceed with some thought and care. The 
base of it is intended to be a regular octagon. If the two external lines in the geometrical 
elevation of the spire be continued till they touch the sides of the tower, as is done at K 
and L (No. 2.), and an octagon be there constructed, extending the square of the tower, it 
will be the base of the spire. Set up the height of the spire BW (No. 2.) on the inter- 
section (No. 3.) at B ; also the height of the base line KL at R, and draw the lines BV and 
RV ; the first, cutting the visual line through the centre of the tower in the point O, de- 
termines the height of the spire ; the other, cutting the tower in the point w, determines its 
base. Through the point u draw a line round the lower, and find the points of the octagon 
in the middle of each face of the tower, to which let lines be drawn from the top O, and 
the whole will be completed, as shown in the example. 

2438. Thus have we gone through the process of finding the representation of rather a 
complicated object with as little confusion of lines as possible ; but one thing succeeding 
another, and each being required to remain for the student’s observance, the whole 
unavoidably becomes intricate. Indeed, it is not now so perfectly executed but that 
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something remains for the student to complete, which must result from his oym study or 
occupy more space than all we have already written on it. We allude to the intersections 
that- take place at the lodgment of the spire on the top of the tower, to elucidate which it 
is drawn to a larger scale at No. 4., the mere inspection whereof will convey a full and, 
we hope, satisfactory idea of what we advert to. The student has been left to complete 
the base of the octagon, a process so simple that we cannot, if he retain what he has read, 
believe he will find difficulty in accomplishing, either by visual rays or otherwise. It is 
next to an impossibility to describe intricate matters like these so as to leave nothing for 
the exercise of the reader’s judgment; for, however copious the instruction, there will 
always remain sufficient unexplained to keep his mind in action, and afford him the oppor- 
timity of exercising his own ingenuity. 

2439. Example V. In 833. the objects X and Y are plans of columns with bases 



and capitals, whose general forms are shown at X and Y (No. 1.). YZ, as>before, is the 
plane of the picture, S the station point. The picture, as previously, is prepared with the 
vanishing points VZ, and the ground line GL. OO is the central line of the picture, and 
BA, BA are, it will be seen, lines of height. 

2440. In the squares X and Y the dotted lines show the diagonals and boundaries of 
squares inscribed in the circles, by which so many more lines are gained for obtaining the 
curves which the circles form in the perspective representations. The visual rays are 
drawn as in the preceding examples, and transferred to the picture, the proc^ being, in 
fact, nothing more than making squares following the profiles, which, at the dif^rent 
heights, guide the formation of circles within and around them, of which the upper ones 
only, for preventing confrision, are shown in the perspective representation. In each 
series, the extreme width of the appearance of the circle may be obtained by visual rays, as 
at &, h, b, 

2441. At Z and z (Nos. 3. and 2.) are the plan and elevation of an arcade, from which 
it will be seen that the principle of inscribing squares and diagonals is equally applicable 
to the vertical representation of circles. Presuming that we have sufficiently described the 
diagram to enable the student to proceed in drawing the examples at large, we shall now 
submit an example of general application. 

2442. Example VI. In jig, 834. YZ is the plane of delineation, and the plan of the 
building, with its projections, roof, and chimneys, is shown in No. 1 . In practice this is ge- 
nerally made on a separate drawing board, to enable the draughtsman to make his perspective 

U u 
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outUae without injury from constantly working over the paper. Here the vanishing points 
are too distant to be shown on the diagram ; but the reader, from the tendency of the 
several lines, will easily find where they lie In the same manner, he wiU find whereabout 
the station point is placed. BA, BA, BA, No. 2., are lines for the transference of the heights. 
The projection of the cornice is dotted round the leading lines of the building on the plan. 
The rest of the figure cannot fail of being understood and put in practice by the student 
who has made hiimelf master of the preceding examples. 

2443. We shall now turn to a point whereon much difference of opinion has prevailed, 
namely, the adjustment of what may generally be considered the best angle of viaon, within 
which objects should be seen to obtain the most agreable representation of them. For m 
this angle is enlarged or decreased by viewing the objects at greater or less dis t an ces, their 
appearance will vary, and their delineaUon, in consequence, be affected thereby, and dis- 
tortion of the objects will be the result. 

2444. By the angle of vision or angle of view is understood the expanaon of the lines 
proceeding from the eye, by the two extreme visual rays 
mnbracing the whole extent of the view, and this whe- 
ther it conasts of one object or of many. Let A 
835. ) represent the plan of a mansion ; let B be the 
outhouse contiguous to the mansion, and let the places 
of trees be at CCC and DDD. Let S be the station 
or point of view from which the whole is seen. Con- 
adering the mansion A as a lone object, the extreme 
visual rays So S6 form at the eye the angle oS6; then 
aSb is the angle of view imder which that object is 
seen. So and S> being the two extreme visual rays em- 
Iwacing the whole extent of the object. A^n, if the 
outhouse B be taken as a single object, then will the ex- 
treme visual rays cS and dS form, at the eye, the angle 
cSd, being the magnitude of the angle under which 
tlrat object is seen. So of any object, the visual rays 
that embrace its whole extent form the angle of view 
under which it is smd to be seen. It is then mani- 
fest that the aigle of view will be either large or small, as the eye is near to or remote from 
the (foject Suppose both the objects A and B are to be taken into the view, with the ad- 
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ditiou of the trees to their right and left. Let visual rays be drawn from the trees on both 
sides to the station S. The angle CSD is the angle of view under which the whole extent 
is seen, and the rays CS and DS arc denominated the extreme visual rays of the view. 

24*^5. Objects may not only be placed too near the eye for comfortably viewing them, 
but they may be so nearly placed to the eye as to give it pain. The eye only contemplates 
a small portion at a time ; it is only by its celerity and continual motion that it becomes 
perfectly sensible of a whole and of the many forms whereof it is composed. But when an 
object, or many objects, widely extended, are placed too near, the traverses of the eye in 
viewing the whole become painful. Every one must have experienced that this is so, and 
why so we must leave to others to account for. When the eye is removed to an agreeable 
distance, the extent of the view to be delineated is at once seen without turning the head to 
one side or the other, so that all the objects are at once comprehended. 

2446. In taking a view, the turning of the head is to be avoided. The view should on 
no account comprise a greater extent than can be taken by a coup d^ceilj or than can be 
viewed by the traverse of the eye alone; and this necessarily confines the extent of that 
with which we have to deal, and brings the angle of view within certain limits. What the 
eye can contemplate without trouble it views with pleasure, and beyond a certain extent 
the eye becomes distracted. 

2447. Smallness of object has no relation to the angle of view ; a die, or the smallest 

possible object, maybe brought so near the eye as to give pain in looking at it, and a large 
extent of view may be contemplated with as much ease as a small one, by merely placing 
the larger one at a greater distance. If the place of the plane of delineation be at FG, 
then FSG will be the angle of view. If a section of the same visual rays be taken at HI, 
then HI will be the extent of the picture, and the angle HSI is the angle of view; hut 

the angles FSG and HSI are the same, therefore the eye views both with equal satis- 

faction : but in this case one must be placed at the distance SO, and the other at the 
distance SP. 

2448. The attempt to select an angle suitable to all the cases that may occur, as the best 

angle of view, would be as vain as it would be absurd. Different subjects require different 
treatment. External subjects differ from internal ones ; and the last from each other, accord- 
ing to circumstances. Some authors on the subject have laid it down as a rule, that the 
greatest distance of the eye from the picture should not exceed the width of the picture 
laterally, which makes the angle of view about 53 degrees ; others liave insisted that the 

distance should be less, requiring that the angle of view should not be smaller than 

60 degrees ; and others allow of a still larger angle. The elder Malton, and his son, to 
whom we are indebted for all that is valuable in this section, and whose (both of them) 
experience in the matter was very extended, advise that the angle of view should never 
exceed from 53 to 60 degrees ; the former recommending an angle of 45 degrees as the 
best, because neither too large nor too small. The elder Malton advises to keep between 
the one and the other, that is, not to let the angle of view exceed 60 degrees, nor be less 
than 45, the first being likely to distort the objects, and the last rendering them too tame 
in the outline. We can add, from our own experience, that the advice is sound ; for 
though, under very particular circumstances, it may be necessary to use a larger angle of 
view than 60 degrees, such a case does not frequently occur. Much must always be left 
to the discretion of the artist in respect to points which are to guide the angle of view he 
adopts. After a little experience, he will find that angle best suited to the circumstances 
under which his drawing is to exhibit the object or objects. 

2449. Example VII. The principles upon w hich we delineate any of the interior parts of 
a building are in no wise different from those used for the representation of their external 
views, for it is of course immaterial whether we represent the external faces of their sides, or 
those which form their internal faces ; the only difficulty which arises in making an internal 
view being that which arises from the inability, on account of the restricted distance under 
which they are in reality viewed, of placing the station point at such a distance as to take 
in a sufficient quantity of the objects to be represented. A person placed in a room can 
of course only see the whole of one and part of another wall ; in short, in every direction 
he cannot see comfortably more than, as we have above mentioned, forty, or, at the most, 
fifty, degrees of the objects around him. On this account, and for the purpose of showing 
more than in reality can be seen, it is customary, and perhaps justifiable, in order to give 
a more comprehensive view of the interior to be delineated, to place the station point of the 
spectator out of the room or place, supposing one or more of its sides to be removed. This 
is, in fact, a delusion, as is every view of an interior possessing any merit that has come 
under our notice. But for picturesque delineation, it is not only one which is necessary, 
but one wdthout the practice whereof no satisfactory representation can be given of an in- 
terior whose dimensions are not very extended. Tlie section whereon we are now engaged 
is not supposed to be a treatise on Perspective, but merely a general developement of its 
principles so as to give the reader such a general knowledge of the subject as may enable 
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him to pursue it, if he please, from the hints it affords. With this apology for not pro- 
ducing to him a more complicated, though not less useful subject, we proceed. 

2450. Fig* 836. (No, 1.) represents the plan of a staircase one third the si 2 e used for the 



purposes of the delineation ; YZ (No. l.)is the plane of the picture, O is its centre. From 
the data, therefore, there will be no difficulty of obtaining the vanishing points of the sides 
Ya and ab. The diagram is not encumbered with the visual rays necessary for the deline- 
ation, which we are to suppose drawn and transferred to their proper places on No. 3., 
wherein HH is the horizontal line. No. 2. is a longitudinal section of the staircase, wherein 
are shown the rising and descending steps, mid the dotted line cd gives the section of the 
vaulted ceiling over the staircase. It will be immediately seen that the ends of the steps 
will be determined by visual lines, notwithstanding the ascent and descent of them, because 
either is determined by referring to any lines of height, which may be obtained from the 
plan and section, by which the portions seen of the flights will be immediately found and 
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transferred to their respective places on the picture. With these observations we leave tlie 
diagram for the exercise, on a larger scale than here ^ven, of the ingenuity of the student. 

2451. Example Vlll. The last perspective example to be submitted is that of a cornice 



837.), wherein the contrivance of the elder Malton is used for finding the places 
of the mc^Uions and the other parts. 

2452. Let EM, FN, GO (No. 1.) represent the angles of a building in perspective, 
LMNO being the lower horizontal line of the cornice, whose geometrical elevation and 
profile are shown in No. 2. Make MQ. equal to mq the depth of the cornice, supposing 
the edge EQ to be in the plane of projection ; draw PQ.RS, &c., the lines of the top of the 
cornice, to their respective vanishing points. Make Q,T, Q,T' in RQ, PQ, product equal 
to the perspective projection of the comice qt. Then place the depths of the various 
mouldings along MQ, and fix the lengths of ^eir projections on the lines drawn to the 
vanishing points through those in EQ, an operation which may be much facilitated by 
drawing MT, MX', by which, in many places, the points of the mouldings are at once 
determined, as in the case of the top and bottom of the fillets of the ovolo ; and very often, if 
the drawing is not on a very large scale, mt and its perspective images MT, MT', &c. will 
enable the eye to proportion the moulding Thus the perspective projections MQT, 
MQT' of the sections of the cornice by the planes of the sides £N, EL, supposed to be 
prolonged or extended, may be found ; and it is manifest that lin^ through the points 
of these sectmns to the proper vanishing points will give the perspective forms of the cor- 
nice mouldings as they would appear. 

2453. ^e lines found will by their intersections supply ttie mitre MQU ; but where 
the scale is large, it is better to obt^ mitre sections at each principal angle of the building 
as shown by the lines MQU, NRX, &c. 'Hie planes of the mitres form, of course, angles 
of forty-five degrees with the sides of the buildmg itself consequently the vanishing points 
of QU, RX, &c. may be found by bisecting perspectively the right angles found, or by 
drawing on the plan lines parallel to the diagonal lines or mitres ftom the station point to 
intersect the picture. .If these, indeed, are found in the first place, there would be no 
necessity to draw the square sections MQT, MQT', inamiuch as lines drawn from the 
mouldings intersecting the mitre sections to the v anishin g points will at once form the 
pcrqiective representation of the comice. In practice, this is the usual mode of proceeding, 
because a skilftil draughtsman can pretty well proportion by his eye most mouldings as seen 
m pen^pective ; but where great accuracy is required, the method of proceeding by square 
sectiems is recommended, because, from the great foreshortening of tiie dia gnnal Hngj the 
smallest inaccuracy of intersection on it will cause very large errors in the mouldings. 

Uu 3 


662 


THEOETT OF ARCHITECTURE. 


Book IL 




When the diagonal sections alone are used, it is dear that the geometrical profile, No. 2^ 
adit not be the same as that formed by the oblique section of the comice : this last must 
Bte!i^He be ot^ined from a plan and elevation of the mouldings as shown in Na 3. 

2454. lusted of finding the square section made by the plane FNGO at the angle OG, 
it may be drawn on the plane TQM, where it is more readily foimd by producing the lines 
whereby the section TQM was obtained ; so the lines T'T", MO" are set out in per- 
spective equal to the projection of the break of the building ON : moreover by the line 
T"0" we may obtain the mouldings of the comice on the face of the wall GH as produced 
or prolonged to 'F'O", and conversely 
the comice in perspective may be drawn 
from this imaginary section, ^ it be pre- 
viously found. Where vanishing points 
are at an inconvenient distance in draw- 
ings, a mode may be adopted to obviate 
*37. a. tlie inconvenience, the principle whereof 

is this. Let A (^g. 837 a.) be the vanishing point, CDB a segment 
of a circle whose centre is A; then if CB be bisected in U, AD will be 
a vanishing line for such bisection; and if CD be bisected, and a ruler applied to join CD, it 
will, by the application of a square on C D, give the vanishing line for the new bisection. 
Fig. 837, h. 

'’15^ Onr nrxt rr.rr « t* firrl th: t | •‘*• 1 * •• •: l«i:r ul-.li 1* ]»,• j ii:sat 

k-i> .'ilnvuiv 1 «! .1 r** t«'! .< .m ‘ i*. !«• :• • . ‘.i. hi i’ . < 

I'! ••! <. 'll .1 ■ i j • • :t i • ; .-x • . isv . i I li • ■ ! u' ■ :i. .| j"i ■ | • "i . i 

want of room, be done in the present example, is taken through the line 00 , No. 2., passing through the ex- 
trone le'' ' 1 

2456. I ire of the same depth and projection as in the hori* 

sontal p •• • > diagonal section of the horizontal cornice at OS; 

hence that section, if found in perspective at OS, cannot be used for drawing the perspective representation of 
thejpediment cornice, except for the bead or fiUet above the corona, which, from the construction of the 
pediment, will coincide at this mitre, as we may see in No. 2. ; whence it may also be seen that the point x 
does not coincide with f. Xfx cannot, therefore, in the perspective representation, be drawn through X, the 
point answering to / in the diagonal section KRX. OO' in the line OH is to be made in perspective equal 
to mo, No. 2., and the whole depth 00 , and those of the several mouldings on the oblique section, being set 
upon EQ produced, they are to be transferred to OO' by means of the vanishing points. The distence O'l 
is the perspective distance of the projection ^ of the comice as before, and is most readily obtained from the 
section 0"T", which is transferred to the plane O'l, and will be easily comprehended from the figure; the 
quantity of projection of each raking moulding of the pediment is equu to that of the same moulding where 
horizontal. Thus the perspective representation of an oblique section made by a plane passing through 00 , 

K • ”■ ' ' ' ' ■ )oint through the various points, the 

i ! \ ■ I * \ ' s modilliODs, their representations are 

f- > but if no plan is used, the following 

method, invented by the elder Malton, may be adopted: 

2457. T)’■^W BO f}-, '*• ■••• ..... V- •' ..I*; <• ’ •» 

pointxi MQ I ‘a. ‘ • r> If «* r<M , ! >1 

No. 3. t.) \ I ' .‘.‘..I \ r 1 I :: |U*. > > :i. n : 

Thai set off the proportional widths and intervals of ! '■ * 

trmsfer them by means of the same proportioning point by which z was transferred to 1 ; and from the 
points 2, 3, 4, 5, 6, &c. In xy thus obtained, draw on the perspective of the sofite by the use of the vanishing 
point the lines representing the tops of the modiliions corresponding to 2, 3, 4, &c.. No. 2. The cyroatium 
round tbem and the inner angle 01 the sofite may be drawn by the eye, or where great accuracy is required, 
the mitre or diaronal sections may be determined as for the principal 
mouldings already described. At the backs of the modilhons the 
verticals are to be determined either by means of visual rays from a 
plan, or through the medium of intersections of the perspective lines 
<jf the uf^r pa^ of them <»i the sofite, which is as much as can be 
rmiii^ili' for ^I'liMiiig ii* 1 1 a « ‘.‘"ii t ' d- ■!!: af » 1 . The same process is 
im! iri‘ ini-i! 11: .;•* • 'i *’ • 01 ! • r >: ’• <>. 

'I'lic }<>!'.«>« I'll! i« .'Ml tail nu'iaoi! lo' di.'ding vanishing lines in 
jH'rsMM'MH*. :Ml tlMii iM.' ii‘ representation of two 

paralii i.. "M >11.11.1 r 1:1 i,l;:iir, !i i> iired to divide the given 

portion of AB on one of them so that its parts shall be the perspective 
^presentation of equal portions of the real line (or in any assigned 
raao). Draw BE parallel to CD and equal to AB, and divide it into 
■'V e jq desired proper- 





uce it to meet CD in F. From F draw lines to each of the points 
/ will cut AB in the required points of subdivision p qr s. 


Sect. III. 

SHADOWS. 

2458. Sci(^raphy, or the doctrine of shadows, is a branch of the science of projection, 
and some preparation has been made for its introduction here in Sect. VI. Chap. I. (lllO, 
et. seq.) on Descriptive Geometry, which, if well understood, will remove all difficulty in 
comprehending the subject of this section. 

2459. He reader vrill understand that in this work, which is strictly architectural, the 
only source of light to be considered is the sun, whose rays, owing to his great distance 
are apparently paraDel and rectilineal. It is moreover to be premised, that such parts of 
any body as may be immediately opposed to the rays of light are technically said to be n 
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lighty and the remaining parts of such body are said to be in shade. But when one 
body stands on or before another, and intercepts the sun’s rays from the latter, which 
is thereby deprived of the action upon it of the rays of light, the part so deprived of the 
immediate action of the light is said to be t« shadow. It seems hardly necessary to ob- 
serve, that the parts of any body nearest the source of light will be the brightest in 
appearance, whilst those furthest removed from it will, unless under the action of reflected 
light, be the darkest. 

2460. It has been the practice, in architectural drawings, to represent the shadows of 
their objects at an angle of forty-five degrees with the horizon, as well on the elevations as 
on the plans. The practice has this great convenience, namely, that the breadth of the 
shadow cast will then actually measure the depth of each projecting member which casts 
it, and the shadowed elevation may be thus made to supply a plan of the external parts of 
the building Now, if in the elevation the shadows be cast at an angle of forty-five degrees, 
it will on a little consideration be manifest, that, being only projections of a more length- 
ened shadow (for those on the plan are at an angle of forty-five degrees), the actual shadow 
seen diagonally must be at such an angle as will make its projection equal to forty-five 
degrees upon the elevation ; because all elevations, sections, and plans, being themselves 
nothing more than projections of the objects they represent, are determined by perpen- 
dicular, horizontal, or. inclined parallel lines drawn from the 


points which bound them to the plane of projection, and simi- 
larly, a shadow in vertical projection, which forms an angle of 
forty-five degrees with the horizon, can only be the representa- 
tion on such projection of an angle, whose measure it is our 
business now to determine. 

2461. In the cube ABCDEFGH 838.) the line BD, 
forming an angle of forty-five degrees with the horizon, is a 
projection or representation of the diagonal AH on the ver- 
tical plane ABD j and our object being to find the actual angle 
AHB, whereof the angle ADB is the projection, we have the 
following method. Let each side of the cube, for example, 
= 10. Then (by 907.) AD? + DH‘i= AH^. 


E P 



Fig. S3S. 


That is, 10 X 10 + 10 X 10 = 200= AH?, consequently AH = 14 '142100. 

As BAH is a right angle, we have by Trigonometry, using a table of logarithins, — 
As AH ( = 14 14142100) or Ar, Co. Log. . 9*8494850 

To tangent 45^ .... 10 0000000 

So AB ( = 10*00000000) log. . . I 0000000 


To tangent of angle FHB=35® 16' . . =9*8494850 

The angle ABH is therefore 54® 44^. 


Hence it follows, that when shadows are projected on the plan as well as on the eleva- 
tion, at an angle of forty-five degrees, the height of the sun v/'hich projects them must be 
35° 16'. 

2462. It is of the utmost importance to the student to recollect this fact, because it w’ill 
be hereafter seen that it will give him great facility in obviating difficulty where confusion 
of lines may lead Iiim astray, being, in fact, not only a check, but an assistance in proving 
the accuracy of his work. 

2463. We now proceed to submit to the student a series of examples, containing the 
most common cases of shadowing, and which, once well understood, will enable him to 
execute any other case that may be presented to his notice. 

2464. \njig. 839. we have on the left-hand side of the diagram the common astragal 
fillet and cavetto occurring in the 

Tuscan and other pilasters, above in - ^ i Xe 

elevation and below in ulan. The l • - fk- 


elevation and below in plan. The l 1 • 

right-hand part shows the same con- ■■vj. ■ • - ■■■■r l' ’’ 

nected with a wall, whereon a shadow — i > -i— — 

is cast by the several parts. LL is a c ■ 

line showing the direction of the light S *’* , 

in projection at an angle of forty-five -vi — : — rr ^v- 

degrees. It will on experiment be | j. ^ g-' .. g 

found, by a continuation of the line, 1/ ' 

or by one parallel to it, to touch the / 1 a\y' 

side of the astragal at a, whence an Kig. ssj. d 

horizontal line drawn along it will 

determine its line of shade. We here again repeat, to prevent misunderstanding, that 
in the matter we are now attempting to explain we are not dealing with reflected light, 
nor with the softening oflf of shadows apparent in convex objects, but are about to 

Uu 4 
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determine the mere boundaries of shade and shadow of those under consideration. The 
rest must be learned from observation, for the circumstances under which they are seen 
must constantly vary. This, however, we think, we may safely state, that if the bound- 
aries of shade and shadow only be accurately given in a drawing (however complex), 
the satisfaction they will afford to the spectator will be suflScient, without further refine- 
ment. But it is not to be understood from this that we discountenance the refine- 
ment of finish in architectural subjects ; all that we mean to say is, that it is not necessary. 
To return to the diagram : it is manifest that if the boundary of shade be at a from that 
point parallel to the direction of the light a line ab will determine the boundary of shadow 
on the fillet at b, and that from the lower edge of such fillet at f a line again parallel to 
the direction of the light will give at c the boundary of the shadow it casts upon the 
shaft S. As, in the foregoing explanation, a was the upper boundary of shade, so by pro- 
ducing the horizontal line which it gave to a on the right-hand side of the diagram we 
obtain there a corresponding point whence a line aa'' parallel to the direction of the light is 
to be drawn indefinitely ; and on the plan a line an, also parallel to the direction of the light, 
cutting the wall WW whereon the shadow is cast at a. From the point last found a vertical 
line from a, where the shadow cuts the wall on the plan, cutting aa' in a', will determine the 
point 2 l in the shadow. The point e, by a line therefrom parallel to the direction of the light, 
will determine similarly the situation e' by obtaining its relative seat on the diagonal cd, 
which perhaps will be at once seen by taking the extreme point d of the projection of the 
astragal, and therefrom drawing dd' parallel to the direction of the light. From the line 
dd, drawn similarly parallel to the direction of the light, and cutting W W in d, we have the 
boundary of the shadow on the plan, and ftom that point a vertical dd being drawn, the 
boundary of shadow of the extreme projection of the astragal is thus obtained. The 
boundary of shadow of the fillet on the right-hand side at similarly by means of 66, 
and by the vertical 6b', gives the boundary point of the shadow from b. The same 
operation in respect of cc gives the boundary of shadow from c to c' in the latter point. 
We have not described this process in a strictly mathematical manner, because our desire 
is rather to lead the student to think for himself a little in conducting it ; but we cannot 
suppose the matter will not be perfectly understood by him even on a simple inspection of 
the diagram. 

2465. In the diagram {Jig, 840.) ^ 
is represented a moulding of com- 
mon occurrence in architectural sub- 
jects, and, as before, the right-hand 
side Is the appearance of its shadow 
on the wall WW on the plan. It 
will be immediately seen that LL 
being the projected representation 
of the rays of light, the line aa de- 
termines the boundary of shadow 
on the ovolo, and that at b, the 
boundary of its shade, is also given 
by a line touching that point parallel 
to the rays, or rather projected rays, 
of light. On the right-hand side 
of the figure oo', drawn indefinitely 
parallel to the direction of the light, 
and determined by a vertical from a", the intersection by a'V' with the wall, will give o'a", 
the line of shadow of oa'. The line aa determines the shadow on the ovolo, and this 
continued to a' horizontally gives also a like termination to a" in the shadow ; b, the boun- 
dary upwards of the ovolo’s shade, 
is represented to the right by b', and 
to the right on the plan by 6, whence 
by a vertical cutting the line h"b" in 
b", the boundary of shadow which 
b' will cast is obtained, cc on the 
plan is in projection the distance 
of the line of shade c' from the 
wall whereon the shadow is cast, 
and its place in the shadow is at 
c", ee"b" being the length of hori- 
zontal shadow produced by the cir- 
cumstances. 

In Jig. 841., which, it will be seen, 
is a common fillet and cavetto, LL 
is, as before, the direction of the 
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light, and aa gives the boundary of shadow, as well of the fillet’s lower edge as of the 
lower edge of the cavetto itself. In respect of the right-hand side of the figure, a'a' is a 
line showing in profile the extent of projection of the fillet before the wall line WW, and 
from a' a line drawn indefinitely parallel to the direction of the light, and terminated by 
the intersection of a vertical from a' in will give the point a' in the shadow. So is 
bb found through a vertical from h on the wall, by a line drawn parallel to the direction 
of the light from b on the plan. The several points being connected by lines, we gain the 
boundaries of the shadow, wherein a'a'" is represented by a"a". 

2466. Fig. 842. exhibits a fillet and cyma reverse or ogee, wherein, as before, LL. is the 
direction of the light at a similar 
angle to that used on the plan. 

From the lower edge of the fillet, 
parallel to the direction of the 
light, is obtained the point a on 
the ogee, and from b a similarly 
parallel line gives the boundary of 
shadow in c. A line from o in di- 
rection of the light, drawn indefi- 
nitely, intercepted by a vertical 
line from d', its projection on the 
plan in d determines o'd, the 
boundary of the shadow of the 
fillet on the wall WW. cc'" is 
the line of profile of the project- 
ing boundary in elevation, of the 
shade of the ogee before the wall, 
whereon its shadow is terminated 
from c and c'" by a vertical c'" c'". 
bb', the boundary of shade of the 
ogee itself, is found in shadow by the line bV" drawn indefinitely parallel to the direction 
of the light, and terminated by a vertical from 6', the point on the wall correspondent to 
6 on the plan, the place of the shade’s point in the elevation. I'y the junction of the 
lines so found, we shall have the outline of the shades and sliadows cast. It is here to 
be observed, that the portion of light a'b' which the moulding retains is represented in 
the shadow by a"b'", all the other parts of its curved form being hidden, first by the pro- 
jection of the fillet, and secondly by the line of shade bb", which acts in the same way as the 
fillet itself in producing the line aa', for the moment the light is intercepted, whether by 
a straight or curved profile, shadow must follow the shade of the moulding, whatever it 
be ; and this is by the student to be especially observed, 

2467. Fig. 843. exhibits the mode of obtaining the shadows and shade in the cyma 
recta. LL is the direction of the 

light, parallel whereto the line ab ! 



determines the line of horizon- 
tal shadow cast by the lower edge 
of the fillet upon the cyma, and 
cd that of the under part of the 
cyma itself upon the fillet at d. 
cc' is the upper boundary of the 
sliade of the cyma, and e the point 
for determining the shadow of the 
lower fillet, the points abed corre- 
sponding with abed on the plan. 
WW on the right hand is the face 
of the wall, whereto the lines e'e", 
d d", e'e", b 6", and a'a" are drawn 
parallel to the direction of the 
light. From e"d''c''Va" vertical 
being drawn, cutting the indefi- 
nite lines oo', a'a ', &c. parallel 
to the direction of the light in 
e", d'", c", b", and a", we have the 



Fig. 813. 


form of the shadow in elevation. 'Hie part from b' to c' of the cyma being in light, its 
shadow will be the curve c fr", wherein, if it be required on a large scale, any number 
of points may be taken to determine its form by means of correspondent points on the plan 
as for the parts already described. 

2468. Fig. 844. is the plan and elevation of some steps, surrounded by a wall, and P in 
the plan is a square pillar standing in front of them. It will be seen that the line AB 
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corresponds with ab on the plan, as do the points 
E, F, G, H with efgh, from which verticals deter- 
mine them in the elevation. The projection of the 
plinth on the lower step is found by KI and a 
corresponding line and vertical, which, to prevent 
confusion, is not shown on the plan. Tlie shadow 
of the square pillar P is found in a similar manner 
by the line CD corresponding to cd on the plan, the 
shadows on the steps being also determined by the 
points L, M, N, O, through the medium of verticals 
from 1, m,n, o. The left-hand side of the shadow of 
the pillar is determined in a similar way by the 
line pq, and QR in the elevation is given by qr in 
the plan, and is the line representing the back ps 
of the top of the pillar. It will be observed that 
we have not described any of the preceding dia- 
grams in a strict way, neither shall we do so in 
those that follow, presuming that the reader has, 
from the perusal of the section on Descriptive Geo- 
m^ry acquired sufficient knowledge to follow the 
several lines. 

2469- The Jig, 845. is a sort of skeleton plan 
and elevation of a modillion cornice, but deprived 
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of a corona, so as to show the shadows of the modillions, independent of any connection 
with other parts of the assemblage. FG, HI, and AB parallel to the direction of the light 
determine, by means of verticals from d and i, the points of shadows from the correspond- 
ent points c, I, the points D, L, and I, whereof L is the point of shadow of M. 

2470. In^g, 846. we approach a little nearer to the form of a modillion cornice. The 
line EF determines the shadow of the corona, and AB by means of the lines cd, Ik, and tlie 
verticals dD, kK, the boundary of the side HL of the modillions. A line also drawn 
horizontally from B will give the under sides of their shadows. FG is a line representing 
the shadow of the corona. 

2471. Fig. 847. gives the hnished modillion, and the lines Aa, Bb, Cc, Dd will deter- 
mine, by horizontal lines drawn from 
them, the shadows which we are seek- 
ing. The auxiliary lines, to which no 
letters are attached, cannot fail of being 
understood ; but if difficulty arise in 
comprehending them, it will be removed 
by planning the several points, and 
therefrom drawing on the plan, to meet 
what may be called the frieze, vertical 
lines to intercept those from the corre- 
spondent points in the elevation, and the 
operation will be facilitated, perhaps, 
by projecting the form of the curved 

lines (as seen in the figure) whereof Fig. S47. 

the modillion is formed. 

2472. Fig. 848. will scarcely require a description. It is a geometrical elevation of the 
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Doric triglyph and frieze, with the usual acces- 
sories. AB gives the boundary of shadow on 
the femora of the triglyph, AC the boundary of 
shadow on the light sides of the glyphs, and AD 
of the shadow of the corona on the frieze. 

2473. Fig. 849. is a skeleton representation Fig. 849. 

of a three-quarter column, forming part of an 

arcade. Tlie abacus is the mere block of material Ak. In the plan ah shows the 
length of the line of shadow AB, and is determined by the vertical bB. In the same way, 
CD is found by cd and the vertical dD. kG is 
the representation of kg on the plan, and by a 
vertical from g the line GH is also determined; 

H giving also by the horizontal line FH, in which 
H is already found, the situation of shadow of the 
point E of the abacus, as also by a vertical from 
f. LMN are places of the shadow of the column 
on the impost moulding of the arch, whereof two 
correspondent points are seen in 1 and n. 

2474. The form of shadow of the console in 
fig. 850. will be seen on inspection to have been 
found from the lines aa, cc, dd, &c. on the eleva- 
tion, corresponding with on, cc, dd, &c. on the 
section, all which are parallel to the direction of 
the light, and sufficiently explain themselves. 

2475. Fig. 851. is the elevation and section of 

a hemispherical niche, wherein are shown the 
shadows cast thereon by the vertical wall in which 
it is placed. Through the 
centre O draw DD at right ^ 

angles to the direction of the 
light, and from O draw OA 
parallel to the direction of the 
light ; A will be found the point 
in the wall casting the longest 
shadow. Produce AO indefi- 
nitely; and from a, the corre- 
sponding point in the section 
to A on the elevation, draw aa', 
parallel to it, which will cut 
the sur&ce of the niche in a'. 

Draw the horizontal line a! a" 
cutting AO produced in a'", 
and a" will represent in the 
shadow the point A in the cir- ' 
cumference. Take any other ng. soi. . , 

point B in the edge of the niche, and by means of a line drawn therefrom horizontally we 
have the correspondent point of B in the section. From B draw in the direction of the 
light the line Bb"' b", cutting DD on the diameter in b'" ; transfer the point b"' in the 
elevation to 6 in the section, and draw bb' in the direction of the light indefinitely. 
Then with Bb"' as a radius from 6 as a centre, describe an arc cutting bb' in b' ; and 
from I/ draw the horizontal line b' b", catting Bb"' produced in b", and b" will be the 
point in the shadow corresponding to B in the elevation. To avoid the confusion which 
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would follow the description o£ the remainder of the operation, we have not encum* 
bered the diagram with more letters of reference ; the lines lowing, on inspection, 
rimilar applications of the process for all parts of the curve. The fact is, that the whole 
of tile stwow may be completed by taking the line DD as the transverse axis of an 
eUipris, and finding the semi-conjugate axis Oa by the means above described, for I>a"D is 
a semi-elUpsis in form, inasmuch as it is the projection of a section of a hemisphere. Ibis 
example is applicable to the shadow of a cylindrical niche with a hemispherical head. The 
line NN shows the shadow of the portion of the head, and the remainder is obtained by 
the mere intersection of lines in the direction of the light from different points to the left 
of N, of which enough has been already given in the previous examples to make the appli- 
cation intelligible. 

2476. Fiff. 852. is the representation of a pediment wherein the section A is that of the 



F«. S52. 


mouldings of the pediment at its 
apex. In the section, ab drawn 
from the projection a of the corona 
in the direction of the light, de- 
termines the point b therein, where- 
irom the horizontal tine Intercepted 
by the line ab in the elevation, also 
drawn parallel to the direction of 
the light, gives the point b in the 
elevation. A line from b, parallel 
to the inclined sides of the pedi- 
ment on the left, will give the shadow 
of the corona on the tympanum on 
that side, and similarly the line of 
shadow from b on the right side, cd 
determines the line of shadow on the 
frieze, and B is the section of the 
sb^ow of the assemblage of mould- 
ings on the right. 

2477. In 853. is given the 
plan, elevation, and section of a 
square recess, covered with a cylin- 
drical head. The lines AA, BB, 
CC tiie elevation are determined 
by aa, bb, and ^ of the plan ; and in 
the section cV is the representation of 
the line cc of the plan. D, the point 
at which the direction of the light 
begins to touch the circular head, 
is d' in the section. 

2478. Fig. 854. is the elevation of 
an arch, below which is its plan and the 
shadow cast by it on the plane upon 
which it stands. AA is shown by 
oa cm the plan, the corresponding 
pointe in the rear of the arch being 

a\ and of' a" the points in the 
shadow. In a similar way, by BB 
corresponding with W on the plan 
the points b" V’ are obtained in the 
shadow. 

2479. Fig,855. is the pUm and 
clevatkmof the iqqier part ofa bouse. 
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wherein the upper story is occupied 
by an attic in the centre, against 
which, on each flank, the sloping roof 
is terminated, aa on the plan in 
the direction of the light, produced 
to intersect the hip at b, gives, by a 
vertical to B on the elevation, the 
direction BB of the shadow thereon ; 
and BB cut by A A in the direction 
of the light, the length BA of the 
line of shadow, which may, by let- 
ting fall the vertical Aa, determine 
the length aa on the plan. I'he 
line of shadow ac is determined by 
letting fail a vertical from C, where 
the line of shadow is intercepted 
by the hip of the roof ; and from c 
the shadow will be found on trial to 
return as shown in the diagram. E 
and D on the elevation are found, 



Fig. 855. 


as seen in previous examples, in ee, and d on the plan, and their shadows at eV and d'. 

2480. What is called an attic base is given in plan and elevation by^^. 856. The me- 
thod of obtaining the shadows thereof 


in plan and elevation is now to be 
explained. It is an example which 
constantly occurs in architectural 
subjects, and should be well studied 
and understood. The operations re- 
quisite for obtaining a representation 
of the lines of shadow of the different 
mouldings in this example depend 
upon the principles developed in the 
preceding subsections. The lower 



portion of the figure exhibits the 
plan, and the middle portion the ele- 
vation of the attic base in question. l' 

The uppermost portion of it presents 
three sections of the mouldings of the 
base in question cut in three different 
places parallel to the direction of the 
light. This last portion of the figure 
is not absolutely necessary, inasmuch 
as the profiles in question might 
have been obtained upon the eleva- 
tion j but we have preferred keeping 
it separate to prevent a confusion of 
subsidiary lines. There is moreover 
another advantage in thus separating 
the parts from each other, namely, 
that of immediately and more dis- 
tinctly seeing the lines at each select- 
ed place, in which the rays of light 
separate the parts actually in light 
from those in shadow ; and where 

the student is likely to meet with Fig. 856 . 

matters of perplexity, nothing should he left untried to save his time, and, what is often 
more important, his patience. The mode to be adopted is as follows : — 

Make on the plan any number of sections a'aa'a\ b'b'b'b' in the direction of the light, and 
draw on the elevation the corresponding sections aaaoL, hbhb. LL being the direction of the 
light, draw parallel thereto tangents to the curves of the convex mouldings, and the bounda- 
ries of their shades will be obtained, as wdll also those of their shadows, by continuing them 
from such boundaries till they cut the other parts in each section, as will be more especially 
seen at cc. It will be recollected that in our first mention of the projected representation of 
the line of light and shadow we found that it was an angle of 54"^ 44' of the diagonal of a 
cube. This angle is set out in xyz on the plan. We have therefore another mode of 
finding the boundaries of shade and shadow on the moulding, by developing the sections 
a a' a a , b'b b'b', &c., as at A, B, and C, and drawing tangents yz to the convex mouldings for 
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boundaries of shade thereon, and continuing them, or otherwise, for the other parts, as 
shown in the diagram. 

248 1 . In^^. 857 . , which represents 
the capital of a column, a similar me- 
thod is used to that last mentioned for 
obtaining the shades and shadows, by 
means of a'a'a'a! and 6'6'6'6', which are 
shown on the elevation by aaaa and 
hhlA. We apprehend this will be un- 
derstood by little more than inspec- 
tion of it. 

It is obvious that the means here 
adopted for obtaining the lines of 
shadow are precisely similar to those 
used in the preceding example. In 
this, however, the sections of the ca- 
pital parallel to the direction of the 
light are made on the elevation, and 
it will be seen that many of them are 
not required to obtain an accurate 
boundary of the lines of shadow 
sought ; for after having obtained 
those points from which the longest 
shadow falls, and on the other side 
those where the line of shadow com- 8-^7. 

mences, a curve line of an elliptical nature connects the points found. If the drawing** to 
be made be on a large scale, it may then be worth the architect’s while to increase” the 
number of points wherefrom the shadow is to be projected, so as to produce the greatest 
possible accuracy in the representation. 

2482. The shadows of an Ionic capital are given in Jig, 858. The shadow of the volute 
on the column is obtained by any number of lines AA, BB, CC, &c. from its different 




Fig. 858. 

parts and verticals from their corresponding ones aa, bb, cc, &c. on the plan, and similarly 
the shadow of the capital on the wall. In this example, as in those immediately preceding, 
the employment of sectional lines parallel to the direction of the light is again manifest. 
The use of them is most especially seen in the example of the Corinthian capital which 
follows. As a general rule, it may be hinted to the student of sciography, that in the diffi- 
culties that may occur, they will be most expeditiously and clearly resolved by the use 
of the sectional lines, whereon we have thought it proper so much to dilate. 

2483. The Corinthian capital in Jig. 859. will require little more than inspection to 
understand the construction of its sciography ; and all that we think necessary to particu- 
larise are the developed projections A, B, C, D, E, F of the abacus and the leaves, whereon 
the termination of the shadows at angles of 54° 44', as explained in Jig. 856., give their 
respective depths on the elevation. 

There is another method of arriving at the result here exhibited, by drawing sectional 
Iine.s parallel to the direction of the light through the different parts and leaves of the 
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Fig. 859. 


capital on its elevation, as in Jig. 857-, and such was the mode we were formerly in the habit 
of adopting. It however induces such a confusion of lines, that we have long since aban- 
doned It, and have no hesitation in recommending the process here given as the best and 
most likely to avoid confusion. It is of course unnecessary, in making drawings, to project 
more than the shadow of one capital, as in a portico, or elsewhere, similar capitals, similarly 
exposed to the light, will project similar shadows, so that the projection on one serves for 
the projection on all of them, 

2484. For instruction upon the mode in which reflected light acts upon objects in shade 
and shadow, we must refer the learner to the contemplation of similar objects in relief. 
J he varieties of reflexes are almost infinite ; and though general rules might be laid down 
they would necessarily be so complicated, that they would rather puzzle than instruct, and 
under this head we recommend the study of nature, which will be found the best instructress 
the student can procure. 


Sect. IV. 

WORKING DRAWINGS, 

2485. Working drawings are those made of the parts at large for executing the works, 
which could not be well done from drawings on a small scale, wherein the small parts 
would not be either sufficiently defined, or could not be figured so as to enable the work- 
man to set out his work with accuracy. TJiey are generally in outline, except the sectional 
parts, which are frequently hatched or shaded to bring the profiles more readily before the 

2486. It is obvious that though drawings made to a twelfth or a twenty-fourth part of 
their real size may well enough supply the wants of the workman where there is no com- 
plication in the distribution and arrangement, and in ca'^es where there is a simple treat- 
ment of regular forms, of right angles and the like; yet in all cases wherein we have to 

details of architecture, and in construction, where the variety of forms 
us^ is infinite from the variety of the circumstances, nothing short of drawings of the 
full or at the least of half the size will safely guide the workman. 

2487. rhe art of making working drawings, which must have been well understood at 
all periods of the practice of architecture, involves a thorough knowledge of projection or 
descnpnve geometry, and consists in expressing by lines all that occurs for the develope- 
ment of every part of the details of a building, in plan, elevation, and profile, each part 
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being placed for the use of the workman with clearness and precision. All the rules by 
which working drawings are wrought are dependent on the matter in this work already 
communicated to the reader, excepting only thc^ details of the orders, and some other 
matters, which will be found in Book III. But we shall here, nevertheless, briefly replace 
before him the leading principles whereon working drawings are to be prepared- And 
first, he is to recollect that solids are only represented by the feces opposite to the eye ; 
secondly, that the surfaces by which solids are enclosed are of two sorts, that is, rectilinear 
or curvilinear. Those bodies in which these properties are combined may be divided into 
three sorts : 1. Those which are bounded by plane surfaces, such as prisms, pyramids, and 
generally all straight work. 2. Those in which there is a mixture of straight and curved 
lines, as cylinders, cones, or portions of them, voussoirs of vaulting, and the like ; and 3. 
Those solids wherein a double flexure occurs, as in the sphere, spheroid, and in many 
cases of voussoirs, 

2488. We should, however, unnecessarily use the space allotted to us by further entering 
on these matters, on which enough has been alr^dy said in previous sections. The plain 
truth is, that working drawings are to be so made for the use of the artificer as to embody 
on a scale, by which no mist^e ought to occur, ^1 the information which this work has 
already given on construction, and that which follows in the more refined view of architec- 
ture as a fine art. 

2489. In works whose magnitude is not of the first class, the drawing of every part, both 
in construction and in those which involve the work as one of art, every portion should be 
given of the full size whereof it is proposed to be executed- Where the building is large, 
as also the parts, this may be dispensed with ; but then it becomes (the detail being drawn 
on a smaller but folly intelligible scale) the duty of the architect to see that the drawings 
he fomishes are faithfully drawn out to the full size by the artificer on proper moulds. 
Often it is useful, never, indeed, otherwise, to offer «/>, as it is called, small portions of 
mouldings on the different parts of a building, to ascertain what the effect may be likely to 
be at the heights fixed for their real places. In these matters he should leave no means 
untried to satisfy himself of the effect which what he has first planned in small is likely to 
produce when executed. 

2490. We have presumed that the architect is so far educated as to have acquired a foil 
knowledge of all that rules can teach, and that, strictly speaking, he has proportioned his 
work in conformity with them. Still, in real practice, there are constantly so many 
circumstances which concur in making it almost necessary to depart from established rules, 
such as surrounding buildings, where it is of importance to give predominance to a part for 
the purpose of making it a feature, that the expedient of trying a portion of the proposed 
dehul in the place it is actually to occupy, is a matter that we would advise every architect 
to adopt after he has made and studied the working drawings whereof we treat. 

2491. We have not alluded to the matters of carpentry and joinery, in which it is often 
necessary to give the artificer information by means of working drawings ; but the methods 
of trussing in carpentry, and of framing in joinery, often require working drawings. What 
has already been exhibited under those heads (^31, et will prevent his being left 
uninstructed, and will, moreover, have afforded such information as to prepare him, by the 
exercise of his own ingenuity, for such cases as may not have been specially given in the 
examples herein contained. We therefore here close our observations under this section 
by an intimation to the student, that the proper preparation of working drawings for the 
use of the artificer tests his acquaintance with the theory and practice of the art, and is of 
the utmost importance to the pocket of the employer from whom he receives a commission, 
whereof it is his duty as a gentleman never to lose sight. 
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2492. The existence of architecture as a fine art is dependent on expression^ or the 
faculty of representing, by means of lines, words, or other media, the inventions which the 
architect conceives suitable to the end proposed. That end is twofold ; to be useful, and 
to connect the use with a pleasurable sensation in the spectator of the invention. In 
eloquence and poetry the end is to instruct, and such is the object of the higher and histo- 
rical classes of painting; but architecture, though the elder of the arts, cannot claim the 
rank due to painting and poetry, albeit its end is so much more useful and necessary to 
mankind. In the sciences the end is utility and instruction, but in them the latter is not 
of that high moral importance, however useful, which allows them for a moment to come 
into competition with the great arts of painting, poetry, and eloquence. It will be seen 
that we here make no allusion to the tower branches of portrait and landscape painting, 
but to that great moral and religious end which fired the mind of Michael Angelo in the 
Sistine Chapel, and of Ratfaelle Sanzio in the Stanze of the Vatican and in the Cartoons. 
Above the lower branches of painting just mentioned, the art whereof we treat occupies 
an exalted station. In it though the chief end is to produce an useful result, yet the ex- 
pression on which it depends, in common with the other great arts, brings each within the 
scope of those laws which govern generally the fine arts whose obj'ect is beauty. Beauty, 
whatever difference of opinion may exist on the means necessary tt> produce it, is by all 
admitted to be the result of every perfection whereof an object is susceptible, such perfec- 
tions being altogether dependent on the agreeable proportions subsistent between the 
several parts, and those between the several parts and the whole. The power or faculty of 
inventing is called genius. By it the mind is capable of conceiving and of expressing its 
conceptions. Taste, which is capable of being acquired, is the natural sensation of a mind 
refined by art. It guides genius in discerning, embracing, and producing beauty. Here 
we may for a moment pause to inquire what may be considered a standard of taste, and 
that cannot be better done than in the words used on the subject by Hume (Essay xxiii.); 
“ The great variety of tastes,” says that author, as well as of opinion, which prevails in the 
world, is too obvious not to have fallen under every one’s observation. Men of the most 
confined knowledge are able to remark a difference of taste in the narrow circle of their 
acquaintance, even where the persons have been educated under the same government and 
have early imbibed the same prejudices. But those who can enlarge their view to con- 
template distant nations and remote ages are still more surprised at the great inconsistence 
and contrariety. We are apt to call barbarous whatever departs widely from our own 
taste and apprehension, but soon find the epithet of reproach retorted on us, and the 
highest arrogance and self-conceit is at last startled on observing an equal assurance on all 
sides, and scruples, amidst such a contest of sentiment, to pronounce positively in its own 
favour.” True as are the observations of this philosopher in respect of a standard of taste, 
we shall nevertheless attempt to guide the reader to some notion of a standard of taste in 
architecture. 

2493. There has lately grown into use in the arts a silly pedantic term under the name of 
^Esthetics, founded on the Greek word ’Ai<r0ijTiic^s, one which means having the power ot 
perception by means of the senses ; said to be the science whereby the first principles in all 
the arts are derived, from the effect which certain combinations have on the mind as con- 
nected with nature and reason : it is, however, one of the metaphysical and useless additions 
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to nomenclature in the arts, in which the German writers abound, and in its application to 
architecture of least value ; because in that art form is from construction so limited by 
necessity, that sentiment can scarcely be said to be further connected with the art than is 
necessary for keeping the subordinate parts of the same character as the greater ones under 
which they are combined ; and, further, for thereby avoiding incongruities. 

2494. It is well known that all art in relation to nature is subject to those laws by which 
nature herself is governed, and if we were certain that those rules of art which resulted 
from reason were necessarily and actually connected with sensation, there would be no 
difficulty in framing a code of laws whereon the principles of any art might be firmly 
founded. “ Principles in art,” as well defined by Payne Knight, “ are no other than the 
trains of ideas which arise in the mind of the artist out of a just and adequate consider- 
ation of all those local, temporary, or accidental circumstances upon which their propriety 
or impropriety, their congruity or incongruity, wholly depend.” By way of illustrating 
the observation .just made, we- will merely allude to that maxim in architecture which 
inculcates the propriety of placing openings over openings and piers over piers, disallowing, 
in other words, the placing a pier over an opening without the exhibition of such pre- 
paration below as shall satisfy the mind that security has been consulted. There can be 
no doubt that a departure from the maxim creates an unpleasant sensation in the mind, 
which would seem to be immediately and intimately connected with the laws of reason ; 
but there is great difficulty in satisfying one’s self of the precise manner in which this 
operates on the mind, without a recurrence to the primitive types in architecture, and 
thence pursuing the inquiry. But in the other arts the types are found in nature herself, 
and hence in them no difficulty occurs in the establishment of laws, because we have that 
same nature whereto reference may be made. We shall have to return to this subject in 
the section on the Orders of Architecture, to which we must refer the reader, instead of 
pursuing the subject here. 

• 2495. Tliroughout nature beauty seems to follow the adoption of forms suitable to the 

expression of the end. In the human form there is no part, considered in respect to the 
end for which it was formed by the great Creator, that in the eye of the artist, or rather, 
in this case the better judge, the anatomist, is not admirably calculated for the function it 
has to discharge ; and without the accurate representation of those parts in discharge of 
their several functions, no artist by means of mere expression, in tlie ordinary meaning of 
that word, can hope for celebrity. This arises from an inadequate representation having 
the appearance of incompetency to discharge the given functions ; or, in other words, they 
appear unfit to answer the end. 

2496. We are thus led to the consideration of fitness^ which, after all, will he found to be 
the basis of all proportion, if not proportion itself. Alison, in his Essoy on Taste, says, 
“ I apprehend that the beauty of proportion in forms is to be ascribed to this cause," 
(fitness) “and that certain proportions affect us with the emotion of beauty, not from any 
original capacity in such qualities to excite this emotion, but from their being expressive 
to us of the fitness of the parts to the end designed.” Hogarth, who well understood the 
subject, concurs with Alison in considering that the emotion of pleasure which proportion 
affords does not resemble the pleasure of sensation, but rather that feeling of satisfaction 
arising from means properly adapted to their end. In liis Analysis of Beauty that great 
painter places the question in its best and truest light, when, speaking of chairs and tables, 
or other common objects of furniture, he considers them merely as fitted from their pro- 
portions to the end they have to serve. In the same manner, says Alison, “ the effect of 
disproportion seems to me to bear no resemblance to that immediate painful sensation 
which we feel from any disagreeable sound or smell, but to resemble that kind of dissatis- 
faction which we feel when means are unfitted to their end. Thus the disproportion of a 
chair or table does not affect us with a simple sensation of pain, but with a very observ- 
able emotion of dissatisfaction or discontent, from the unsuitableness of their construction 
for the purposes the objects are intended to serve. Of the truth of this every man must 
judge from his own experience.” We cannot refrain from continuing our extracts from 
this most intelligent author. “ The habit,” he says, “ which we have in a great many 
^miliar cases of immediately conceiving this fitness from the mere appearance of the form, 
leads us to imagine, as it is expressed in common language, that we determine proportion by 
the eye, and this quality of fitness is so immediately expressed by the material form, that we 
are sensible of little difference between such judgments and a mere determination of sense; 
yet every man must have observed that in those cases where either the object is not 
familiar to us or the construction intricate our judgment is by no means speedy, and that 
we never discover the proportion until we previously discover the principle of the machine 
or the means by which the end is produced.” 

2497. The nature of the terms in which we converse shows the dependence of proportion 
on fitness, for it is the sign of the quality. The natural answer of a person asked why the 
proportion of any building or machine pleased him, would be, because the object by such 
proportion was fit or proper for its end. Indeed, proportion is but a synonyme of fitness, 
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Amt if the fbrm be wdl contriTed, and the serex^ parts be properly adjusted to their end, 
we immediately express our opinion that it is well proporti<H]ed. 

2498. There is, bowers, between proportion and fitness, a distinction drawn by our 
author, which must be noticed. “ Fitness expresses the relation of the whole of the means 
to the end ; proportion, the proper relation of a part or parts to their end.” But the dis- 
tinction is too refined to be of importance in our consideration ; for the due proportion of 
parts is amply that particular form and dimension which from experience has b^n found 
best suited to the object in view. “ Proporticm,” therefore continues Alison, ** is to be 
ccmsidered as applicable <mly to forms composed of parts, and to express the relation of 
propriety between any part or parts and the end they are destined to serve.” 

2499. Forms are susceptib^ of many divisions, and consequently proportions ; but these 
are only subordinate to the great end of the whole. Thus, for instanre, in the constantly 
varying forms of &shion, say in a chair or table, the merely ornamental parts may bear no 
relation to the general fitness of the form, but they must be so contrived as to avoid 
unpleasant sensation, and not’ to interfere with the general fitness. If we do not under- 
stand the nature of its fitness, we cannot judge of the proportion properly. “ No man,’* 
says Alison, ** ever presumes to speak of the proportions of a machine of the use of which 
he is ignorant.” When, however, we become acquainted with the use or purpose of a 
particular class of forms, we at the same time acquire a knowledge which brings under our 
view and acquaintance a larger circle of agreeable proportions than the rest of the world 
understand ; and those parts which by others are regarded with indifference, we contem- 
plate with pleasure, from our superior knowledge of their fitness for the end designed. 
The proportions of an object must not in strength be carried beyond what 
is required for fitness, for in that case they will degenerate into clumsiness, 
whilst elegance, on the contrary, is the result of the nicest adjustment of 
proportion. 

2500. Fitness cannot exist in any architectural object without eqmlihriwm 
in all the parts as well as the whole. The m<^ complete and perfect notion 
that can be conceived of $tabilityy which is the result of equilibrium, may 
be derived from the contemplation of an horizontal straight line ; whilst, 
on the contrary, of instability nothing seems more expressive than a vertical 
straight line. These being, then, assumed as the extremes of stability and 
instability, by carrying out the gradations between the two extremes, we 
may, extending in two parts the vertical line, obtain various forms, more or 
less expressive of stability as they approach or recede from the horizontal 
line. In Jig. 860. we have, standing on the same base, the general form of 
the lofry Gothic spire ; the pleasing, solid, and enduring form of the Egyptian 
pyramid; and that of the fiat Grecian pediment: which last, though in its 

inclination adjusted on different grounds, which have been examined in 

Book IL Chap. III. subsect. 2027, is an eminent instance of stability. Fig. 860 . 

The spire, from its height and small base, seems to possess but a tottering equilibrium 
compared with the othCTS. 

2501. Stability is obviously dependent on the laws of gravitation, on which, under the 
division of statics, not only the architect, but the painter and sculptor, should bestow consi- 
derable attention. We cannot for a moment suppose it will be disputed that at least one 
of the causes of the beauty of the pyramid is a satisfactory impression on the mind of the 
state of rest or stability it possesses. Rest, repose, stability, balance, all meaning nearly 
the same thing, are then the very essential ingredients in fitness; and therefore, in architec- 
tural subject, instability, or the appearance of it, is fatal to beauty. Illustrations of this 
exist in the famous AsinelU and Garisendi towers at Bologna, and at Fisa in the cele- 
brated leaning Campanile. 

2502. It may be objected to what we have written, that fitness alone will not account 
for the pleasure which arises in the contemplation of what are called the orders of archi- 
tecture, and Alison seems very much to doubt whether there be not some other cause of 
beauty. It will, however, be our business to show how the ancients, their inventors, con- 
sidered principally their fitness ; and upon these grounds to show, moreover, how the 
proportions in ancient examples varied, and may be still further varied, without infringing 
upon the principles which guided them in the original invention. Payne Knight has well 
observed, “ that the fundamental error of imitators in all the arts is, that they servilely 
copy the effects which they see produced, instead of supplying and adopting the principles 
which guided the original artists in producing them ; wherefore they disregard alb those 
local, temporary, or accidental circumstances upon which their propriety or impropriety, 
their congruity or incongruity, wholly depend.” “ Grecian temples, Gothic abbeys, and 
feudal castles were all well adapted to their respective uses, circumstances, and situations ; 
the distribution of the parts subservient to the purposes of the whole ; and the ornaments 
and decorations suited to the character of the parts, and to the manners, habits, and em- 
plo 3 nnents of the persems who were to occupy them : but the house of an English noble- 
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18^ or 19th eentui^ is neither a Grecian temple, a Gothic abbey, nor a 
leodal castle ; and if the style oi distribution or decoratimi of either be employed in 
it, such changes and modifications should be admitted as may adapt it to existing circum* 
% stances^ otherwise the scale of its exactitude becomes that of its incongruity, and the de- 

viadon from principle proportioned to the fidelity of imitation.** This is but anothei 
apidhation of the principle of fitness which we have above considered, the chief foundation 
of beauty in the art. We have shown how it is dependent on stability as a main source of 
fitness, smd here subjoin some maxims which will lead the student to fitness in his designs, 
ayfd prevrat him from running astray, if he but bring himself to the belief that they are 
reasonable, and founded upon incontestable grounds, which we can assure him they are. 

First. Let that which is the stronger part always bear the weaker. 

Second. Let solidity be always real, and not brought to appear so by artifice. 

Third. Let nothing be introduced into a composition whose presence is not justified by 
necessity. 

Fourth. Let unity and variety be so used as not to destroy each other. 

Flfrh. Xiet nothing be introduced that is not subordinate to the whole. 

Sixth. Let symmetry and regularity so reign as to combine with order and solidity. 

Seventh. Let the proportions be of the simplest sort. 

Eighth. Let him recollect that nothing is beautiful which has not some good and 
useful end. 

If, after hav ing made his design, he will scrupulously test it by these maxims seriatim, 
" and will strike out what is di^ordant with the tenor of them, he will have overccwne 
a few of the difiBculti^ which attend the commencement of his career. 

9503. We are not of the same opinion with those who, on a geometrical elevation of a 
building, draw lines from its apex, which, bounding the principal parts of the outline, find 
a pyramidal form, and thence infer beauty of general outline. If those who favour such a 
EM^on will but reflect for a moment, they must see that this cannot be a test of its effect, 
inasmuch as the construction of a geometrical elevation of any edifice supposes it to be 
viewed at an infinite distance, whereas, in fact, it is most generally viewed under angles 
which would puzzle the most learned architect, without full investigation, to discover the 
pnmary lines which they assume to be the causes of its beauty. The obscurations and 
foresborteoings that take place are at points of view near the building itself; and, however 
Judicious it may be to form the general masses in obedience to such a system, so as to pro- 
duce an effect in the distance that may be in accordance with the principle, it would be 
extremely dangerous to lay the principle down as a law. The finest view of St Paufs is 
po'haps a little east of Fetter Lane, on the northern side of Fleet Street ; but it would 
puzzle any one to discover its pyramidal form from that point of view. 

2504. The beauty of the proportions of architecture in the interiors of buildings is 

dependent on those which govern the exteriors. Much has been said on proportions of 
rooms, which, hereafter, we shall have to notice : we mean the proportions of their length 
to their breadth and height. That these are important, we cannot deny ; but whether the 
beauty of a room is altogether dependent on the due adjustment of these, we have some 
doubts ; that is, under certain limits. We here address ourselves more particularly to that 
fitness which, in ornamenting a ceiling, for example, requires that the beams which appear 
below the gener^ surfece should invariably fell over piers, and that in this respect cor- 
re^onding sid^ should be uniform. In the study of this point, Inigo Jones is the great 
F. y * gli-Qh mastCT who has left the student the most valuable examples of this branch of 
the art. ^ 

2505. It may, perhaps, be useful to observe generally that the bare proportions of the 
intcsdors of apartments depend on the purposes for which they are intended, and according 
to these we seek immediately for the expression of their fitness. This point, therefore, 
involves on the part of the architect so general an acquaintance with the most refined 
habits of his employers, that we should be almost inclined to agree with Vitruvius on the 
multifarious qualifications necessary to constitute a good one. Certain k is that no 
instructions he can receive for building a mansion will qualify him without an intimate 
acquaintance with the habits of the upper classes of society, 

2506. We have already stated that it is hopeless to arrive at a fixed standard of taste. 
That considered worthy of the appellation will not be so considered in another. “ The 
sable Africans,” says Knight, quoting from Mungo Park, « view with pity and contempt 
the marked dfibrmity of the Europeans, whose mouths are compressed, their noses pinched, 
their ebeek.^* shrunk, their hair rendered lank and flimsy, their bodies lengthened and 

and their skins unnaturally -bleached by shade and seclusion, and the baneful 
influence (rf a humid climate.** In the countries of Europe, where some similarity of taste 
may be cxi>ected, the tyranny of feshion, no less than that of h^it and circumstance, has, 
amd alwi^ will have, its influence on the arts. Within the short space of even a few 
numtiis we have seen what is called the renetissance style of architecture imported frrom 
France, tewing into its vortex all classes of persons, many of them among the higher 
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ranks, possessed of education to have patronised better taste ; and in architecture, and some 
other arts, no one solves the question of what is really right by saying that there have been 
errors in the tastes of different ages. 

2507. The specimens of Greek sculpture, whose beauty is founded in nature herself, 
will throughout all time excite the admiration of the world; because in this case, the 
standard or type being nature, mankind generally may be supposed to be competent judges 
of the productions of the art. But it is very different in architecture, whose types in 
every style are, as respects their origin, uncertain ; and when we are asked whether there 
be a real and permanent principle of beauty in the art, though we must immediately reply 
in the affirmative, we are at the same time constrained to refer it to the quality of fitness. 
If this were not the case, how could we extend our admiration to the various styles of 
Egyptian, Grecian, Roman, Gothic, and Italian architecture? These at first appear, com- 
pared with each other, so dissimilar, that it seems impossible to assign beauty to one without 
denying it to the rest. But on examination each will be found so fitted to its end, that 
such cause alone will be found to be the principal source of the pleasure that an educated 
mind receives from each style ; and that thence it arises, rather than from any certain or 
definable combinations of forms, I'mes, or colours that are in themselves gratifying to the 
mind or agreeable to the organs of sensation. If this be true, what becomes of the doctrine 
of the German assthetical school, so vaunted of by self-constituted critics and reviewers, 
who pass their judgment ex cathedra on works they have never seen, and, strange to say, 
are tolerated for a moment by the public? The truth is, the public rarely give themselves 
the trouble to judge ; and unless led, which is easily done by the few, do not undertake the 
trouble of judging for themselves. That the Egyptian pyramid, the Grecian and the 
Roman temple, the early Christian basilica, the Gothic cathedral, the Florentine palace, 
the Saracenic mosque, the pagoda of the East, are all beautiful objects, we apprehend none 
will dispute ; but there is in none of them a common form or standard by which we can 
judge of their beauty : the only standard on which we can fall back is the great fitness of 
them, under their several circumstances, for the end proposed in their erection. 

2508. We are thus unavoidably driven to the conclusion that beauty in its application 
to architecture changes the meaning of the word with every change of its application ; for 
those forms which in one style are strictly beautiful on account of their fitness, applied to 
another become disgusting and absurd. By way of illustrating this, let us only picture to 
ourselves a frieze of Grecian triglyphs separating the nave and clerestory of a Gothic 
cathedral. From what we base been taught to consider the type of the Doric frieze con- 
nected with its triglyphs an idea of fitness immediately arises in the mind ; but we cannot 
trace its fitness in a dissimilar situation, neither can we comment on such an incongruity 
better than in the oft-quoted lines of Horace : — * 

“ Humano capiti cervicom pictor equinam 
Jungere si velit, et varias iodiicere plnmas 
Undique collatis merabris, ut turpiter atrum 
Desinet in piscem mulier formosa supem^ ; 

Spectatum admissi risum teneatis amici ? ” 

The influence of circumstances in every age has imparted to each style of architecture its 
peculiar beauty and interest ; and until some extraordinary convulsion in society give the 
impetus to a new one, we are constrained to follow systems which deprive us of other 
noveltv than those of changes wliich are within the spirit of the universally established 
laws of the art. Turn to the Gothic churches of the present day, — the little pets of the 
church commissioners and clergy. What objects of ineffable contempt the best of them 
are ! The fact is, the religious circumstances of the country have so changed that they are 
wholly unsuitable in style to the Protestant worship. Had, with the scanty means afforded 
to the architects, such a model as St. Paul’s, Covent Garden, been adopted, we might have 
seen a number of edifices in the country, though 

“ Facies non omnibus una 
Nec diversa tanieo,” 

that might have been an honour to the age in which we live, and suitable to the circum- 
stances of the times. 

2509. Unity and harmony in a work necessarily enter into that which is beautiful ; and 
it will not therefore require any argument to show that from a mixture of styles in any 
building incongruity and unfitness, and consequently a want of unity and harmony, must 
be the result. Hence we cannot agree with those wise reviewers who advocate the pos- 
sibility of amalgamating the arch with the severe Grecian style. We leave them to their 
dreams, and trust that before we give them credence we may have some proof of their 
practical power in this respect. 

2510. Symmetry is that quality which, as its name imports, from one part of an assem- 
blage of parts enables us to arrive at a knowledge of the whole. It is a subordinate, but 
nevertheless a necessary, ingredient in beauty. It is nece^ary that parts performing the 
same office in a building should be strictly similar, or they would not ex vi termini be 
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symmetrical ; so, when relations are strictly established between certain parts, making one 
the measure of another, a disregard of the symmetry thus induced cannot fail of destroying 
beauty. But here again we have to say, that for want of attention to the similarity of the 
parts, or neglect of the established relations on which the whole is founded, they have lost 
their symmetry, and have thus become unfit for their purpose ; so that thus again we return 
to fitness as the main foundation of beauty. 

2511. Colour abstractedly considered has little to do with architectural beauty, which is 
founded, as is sculpture, on fine form. We are here speaking generally, and are not inclined 
to assert that the colour of a building in a landscape is unimportant to the general effect of 
that landscape, or that the colours used on the walls of the interior of a building are 
unessential considerations ; but we do not hesitate to say that they are of minor consequence 
in relation to our art. We believe it would be difficult to paint (we mean not in the 
sense of the artist) the interior of the banqueting room at Whitehall, were it restored to 
its original destination, and divested of the ruinous accessories which from its original pur- 
pose have turned it from a banqueting room into a chapel, — we believe, we say, that it would 
be difficult to paint it so as to destroy its internal beauty. But as we intend to be short 
under this head, we shall quote a brochure touching on this subject published by us in 1837. 

2512. One of the beauties tending to give effect to the edifices of Greece has been, on 
the testimony of almost all travellers, the colour of the materials whereof they are com- 
posed. Dr. Clarke observes that a warm ochreous tint is diffused over all the buildings of 
the Acropolis, which Ac says is peculiar to the ruins of Athens. “ Perhaps,” says the 
author. “ to this warm colour, so remarkably characterising the remains of ancient buildings 
at Athens, Plutarch alluded” (/« Vita Periclis) “in that beautiful passage cited by 
Chandler, where he affirmed that the structures of Perides possessed a peculiar and un- 
paralleled excellence of character i a certain freshness bloomed upon them and preserved their 
faces uninjured^ as if they possessed a never-fading spirit^ and had a soul insensible to age." It 
is singular that recent discoveries have incontestably proved that this species of beauty at 
all events did not originally exist in them, inasmuch as it is now clearly ascertained that it 
was the practice of the Greeks to paint the whole of the inside and outside of their temples 
in party colours. It had been some time known that they were in the habit of painting 
and picking out the ornaments on particular parts of their buildings ; but M. Schaubert, 
the architect of the King of Greece, found on examination that this fell far short of the ex- 
tent to which this species of painting was carried, and M. Semper, another German archi- 
tect, has fully corroborated the fact in his examination of the Temple of Theseus. The 
practice was doubtless imported into Greece from Egypt, and was not to be easily aban- 
doned, seeing the difficulty of falling away from the habits of a people whence it seems 
certain the arts of Greece more immediately came. It is by no means uncommon for a 
person to be fully alive to all the beauties of form, without at the same time having a 
due feeling or perception of the beauty resulting from harmony in colouring. It is 
therefore not to be assumed that the Greeks, though given to a practice which we would 
now discourage, possessed not that taste in other respects which has worthily received 
the admiration of posterity. The practice of painting the inside and outside of buildings 
has received the name of polychromatic architecture, and we shall here leave it to the 
consideration of the student as a curious and interesting circumstance, but certainly with- 
out a belief that it could add a charm to the stupendous simplicity and beauty of such 
a building as the Parthenon. 

2513. After all that we have said of fitness, it will be expected that in decoration it shall 
form a principal ingredient. By the term decoration we understand the combination of 
objects and ornaments that the necessity of variety introduces under various forms, to 
embellish, to enrich, and to explain the subjects whereon they are employed. The art of 
decoration, so as to add to the beauty of an object, is, in other words, that of carrying out 
the emotions already produced by the general form and parts of the object itself. By its 
means the several relations of the whole and the parts to each other are increased by new 
combinations ; new images are presented to the mind whose effect is variety, one great 
source of pleasure. From these observations two general rules may be deduced in respect 
of decoration. Firsts that it must actually be or seem to be necessary. Second, that 
siwh objects must be employed in it as have relation to the end of the general object of 
the design. We are not to suppose that all parts of a work are susceptible of ornament. 
Taste must be our guide in ascertaining where decoration is wanted, as well as the quantity 
requisite. The absence of it altogether is in many cases a mode of decoration. As in 
language its richness and the luxuriance of images do not suit all subjects, and simplicity 
in such cases is the best dress, so in the arts of design many subjects would be rather 
impoverished than enriched by decoration. We must therefore take into consideration the 
character of the building to be decorated, and then only apply such ornament as is neces- 
sary and suitable to that character. We may judge of its necessity if the absence of it 
causes a dissatisfaction from the void space left ; of its suitableness, by its developing the 
ehwacter. History lias recorded the contempt with which that decorator was treated who 
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ornamented the senate house with statues of wrestlers, and the gymnasium with statues of 
senators. 

2514. By some the art of architecture itself has been considered nothing more than 
that of decorating the buildings which protection from the elements induces us. to raise. 

2515. The objects which architecture admits for decoration result from the desire of 
producing^ variety, analogy^ and allegory. We here follow Quatremere de Quincy. ( Encyc. 
Method.) The first seems more general than the others, as being common among all 
nations that practise building. It is from this source we have such a multitude of cut- 
work, embroidery, details, compartments, and colours, more or less minute, which are 
found in every species of architecture. It would be useless for the most philosophical 
mind to seek for the origin of these objects in any want arising out of the mere construc- 
tion, or in any political or superstitious custom. Systems of conjecture might be exhausted 
without arriving one point nearer the truth. Even in the most systematic of the different 
kinds of architecture, namely, that.ofthe Greeks, we cannot avoid perceiving a great number 
of forms and details whose origin is derived from the love of variety, and that alone. In a 
certain point of view, thus considered, an edifice is nothing more than a piece of furniture, 
a vase, an utensil, the ornaments on which are placed more for the purpose of pleasing the 
eye than any other. Such, for instance, are the roses of caissons in ceilings and sohtes, the 
leaves round the bell of the Corinthian capital, the Ionic volutes, and many others, besides 
universally the carving of mouldings themselves. These ornaments, drawn from the store- 
house of nature, are on that account in themselves beautiful ; but it is their transference to 
architecture, which in the nature of things can have but a problematical and conjectural 
origin, that seems to indicate a desire to vary the surface. Unless it was the desire of 
variety that induced them, we know not what could have done so. 

2516. It has been well observed by the author we have just quoted, that though the art 
has been obliged to acknowledge that many of its decorations depend in their application 
on such forms as necessity imposes, and in the formation of them on chance, caprice, or 
whatever the love of variety may dictate, yet in the disposition of them there must reign 
an order and arrangement subordinate to that caprice, and that at this point commences 
the difference between architecture as an art subservient to laws which are merely de- 
pendent on the pleasure imparted to the eye, and those which depend on the mere me- 
chanical disposition of the building considered as a piece of furniture. Architecture, of all 
the arts, is that which produces the fewest emotions of the minds of the many, because it 
is the least comprehensible in regard to the causes of its beauty. Its images act indirectly 
on our senses, and the impressions it seems to make appear reducible chieSy to magnitude, 
harmony, and variety, which after all are not qualities out of the reach of an architect of 
the most ordinary mind, and therefore not — at least the first and last — unattainable 
where economy does not interfere to prevent the result to be attained. 

2517. Analogy, the second of the objects by which decoration is admitted into archi- 
tecture, seems to be resultant from the limited nature of all human inventions in the arts, 
and the power of being unable to invent except by imitation and alteration of the forms of 
objects pre-existent. It is most difficult to discard altogether what have been considered 
types in architecture, and that difficulty has so prevailed as to limit those types to their 
most probable origin in the case of the orders. 

2518. The reader will begin to perceive that our analogy in decoration tends upon trees 
for columns, the ends of beams for triglyphs, and the like. Whatever truth there may be 
in this analogy, it is now so established as to guide the rules of decoration that are in- 
volved in it ; and it must be conceded, that if we are desirous of imitating the peculiar art 
of any country, we have no hope of success but by following the forms which the con- 
struction in such country engenders ; and we must admit that, as far as external circum- 
stances can direct us, the architecture of Greece, which, modified, has become that of the 
whole of Europe, and will become tliat of America, seems so founded on the nature of 
things, that, however we may doubt, it would not be prudent to lead the reader away from 
the consideration, and perhaps from a belief, that such is the truth. Without holding 
ourselves bound by the analogy of the types of the tree and the cross beam, which appear 
to have guided the architects of Greece, we can without hesitation assert, that whenever 
those have been abandoned the art has fallen on the most flagrant vices ; witness the 
horrors of the school of Borromini, where the beams are broken, pediments, which are the 
gables of roofs, are broken into fantastic forms, and none of the parts seem naturally con- 
nected with each other. The works of the school in question seem indeed so broken up, 
that the study of them would almost convince an impartial and competent judge that the 
converse of its practice is sufficiently beautiful to establish the truth of the types whereon 
we have here and before expressed our scepticism. “Sitot,” says De Quincy, “que le genie 
decorateur s’est cru libre des entraves de I’analogie, toutes les formes caracteristiques se 
sont contournees, pervcrtet'S, et denaturecs, au point qu’il y a entr’elles et celle de la bonne 
architecture, plus de distance qu’entre celles*ci et les types de la primitive construction.” 

2519. In the decoration of architecture, neither of the other two means employed are 
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more important than that ocular language which architecture occasionally employs in its 
ornaments. By its use architecture is almost converted into painting, and an edifice be- 
comes a picture, or a collection of pictures, through the aid of the sculptor. We shall 
refer to no pther building than the Parthenon to prove the assertion. Here the history of 
the goddess is embodied in the forms of the building, and to the decoration thus intro- 
duced the subordinate parts of the sculpture, if it be not heresy so to call them, is kept so 
under that we are almost inclined to cry out against their not having been principals in- 
stead of accessories. This is the true principle upon which buildings should be decorated 
to impress the mind of the spectator with the notion of beauty, and the principle which, 
carried out, no matter what the style be, will insure the architect his most ample reward, 
reputation. The matter that is supplied by allegory for decoration in architecture may be 
considered under three heads — attributes^ JigureSy paintings. 

2520. The first takes in all those foliages, plants, flowers, and fruits, which from their 
constant use in sacrifices were at last transferred from the altar to the walls of the temple. 
The garlands, festooiK, chaplets, and crowns which we find sculptured on temples seem to 
have had their origin from the religious ceremonies performed in them ; as do the instru- 
ments of sacrifice, vases, the heads of the victims, paterae, and all the other objects em- 
ployed in the worship of the ancients. Thus, in architecture, these have become conven- 
tional signs, indicating the destination of the buildings to which they are applied. From 
the particular application of some ornaments on temples we derive in the end a language 
in the arts of imitation. It was thus that the eagle grasping in his talons the attribute of 
Jupiter, came to represent eternity and omnipotence ; the myrtle and dove of Venus, the 
passion of love ; the lyre and laurel of Apollo, to point to harmony and glory ; the spear 
and helmet of Mars, to represent war. Palms and crowns became the emblems of victory, 
as did the olive the emblem of peace. In the same way the ears of corn of Ceres, the 
serpent of Esculapius, the bird of Minerva, and the cock of Mercury were equivalent to 
the expression of abundance, science, and vigilance. Instruments of the arts, sciences, in 
short, ^1 objects useful to the end for which an edifice is erected, naturally become signs of 
that edifice; but applied otherwise become absurd. What, for instance, could be more 
ridiculous than placing ox sculls and festoons on the frieze of a Protestant church ? — and 
yet this has been done in our own days. 

2521. Figures of men and animals come under the second head. The application of 
these may be seen to their highest perfection in the Partlienon, to which we have already 
alluded. They may be introduced in low, high, or full relief. In the last case their 
situation is usually that of a niche. We shall say no more on the subject of figures than 
that of course they must have relation to the end for which the edifice is erected, and if 
not in that respect perfectly intelligible are worse than useless. 

2522. The walls of Pompeii furnish ancient examples of the decoration obtained by the 
aid of painting, as do the loggie of the Vatican and the ceilings of the Farnesina modern 
examples of it. Herein the moderns have far surpassed anything we know of the ancient 
application of painting. Sculpture, however, seems more naturally allied to architecture 
than painting, and, except in purely decorative painting on walls and ceilings, the intro- 
duction of it seems bounded within narrow limits. The rules as to fitness of the subjects 
introduced, applicable to the first two heads, are equally so under that of painting. 


Sect, II. 

THE ORDERS. 

2523. An order in architecture is a certain assemblage of parts suoject to uniform esta- 
blished proportions, regulated by the office that each part has to perform. It may be 
compared to what organisation is in animal nature. As from the paw of a lion his dimen- 
sions may be deduced, so from a triglyph may be found the other parts of an example of 
the Doric order, and from given parts in other orders the whole configuration may be 
found. As the genus may be defined as consisting of essential and subservient parts, the 
first-named are the column and its entablature, which, as its name imports, is as it were 
the tabled work standing on the ccdumn. The subservient parts are the mouldings and 
detail into which the essential parts are subdivided, and which we shall hereafter separately 
consider. The species of orders are five in number, Tuscan, Doric, Ionic, Corinthian, and 
Composite, each of whose mass and ornaments are suited to its character and the ex- 
pression it is intended to possess. These are the five orders of architecture, in the proper 
understanding and application whereof is laid the foundation of architecture as an art. 
The characters of strength, grace, and elegance, of lightness and of richness, are dis- 
tinguishing features of the several orders, in which those characters ought to be found 
not only in the column employed, but should pervade the whole composition, whereof the 
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e<duimi as it were, the r^ulator* The mode of setting up, or, as it. is technically 
termed, profiling an order, will be given in a subsequent part of this section. Here we 
shall merely observe that the entablature is subdivided into an architrave, which lies 
imnn^iately upon the column, a frieze lying on the architrave, and a comice, which is its 
uppermost subdivision. The height of these subdivisions together, that is, the whole 
height of the entablature, is one fourth that of the column according to the practice of the 
ancients, who in all sorts of entablatures seldom varied firom that measure either in excess 
or defect. Palladio, Scamozzi, Alberti, Barbaro, Cataneo, Delorme, and others,” says 
Sir William Chambers, “ of the modern architects, have made their entablatiires much 
lower in the Ionic, Composite, and Corinthian orders than in the Tuscan or Doric. This, 
on some occasions, may not only be excusable but higldy proper ; particularly where the 
intercolunmiations are wide, as in a second or third order, in private houses, or inside 
decorations, where lightness should be preferred to dignity, and where expense, with every 
impedimrat to the conveniency of the fabric, are carefully to be avoided ; but to set 
entirely aside a proportion which seems to have had the general approbation of the 
ancient artists is surely presuming too far. ” 

2524. As rules in the fine arts which have obtained almost universal adoption are 
founded on nature or on reason, we may be pretty certain that they are not altogether 
empirical, albeit their origin may not be immediately apparent. The grounds on which 
snch rules are founded will, however, in most cases become known by tracing them to 
first principles, which we shall here endeavour to do in respect of this very important 
relation of height between the column and its entablature. We were first led into this 
investigation by the perusal of a work by M. Lebrun, entitled Thearie de V Architecture 
Grecque et Bomaine deduite de tanalyse des Monumens antiquesy fol. Paris, 1807 ; but our 
results differ very widely from those of Lebrun, as will be seen on reference to that work. 

2525. One of the most obvious principles of proportion in respect of loads and supports, 
and one seemingly founded on nature herself, is, that a support should not be loaded with 
a greater mass or load than itself; or, in other words, that there should be an equality 
between weights and supports, or, in the case in point, between the columns and en> 
tablature. In. respect of the proportion of the voids below the entablature i>etween the 
columns or supports, a great diversity of practice seems to have prevailed, inasmuch as 
we find them varying from 1 03 to 2*18, unity being the measure of the supports. Lebrun 
makes the areas of the supports, weights, and voids equal to one another, and in what 
may be termed the monumental examples of the Doric order, such as the Parthenon, Ac., 
he seems borne out in the law he endeavours to establish ; but in lighter examples, such 
as the temple (Ionic) of Bacchus at Teos, where the supports are to the voids as I : 205, 
and in the temple of Minerva Polias, where the ratio is as 1 : 2*1 8, be is beyond all 
question incorrect : indeed there hardly seems a necessity for the limitation of the voids 
he prescribes, seeing that, without relation separately to the weight and support, sta> 
bility would be obtained so long as the centre of gravity of the load fell within the ex- 
ternal face of the support. If it be admitted that, as in the two examples above men- 
tioned, the voids should be equal to the supports jointly, we have a key to the rule, and 
instead of being surprised at the apparently strange law of making the entablature one 
fourth of the height of the column, we shall find that no other than the result assumed 
can flow from the investigation. 

2526. In fig. 861. let AB be the height of the column, and let the distance between the 
columns be one third of the height of the column = CD. Now if 
AB be subdivided into four equal parts at a, 5, and c, and the hori- 
zontal lines ady be, and cf be drawn ; also, if CD be divided hori- 
zontally into four equal parts, and lines be drawn perpendicularly 
upwards intersecting the former ones, the void will be divided into 
^xteen equal paraHelograms, one half whereof are to be the measure 
of the two whole supports BC and DE ; and DE being then made 
equal to one half of CD, it will be manifest, from inspection, that 
the two semi-supports will jointly be equal to eight of the parallelo- 
grams above mentioned, or one half of the void. We have now to 
place the entablature or weight A GUI upon the supports or co- 
lumns, and equal to them in mass. Set up from A to F another 
row of parallelograms, each equal to those above mentioned, shown 
on the figure by AFKI. These will not be equdl to the supports 
by two whole parallelograms, being in number only six instead of 
eight ; dividing, therefore, 8, the number in the supports, by 6, the 
number already obtained, we have 1*333, &c., which is the height 
to be assigned to AG, so that the weight may exactly equal the 
supports, thus exceeding one quarter of the height of the support (or column) by of 
such quarter, a coincidence sufficient to corroborate the reason on which the law is 
founds. 
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2527. From an inspection of the 861, 862, 863, it appe^ that when the void is one 
third the height of the supports in width, the supports will 
be 6 diameters in height ; when one fourth of their height, 
they will be 8 diameters high ; also that the intercolumni- 
ation, called systylos or of two diameters, is constant by the 
arrangement When the surface of the columns, as they 
appear to the eye, is equal to that of the entablature, and 
tiSe voids are equal to the sum of those surfaces, the height 
of the entablature will always be one third of that of the 
columns. Thus, let the diameter of the columns be=l, 
their height=A, their number=n. Tlien the surface of 
the columns is nA; that of the entablature the same. As 
the sur&ce of the voids is double that of the columns, the 
width of the intercolumniations is double the width of the 
columns, that is, 2n diameters, which, added to the n dia- 
meters of the columns, gives 3» diameters for length of the 
entablature ; therefore, the surface of this entablature is 
nA, and its length being 3n, its height must ^ = j exactly. 

2528. Trying the principle in another manner, let Jiff. 864. be the general form of a 
tetrastyle temple wherein the columns are assumed at pleasure 8 diameters in height. 
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Then 4 x 8=32 the areas of the supports; and as to fulfil the conditions the three voids 
are equal to twice that area, or 64, they must consequently be in the aggregate equal to 8 
diameters, for ^ = 8, and the whole extent will therefore be equal to 12 diameters of a 
support or column. To obtain the height of the entablature so that its mass may equal 
that of the supports, as the measures are in diameters, we have only to divide 32, tho 
columns, by 12, the whole extent of the facade, and we obtain two diameters and two 
thirds of a diameter for the height of the entablature, making it a little more than one 
quarter of the height of the column, and again nearly agreeing in terms of the diameter 
with many of the finest examples of antiquity. If a pediment be added, it is evident, the 
dotted lines AC, CB being bisected in a and b respectively, that the triangles AEo, AFB 
are respectively equal to CDa and DAC, and the loading or weight will not be changed. 

2529. SimUar results will be observed in fig. 865., where the height is ten diameters, the 
Dumber of columns 6, the whole therefore 180, the supports being 60. Here fg — 
diameters will be the height of the entablature. This view of the law is further borne out 
by an analysis of the rules laid down by Vitruvius, book iii. chap. 2, ; — rules which did 
not emanate from that author, but were the result of the practice of the time wherein he 
lived, and, within small fractions, strongly corroborative of the soundness of the hypothesis 
of the voids being equal to twice the supports. Speaking of the five species of temples, 
after specifying the different intercolumniations, and recommending the eustylos as the 
most beautiful, he thus directs the formation of temples with that interval between the 
columns. ^ The rule for designing them is as follows : — The extent of the front being 
given, it is, if tetrastylos, to be divided into 11| parts, not including the projections of 
the base and plinth at each end; if hexastylos, into IS parts; if octastylos, into 24| 
parts. One of either of these parts, according to the case, whether tetrastylos, hexa- 
stylos, or octastylos, will be a measure equal to the diameter of one of the columns. ” . . . . 
“ Tlie hdghts of the columns will be 8J parts. Thus the intercolumniations and the 
heights of the columns wiU have proper proportion.” In the same chapter he gives 
directions for setting out arseostyle, diastyle, and systyle temples, which directions it is 
not here necessary to investigate, and our limits do not indeed permit us so to do. We 
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will therefore now examine the directions quoted. The tetrastylos is llj parts wide 
and 8| high; the area thererore of the whole front becomes 1 IJ x 8^ =s: 97J. The four 
columns are 4x8j^34, or a very little more than one third of the whole area; the 
remaining two thirds, speaking in roimd numbers, being given to the intercolumns or 
voids. 

2530. The hexastylos (see jig* 865.) is 18 parts long and 8| high ; the whole area there* 
fore is 18x8^=153. Ihe six columns will be 6x8^ ^51, or exactly one third of the* 
whole area ; the voids or intercolumns occupying the remaining two thirds. 

2531. The octastylos is 24^ parts in extent and 8^ in height. Then 24^x8j = 208^. 
The eight columns will be 8 x 8^ =68, being a trifle less than one third of the area, and the 
voids or intercolumns about double, or the remaining two thirds. 


The average of the intercolumns in the fii^t case will be 
In the second case . . . • 

In the third case . _ - . 


1 ] i ^4 

— ^ — —2^ diameters. 
18-6 

— ^ ^ 2j diameters. 

= diameters. 


A discrepance between practice and theory, unless extremely wide, must not be allowed to 
interfere with principles, and we have therefore no hesitation in candidly submitting a synop- 
tical view of some of the most celebrated examples of antiquity in which a comparison is 
exhibited between the voids and supports ; certain it is that in every case the former exceed 
the latter, and that in the earlier examples of Doric, the ratio between them nearly ap- 
proached equality. In comparing, however, the supports with the weights, there is every 
appearance of that part of the theory being strictly true; for in taking a mean of the six 
examples of the Doric order, the supports are to the weights as 1 : 1*16; in the five of 
the Ionic order as ] : 1 *05 ; and in the four of the Corinthian order as 1 : 1 ’04 , a coin- 
cidence so remarkable, that it must be attributed to something more than accident, and 
deserves much more extended consideration than it has hitherto received. 


Bnuldiog. 

Older. 

Number 

of 

Columns. 

Supports. 

Weights. 

Voids. 

Temple of Jupiter Nemeus • 


Doric 

6 

1*00 

0*79 

1*03 

Parthenon . - - 



8 

100 

1*07 

1*04 

Temple at Bassse 



6 

1*00 

1*14 

M6 

Temple of Minerva at Sanium 


— 

6 

1*00 

1*40 

M7 

Temple of Theseus at Athens 



6 

1*00 

113 

1*21 

Temple of Jupiter Panhellenius 


— > 

6 

1*00 

1*45 

1*36 

Temple of Erectheus - 


Ionic 

6 

1-00 

0*89 

1*24 

Temple of Fortuna Virilis at Rome 


— 

4 

TOO 

1*1.5 

1*71 

Temple on the Ilyssus 


— 

4 

100 

0*96 

1*72 

Temple of Bacchus at Teos • 



8 

100 

1*35 

2*05 

Temple of Minerva Polias, Athens 

- 

_ 

4 

1*00 

1*01 

2*18 

Portico of Septimius Severus - 

. 

Corinthian 

6 

1*00 

0*93 

1*37 

Maison Carrie at Niames 

- 

— 

6 

voo 

0*93 

1*58 

Temple at Jackly 

- 

— 

6 

100 

0*90 

1*62 

Pantheon Rome 

• 

— 

8 

100 

1*43 

1*84 


If instead of taking the apparent bulk of a column, that is, as a square pier, we take its real bulk, which is 
about three quarters (|) that of a square pier of the same diameter and height ; 
the height of the entablature will be one fourth of the height of the column; 

for f of 

There is a curious fact connected with the hypothesis which has been sug- 
gested that requires notice; it is relative to the area of the points of support 
for the edifice which the arrangement affords. In Jjg. 866. the bached squares 
represent the plans of quarter piers of columns in a senes of intercolum- 
niations every way, such intercolumniations being of two diameters, or four 
semidiametere. These, added to the quarter piers, make six semidiameters, 
whose square 36 is therefore the area to be covered with the weight. The 
four quarter piers or columns=4, hence the points of support are ^ of the area 

s=0*lU. Now in the hst(I583.) of T 

ratio is 0*168, differing only 0*057 : 
the following buildings, the mean 

Temple of Peace - 0*127 

S. Paolo fuori le Mur^ 0 118 
S. Sabino - - O’lOO 0 474 

S. Filippo Neri . - 0*129 Sam = 0'474. Mean ^ =0*118. 

IIOULDINGS. 

2532. The subservient parts of an order, called mouldings, and common to all the orders, 
are eight in number. They are — 1. The orofo, echtnuSy or quarter round, (_Fig. 867.) It is 
tbrmed by a quadrant, or sometimes more of a circle, but in Grecian examples its section 
is obtained by portions of an ellipse or some other conic section, xiiis latter observation is 
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applicable to aH mouldings of Greek examples, and we shall not repeat it in enumerating 
the rest criT them. It is commonly found under the abacus of capitals. The ovolo is also 
dmost always placed between the corona and dentils in the Corinthian comice : its form 
gives it die appearuice of seeming fitted to support another member. It should be us^ 
only in atnaticms above the level of the eye. 2. The toZon, o^ee, or reversed eyma 
d68.) seems also, like the ovolo, a moulding fit for the support of another. 3. The 
cyaio, cgma re/ttOf or egmativm (i^. 869.) seems well contrived for a covering and to shelter 
other members. Hie cyma recta is only used properly for crowning members, though in 
Palladio's Doric, and In other examples, it is found occasionally in the bed mouldings 
under the corona. 4. The torus {Jig, $70.), like the astragal presently to be mentioned, 
is shaped like a rope, and seems intended to bind and strengthen the parts to which it 

\ is applied; while, 5. The scoria or ri’ocAtZos 871.), placed between the fillets which 

always accompany the tori, is usually below the eye ; its use being to separate the tori, and 
to cmitrast and strengthen the effect of other mouldings as well as to impart variety to the 
profile of the base. 6. The cavetto, mouthy or koliow {Jig, 872.) is chiefly used as a crown- 
ing moulding, like the cyma recta. In bases and capitals it is never used. By workmen 
it is frequently called a casement. 7. The astragal {Jig. 873.) is nothing more than a small 
torus, and, like it, seems applied for the purpose of binding and strengthening. The astra^d 
is also known by the names of bead and baguette. 8. The Jillet, lisfel, or annulet {Jig. 874. ) 
is used at all heights and in all situations. Its chief office is the separation of curved 
mouldings from one another. 

2533. Sir William Chambers observes on these different mouldings that their inventors 
meuit to express something by their different figures, and that the destinations above men- 
tioned ** may be deduced not only from their figures, but from the practice of the ancients 
in their mo^ esteemed works ; for if we examine the Pantheon, the three columns in the 
Campo Yaccino, the temple of Jupiter Tonans, the fragments of the frontispiece of Nero, 
^e barilica of Antomnus, the forum of Nerva, the arches of Titus.and Septimius Severus, 
Uie theatre of Marcellus, mid indeed almost every ancient building, either at Rome or in 
other |mrts oS Italy and France, it will be found that in all their profiles the cyma 
cavetto are constantly used as fintshings, and never applied where strength is required. 

' the ovolo and t^on are always employed as supporters to the essential members of 

the composition, such as the motions, dentils, and corona ; that the chief use of the 
torus and astragal is to fortify the tops and bottoms of columns, and sometimes of pe- 
destals and that the scoria is employed only to s^arate the members of bases, for 

whirii purpose the fillet is likewise used not only in bases but in all kinds of profiles.” It 
is the fitness of these forms for their ends in their several situations that gives them a 
posirive and natural beauty, which is immediately destroyed by their change of position, as 
primary forms of architecture ; and the author just quoted well observes, « that Palladio 
erred in emplopng the cavetto under the corona in three of his orders, and in making such 
frequmit use through all his profiles of the cyma as a supporting member. Nor has 
Vigndla been more judicious in finishing his Tu^an cornice with an ovolo ; a moulding 
exterindy im prc q >«r finr the purpose, and productive oS a very dmgre^ble effect ; for it 
^ves a mutilated air to the whole profile, so much the more striking, as it resembles ex- 
acriiy ribat hidf tiie Ionic cmmice wbidx is under toe corona.” 

2534. The aanEqdest method of desi^bing the ccmtours of mouldings is to form them of 
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quadrants of circles. Those of the ovolo, talon, cyma, and cavetto being equal to their 
beigl^t, and those of the curve parts of the torus, and astragal equal to half their height. 
Circumstances, however, often justify a variation from the rule ; and if that be the case, the 
ovolo, talon, cyma, and cavetto may be either described from the summits of equilateral 
triangles or be composed of portions of the ellipsis, which latter was almost constantly 
used !)y the Greeks. By means of it also the scotia may be produced, as well as by 
quadrants of circles ; but the curved part of the torus and astrag^ is always semicircular 
in form, and if more projection is wanted it is obtained by the use of straight lines. 

ORNAMENTS OF MOULDINGS. 

2535. In ornamenting the profile of an order, repose requires that some mouldings should 
be left plain. If all were enriched, confusion instead of variety would result. Except for 
particular purposes, the square members are rarely carved, 'fhere are but few examples 
in the best age of the art in which the corona is cut ; indeed at this moment the only one 
that occurs to us wherein w'ork is in fine style is that of the three columns in the 
Campo Vaccino. So where the ovolo above and talon I)elow it are carved, the dentil 
band between them should be uncut. Scamozzi, in the third chapter of his sixth book, 
inculcates that ornaments should be neither profuse nor abundant, neither are •they to be 
too sparingly introduced. Thus they will be approved if applied with judgment and dis- 
cretion. Above all things, they are to be of the most beautiful forms and of the exactest 
proportions ; ornaments in buildings, being like the jewels used for the decoration of 
princes and princesses and persons of high rank, must be placed only in proper situations. 
Neither must variety in ornaments be carried to excess. We have to recollect that, being 
only accessories, they must not obtrude upon but be kept subordinate to the main object. 
Thus ornaments applied to mouldings should be simple, uniform, and combining not more 
than two distinct forms in the same enrichment; and when two forms are used on the same 
moulding they should be cut equally deep, so that an uninterrupted appearance may be 
preserved. Mouldings of the same form and size on one and the same profile should be 
similar ; and it is moreover a requisite of the greatest importance, so to distribute the 
centres of the ornaments employed that the centre of one may fall exactly over the centres 
of those below, of which the columns of the Campo Vaccino form an example for imitation 
in this respect. Nothing is more offensive than, for example, to see the middle of an egg 
placed over the edge of a dentil, and in another part of the same moulding to see them 
come right, centre over centre, and the like negligent and careless distribution. This may 
always be avoided by making the larger parts regulate the smaller. Thus where there are 
modillions they must be made to govern the smaller ornaments above and below them, and 
these smaller ones should always be subdivided with a view to centring with the larger 
parts. The larger parts are dependent on the axes of the columns and their inter- 
columniations ; but all these must be considered in profiling the order. It will of course 
be necessary to give the ornaments such forms as may be consistent with the character of 
the order they enrich. The enrichment of a frieze depends upon the destination of the 
building, and the ornaments may have relation to the rank, quality, and achievements of 
the proprietor. We do not agree with Chambers in condemning the introduction of arms, 
crests, and cyphers, as an unbecoming vanity in the master of the fabric. These may often 
be so introduced as to indicate the alliances of the family, and thus give a succinct history 
of its connections. In Gothic architecture we know the practice induced great beauty 
and variety. We have before observed, in Sect. I. of this Book (2520.), that the instru- 
ments and symbols of pagan worship are highly indecorous, not to .say ludicrous, on 
edifices devoted to the Christian religion. 

2536. In carving ornaments they must be cut into the solid, and not carved as if they 
were applied on the solid, because the latter practice alters their figure and proportion. In 
fact, every moulding should be first cut with its contour plain, and then carved, the most 
prominent part of the ornament being the actual surface of the moulding before carving, 
observing that all external and re-entering angles are kept plain, or have only simple leaves 
with the central filament expressed on or in the angle. In the circular temple of Tivoli 
the principle of cutting the ornament out of the solid is carried out so far, that the leaves, 
as usual in most examples of the Corinthian order, instead of being mere appliquees to the 
bell of the capital, are actually cut out of it. 

2537. The degree of relief which ornaments ought to have is dependent on their distance 
from the eye and the character of the composition : these matters will also regulate the 
degree of finish they ought to possess. 'Hiere are some mouldings whose profile is in- 
dicative of bearing weight, as the ovolo and talon, which by being deeply cut, though 
themselves heavy in character, are thereby susceptible of having great lightness imparted to 
them, whilst such as the cyma and cavetto should not be ornamented deep in the solid. The 
imitation from nature of the objects represented should be carefully observed, the result 
whereof will impart beauty and interest to the work on which such attention is bestowed. 
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CHARACTERS OE THE ORDERS. • 

2538. In the First Book of this work. Sect. XL (133, et seq ) we have considered the 
history of the five orders of architecture; we shall here offer some general observations 
upon them before proceeding to the detail of each separately. The orders and their several 
characters and qualities do not merely appear in the five species of columns into which they 
have been subdivided, but are distributed throughout the edifices to which they are applied, 
the column itself being the regulator of the whole composition. It is on this account the 
name of orders has been applied to the differently formed and ornamented supports, as 
columns, which have received the names of the Doric, Ionic, Corinthian, Tuscan, and 
Composite orders, whereof the three first are of Grecian origin, and the two last, it is sup- 
posed, of Italian or Roman origin. Each of these, by the nature of its proportions, and 
the character resulting from them, produces a leading quality, to which its dimensions, 
form, and ornaments correspond. But neither of the orders is so limited as to be confined 
within the expression of any single quality. Thus the strength indicated in the Doric order 
is capable ofbeing modified into many shades and degrees of that quality. We may satisfy 
ourselves of this in an instant by reference to the early compared with the later Doric 
column of^he Greeks. Thus the columns of the temple at Corinth are only four diameters 
high, while those of the portico of Philip are six and a half. 

2539. As the Doric seems the expression of strength, simplicity, and their various modes, 
so the Ionic, by the rise in height of its shaft and by the slenderness of its mass, as well 
as by the elegance of its capital, indicates a quality intermediate between the grave solidity 
of the Doric and the elegant delicacy of the Corinthian. Bounded on one side by strength, 
and by elegance on the other, in the two orders just named, the excess of elegance in the 
Corinthian order ends in luxury and richness, whereof the character is imprinted on it. 

2540. We cannot here refrain from giving, in the words of the excellent Sir Henry 
Wotton, a quaint and homely, but most admirable description of these five orders, from his 
Elements of Architecture. “ First, the Tuscan is a plain massive rural pillar, resembling 
some sturdy, well-limbed labourer, homely clad, in which kind of comparisons, Vitruvius 
himself seemeth to take pleasure.” ( Lib. iv. cap. 1 . ) . . . The T>on 9 «e orrfer is the gravest 
that hath been received into civil use, preserving, in comparison of those that follow, a more 
masculine aspect and little trimmer than the Tuscan tliat went before, save a sober garnish- 
ment now and then of lions' heads in the cornicey and of triglyphs and metopes always in the 
frize." . . . “ To discern him will be a piece rather of good heraldry then of architecturey 
for he is knowne by his place when he is in company, and by the peculiar ornament of hU 
frize, before mentioned, when he is alone.” . . . “ TTie Tonique order doth represent a kind 
of feminine slendernesse ; yet, saith Vitruvius, not like a light housewife, but, in a decent 
dressing, hath much of the matrone." , . . “ Best known by his trimmings, for the bodie 
of this edumne is perpetually chaneltdy like a thick-pleighted gowne. Tlie capitall dressed 
on each side, not much unlike women’s wires, in a spiral wreathing, which they call the 
Ionian vduta." . , . “ The Corinthian is a columne lasciviously decked like a courtezan, 
and therefore in much participating (as all inventions do) of the place where they were 
first born, Corinth having beene, without controversie, one of the wantonest towns in the 
world.” . . . “ In short, as plainness did characterise the Tuscatiy so, much delicacie and 
varietie the Corinthian pillar, besides the height of his rank.” . . . “ The last is the com- 
pounded order, his name being a briefe of his ttature : for this pillar is nothing in effect but 
a medlie, or an amasse of all the precedent ornaments, making a new kiude by stealth, and 
though the most richly tricked, yet the poorest in this, that he is a borrower of his beautie.” 
Each of the orders, says De Quincy, is, then, in the building to which it is applied, the 
governing principle of the forms, taste, and character of that system of moral order met 
with in Grecian architecture which alone seems to have suited the physical order of pro- 
portions with each part, so that what is agreeable, ornate, and rich is equally found in the 
whole as in the parts. 

2541. On the two Latin orders we do not think it necessary to say more than that they 
will be fully described in following pages. 'The invention of new orders must arise out of 
other expressions of those qualities which are already sufficiently well and beautifully 
expressed ; hence we consider, with De Quincy, to attempt such a thing would be vain. 
Chambers thus expresses himself on this subject, without the philosophy of De Quincy, 
yet with the feelings of a learned and experienced architect ; “ The ingenuity of man has, 
hitherto, not been able to produce a sixth order, though large premiums have been offered, 
and numerous attempts been made, by men of first-rate talents to accomplish it. Such is 
the fettered human imagination, such the scanty store of its ideas, that Doric, Ionic, and 
Corinthian have ever floated uppermost, and all that has ever been produced amounts to 
nothing more than different arrangements and combinations of their parts, with some 
trifling deviations, scarcely deserving notice ; the whole tending generally more to diminish 
than to increase the beauty of the ancient orders.” Again : “ The suppression of parts of 
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the ancient orders, with a view to produce novelty, has of late years been practised among 
us with full as little success ; and though it is not wished to restrain sallies of imagination, 
nor to discourage genius from attempting to invent, yet it is apprehended that attempts to 
alter the primary forms invented by the ancients, and established by tlie concurring appro- 
bation of many ages, must ever be attended with dangerous consequences, must always be 
difficult, and seldom, if ever, successful. It is like coining words, which, whatever may be 
their value, are at first but ill received, and must have the sanction of time to secure them 
a current reception.” 

2542. In the progress of the five orders, from the Tuscan up to the Composite, taking 
seven diameters for the height of the Tuscan column, and eleven for that of the Composite, 
if the entablature be taken of the same absolute height in all, and at the same time in 
height one quarter of that of the column, we shall have the height of the entablature in 
terms of the diameter of the column, as follows : — 


In the Tuscan order . 
In the Doric order 
In the Ionic order 
In the Corinthian order 
In the Composite order 


^ of ^ = 1? entablature diameters high. 
> of f =2 entablature diameters high. 
^ of ^ =2^ entablature diameters high. 
\ of ‘-y® = 2.1 entablature diameters high. 
^ of y = 2^ entablature diameters high. 


HEIGHT AND DIMIKL’TION OF COLUMNS. 

2543. Vitruvius tells us that the ancients were accustomed to assign to the Tuscan 
column seven of its diameters for the height ; to the Doric, eight ; to the Ionic, nine ; and 
to the Corinthian and Composite, ten. Scamozzi, the leader of the moderns, adopts 
similar proportions. But these are not to he considered as more than an approximation to 
the limits, nor as relating to the proportions between the heights and diameters of tlie 
ancient Doric examples, whereof in our First Book we have examined certain specimens. 
I'lus work cannot be extended to a representation of tlie variety under which the orders 
have appeared in their various examples of eacli order, llie works in which they are 
contained must be consulted for particulars of detail in this respect. Our intention is to 
give general information on the subject, and to follow, with few exceptions, in that respect, 
the precepts of Vignola, as tending to the most generally pleasing results, and as being 
also those which have been adopted on the Continent for general instruction in the art. 

2544. We have already spoken (2524, et seq.') of the general proportion of the height of 
the entablature to that of the column as one fourth, and, without returning to the discussion 
of the propriety of that proportion, will only here incidentally mention tliat Scamozzi, Bar- 
baro, Alberti, and Palladio have not assigned so great a height to their entablatures, chiefly, 
it appears, because they seemed to consider the slenderness of the columns in the more deli- 
cate orders unsuited to the reception of heavy burdens. If, however, the reader will bear in 
recollection what has been said at the beginning of this section relative to the supports and 
w eights, it will directly occur to him that the practice these great masters sanctioned is 
not founded upon just deductions. Chambers seems to have had a glimpse of this theory, 
but without any notion of its developement, when he says, It must be remembered that, 
though the height of an entablature in a delicate order is made the same as in a massive 
one, yet it will not, either in reality or in apjiearance, be equally heavy, for the quantity of 
matter in the Corinthian cornice A (Jiff. 875.) is considerably less than in the Tuscan 
cornice B, and the increased number of parts composing the former of these will of course 
make it appear far lighter than the latter.” He was, however, nearer the exact truth 
where he speaks in a previous passage of the possibility of increa-'ing the intervals between 
the columns. 

2545. The diminution or tapering form given to a column, whereof all the authors find 
the type, whether truly or not, in that of the trunk of a tree, in the ancient examples '•onie- 
times commences from the foot of the shaft, sometimes from a quarter or one third of its 
height, in which case the lower part is a perfect cylinder. Though the latter method has 
been mostly adopted by modern artists, the former seems more to have prevailed among the 
ancients. Of the method of entasis that is of swelling columns as they rise, we have already 
spoken in the First Book ( 144. ). A curve of diminution, if we may so term it, in which the 
lower part does not much vary from the cylinder, but never much exceeding its boundary 
for the height of one third upwards is the l)est, and to something like that we now come. 
Blondel (liesolution dta qwitre principanx Froblemes d' Architecture') says, that the best and 
simplest instrument for the diminution of columns is that invented by Nicomedes for 
describing the first conchoid, which, applied at the bottom of the shatt. giv’es, by continued 
motion, both the swelling and the diminution, \ignola had not strictly anticipated Biondel 
in this method, w'hich, it is said, was that used for the columns in the I’antheou ; but the 
old master had come so near to it that ^ve shall first describe A ignola’s method, and then 
that proposed by Biondel. Vignola having already spoken of the common practice, says, 
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(Stampam’s edit. Dei cinque Ordini <r Architettura, Roma, J770 cao 7 n 71 1 o 
spect of this second mode, it is my own discoverv and will 

figure, though not so well fcnown^as the first named Ti? understood by the 

having been fixed, namely, the height of the shaft and its^unn^ToTt 

axis, set oft' CD the lower semidiaraeter. Thron”h*'R a pomt in the 

t‘he TolSrlTany^n umW of ™yra?EBj"l? 

h1iJJ:t“rttsh:ftInd?h7up:e^ whieh™:st°rumr Ltetli;r“T: 

gsplisitifilp 

along the groove will with its extremity A describe the curv™ Aatc whLh “ 

same as that produced by Vignola’s method evcent fhaf th ® curve is the 

continued motion of the ruler AH. If the rulers be of an indT*°f'* ** Performed by the 
E and B be made to move along their Jesp^^'w: rulers so ^ to'be' "uf P'"* ““ 

dimmish at pleasure the lengths AB and M, the instrument wi» an’l**' 

columns of any size. ument wiil answer for drawing 

2547. The diminution of the column as resuects nnanfUxr ;e. • i • 
less than one eighth of the lower diameter of t^ coluLi nor oftln"®'^ m ^cient examples 
will be seen in the subjoined examnles. One sixt^I d ■ " *‘*‘*'’ 

Vitruvius, and foUowed by Vignola, in^^all his orders excent'the'r”"^'”'' ’^“°™™c“<Jcd by 
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Order. 

Examplcfti 

Hci^a of 
Citema in 
EngUsh Feet. 

IMameterof 

ColunmiD 

Ratio 

D&itiDntifm. 

Doric 

Theatre of Marcellas • 



22*386 

3*198 

0*200 

— 

Cbliseum - . - 

. 

. 

24*384 

2*865 

0*077 

Ionic 

Temple of Concord 

. 

. 

38*376 

4*485 

0*182 


Temple of Fortuna Virilis 

- 

. 

24*340 

3*109 

0*125 


Coliseum ... 

. 

. 

24*518 

2*909 

0*166 

Corinthian 

Temple of Peace 

. 

- 

52-400 

6*041 

0*111 


Portico of Pantheon - 

. 

. 

38*998 

4*796 

0*106 

_ 

Altars of Pantheon 

. 

. 

11*548 

1*465 

0-133 



Temple of Vesta 


. 

29*226 

3*109 

0*111 

_ 

Temple of the Sybil at Tivoli 

- 

- 

20*254 

2*487 

0*133 

— 

Temple of Faustina - 

. 

. 

38*376 

4*796 

0*133 


Columns of Campo Vaccino > 

• 

. 

39*975 

4*840 

0-111 


Basilica of Antohinus . 


. 

39*442 

4*752 

0*106 

_ 

Arch' of Constantine - 

- 

. 

23*097 

3-435 

0*117 

_ 

Interior of Pantheon - 

. 

. 

29-314 

3*642 

0-133 


Portico of Septimius - 


- 

39*442 

3*632 

0*125 

Composite. 

Baths of Diocletian 


. 

37-310 

3*563 

0*200 



Temple of Bacchus 



11*371 

1*443 

onn 


Arch of Titus - « - 

. 

- 

17*056 

2*102 

0*117 

— 

Arch of Septimius Severus 


• 

23*097 

2*877 

0*117 


2548. The recommendation of Vitruvius (lib. iii. e. 2.) to give different degrees of 
diminution to columns of different heights has been combated by Perrault in his notes on 
the passage ; and we are, with Chambers, of opinion that Perrault is right in his judgment, 
inasmuch as the proper point of view for a column fifty feet high {jig. 876. unshaded part) 
ought not to be at the same distance as for one of fifteen, the point being removed more 
distant as the column increases in height, and therefore the apparent relation between the 
upper and lower diameters would appear the same. For supposing A to be a point of view 
whose respective distance from each of the columns^ FG, is equal to the respective 
heights of each, the triangles /Ag FAG will be similar; and hj or AA, which is the same, 
will be to A^, as AF\ or its equal AH, is to AG: therefore, if de be in reality to Ac as 
DE is to BC, it will likewise be apparently so: for the angle dAc will then be to the angle 
AAc, as the angle DAE is to the angle BAC; and if the real relations differ, the apparent 
ones will likewise differ, “ When, therefore,” observes Chambers, “a certain degree of 
diminution, which by experience is found pleasing, has been fixed upon, there will be no 
necessity for changing it, whatever be the height of the coltfhm, provided the point of view 
is not limited ; but in close places, where the spectator is not at- liberty to choose a proper 
distance for his point of sight, the architect, if he inclines to be scrupulously accurate, may 
vary ; though it is, in reality, a matter of no importance, as the nearness of the obje<^ 
will render the image thereof indistinct, and, consequently, any small alteration imper* 
ceptible.” Our author afterwards adds : “ It must not, however, be imagined that the 
same general proportions will in all cases succeed. They are chiefly collected from the 
temples and other public structures of antiquity, and may by us be employed in churches, 
palaces, and other buildings of magnificence, where majesty and grandeur of manner should 
be extended to their utmost limits, and where, the composition being generally large, the 
parts require an extraordinary degree of boldness to make them distinctly perceptible from 
the proper general points of view.” 

suemvisioK op KicrABLaTUSES. 

2549. We have spoken of the entablat ure as the fourth part of the height of the column. 
In general terms, its subdivisions of architrave, frieze, and cornice are obtained by dividing 
its height into ten equal parts, whereof three are given to the architrave, three to the frieze, 
and four to the comice ; except in the Roman Doric order, in which the whole height of 
the entablature is divided into eight parts, of which two are given to the architrave, three 
to the frieze, and three to the comice. From these general proportions variations have 
been made by different masters, but not so great as to call for particular observation. They 
deviate but little from the examples of antiquity ; and the ease with which they may be 
recollected render them singularly useful. 

MOSK OF MEASURING THE ORDERS. 

2550. Several methods have been used for forming the scale of equal parts, by which the 
orders are measured; but they are all founded on the diameter of the column at the bottom 
of the shaft; for th(»e that use the module or semi-diameter as the m^uring unit (which 
all hdve done in the Doric order) must still recur to the diameter itself. The authors have 
also usually divided it into thirty parts, but all concur in measuring by an unit founded 
on the diameter. We shall follow the practice of Vignola in describing the orders, that 
master dividing the diameter into two equal parts, of which each is the unit of the scale for 
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the ord^. The modvU for the two first ordei^ the Tuscan and Doric, is divide 
into twelve parts or minutes ; and for the Ionic, Corinthian, and Compc^te orders into 
ogbtera parts, by which minute fractions are avoided. 

2551. For drawing or proJUingi as it is called, an order, the proper way is to set out the 
height of the leading parts and their projections, and then proce^ to the subdivisions of 
each. As a general rule, we may mention that it is usual to make projections of cornices 
nearly or quite equal to their heights. 

APPLICATION OF THE ORDERS. 

2552. The application of the orders among the ancients was exceedingly extensive. 
Porticoes abounded about their cities ; their temples were almost groves of columns, with 
which also were profusely decorated their theatres, baths, basilicee, and other public 
buildings, as were no less the courts, vestibule, and balls of their private dwellings. The 
modems have in a great measure imitated their example, and their use has very much 
exceeded the limits of propriety. The maxim of Horace, Nec Deus intersit,” h^ in no 
case been more violated by architects than in the unnecessary introduction of the orders on 
the frpades of their buildings. The test of fitness being applied to their employment is 
the b^t that the young architect can adopt. 


, Sect. III. 

THE TUSCAN ORDER. 

2553. The reader, in^?^. 877., has before him the geometrical representation of the Tuscan 
order and its details. A shows the 
plan of the sofite of the comice, and 
B is a plan of the capital. The exam- 
ple is from Vignola's profile, whereon 
we consider it proper to remark, in 
confomuty with an opinion before ex- 
pressed (2532, 2533. ), that the ovolo 
which crowns the cornice is an im- 
proper moulding for the situation it 
occupies. The substitution for it of 
a fillet and cyma recta would have 
been much more suitable, and would 
have also been more pleasant in 
effect. 

2554. “ The Tuscan order,” says 
Chambers, admits of no ornaments 
of any kind; on the contrary, it is 
sometimes customary to represent on 
the idiaft of its column rustic cinc- 
tures, as at the Palace Pitti in Flo- 
rence, that of the Luxembourg in 
Paris, York S^rs in London, and 
many other buildings of note. This 
practice, though frequent, and. to be 
found in the works of many cele- 
brated architects, is not always ex- 
cus^le, and should be indulged with 
caution, as it hides the natur^ figure 
of the column, alters its proportions, 
and affects the simplicity of the 
whole comp<mtion. There are few 
examples of these bandages in the 
remains of mxBquity, and in general it will be advisable to avoid them in all large designs, 
reserving the rustic wmk for the intercoluraniations, where it may be enq>loyed with great 
propriety to produce an opposition which will help to render the aspect of the whole 
composition distinct and striking.” Our author proceeds to observe, that “ in smaller 
works, of whirii the .parts being few are easily comprehended, they may fre^scnnetimes 
tolerated, sometimes even meommended, as they serve to diversify the forms, are produc- 
tive of strong contrasts, and contribute very considerably to the masculine hold aspect of 
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the composition.” Le Clerc allows their propriety in the gates of citadels and prisons, 
and also considers them not out of place for gates to gardens or parks, for grottoes, foun- 
tains, and baths. Delorme made abundant use of them in several parts of the Thuilleries, 
covering them with arms, cyphers, and other enrichments. They are to be found in the 
detail of the Louvre, with vermiculated rustics. De Chambrai, who banishes the Tuscan 
order to the country, nevertheless admits that the Tuscan column may be consecrated to 
the commemoration of great men and their glorious actions, instancing Trajan’s column, 
one of the proudest monuments of Roman splendour, as also the Antonine column. 

2555. Having adjusted the size of the module with its subdivisions of twelve parts, 
so that the paper or other material on which the order is profiled may contain the whole 
of the order, it always being understood that the representation for practical purposes need 
not include the whole height of the shaft of the column, whose rninuti® of diminution 
may form the subject of a separate drawing, the first step is to draw a perpendicular line 
for the axis of the column. Parallel to the base lines are then to be drawn, according to 
the dimensions (parts of the module) given in the table subjoined ; and the beginner, as 
well as the more practised man, is recommended not to set up these as they are given 
separately, but in every case to add the succeeding dimensions to those preceding rather 
than to set them off one by one, w’hich, on a small scale, causes minute errors in reading 
off from the scale to become in the end large in amount. By the adoption also of 
such a practice the work corrects itself as it proceeds. As the heights are set up, the 
projection of each member from the axis of the column is to be set off, and this should 
be always done on both sides at the same time, by which gulling of the paper from 
the point of the compasses, and errors in other respects, are avoided. The Jig. 878. is 



but the detail on a larger scale of the general representation exhil)ited in that preceding 
The mes^ures each part are given in the following table. 

Y y 2 
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Table of the Parts of the Tuscan Order. 


Heights of 
Mouldings in 
Parts of a 
Module. 

Projection 
from the Axis of 
Column in Parts 
of a Module. 

4 

27^ 

1 


1 

2 

2.3^ 

1 

22i 

5 

221 

1 


2 

19i 

1 

2 

14 

4 

134 

14 

H 

2 

ili 

2 

9i 1 

8 

94 1 


Mouldings whereof the Parts are composed. 


Entablature. 


Cornice A, 
16 parts. 


Frieze B, 
14 parts. 

Architrave C, 
12 parts. 


Cymatium, 
and parts. 


I Quarter round 


Astragal 

[ Fillet - - - - 

Conge, or cavetto - 

Corona - . - 

Drip - - - - 

Sinking from corona, or 
hollow - _ - 

^ Fillet - - - - 

Bed moulding Ogee - - - - 


1 


Fillet. 

Fascia. 


Fillet, or listcl 
f Conge, or small cavetto - 
1 Fascia - - - ~ 

j The height of the drip under the corona is taken on that 
; member, and that of the hollow in the height of the 
! hllet. 

1 

j Column. 

f Fillet - . . - 

Abacus, i Conge, or cavetto - 

Band . - . - 

f Ovolo - - - - 

Cymatium. i Fillet - - - - 

[ Conge, or cavetto - 

Neck, or Hypotrachelion - • - 

Astragal, or I I I 

1 Conge, or cavetto - - 

/ Shalt - - . - 

L Congo, or apophyge 
Fillet - - - - 

•I Torus - - - - 

[Plinth - - - - 


Capital D, 
12 parts. 


Shaft, 

12 modules. 


Base, £, 
1 2 parts. 


Shaft. 


Cornice G, 
6 parts. 
Die F, 

44 parts. 

Base, 

6 parts. 


Pedestal. 

f 

I Cymatium. 


f Listel - - - 

I Ogee - - - 

f Die, or dado 
1 Conge, or apophyge 
r Fillet - - - 

\ Plinth - - - 


1 
1 
2 
3 
1 
1 
S 
1 

1 

2 

1 

II mod. 8 parts. 

H 

1 

5 

6 


2 
4 

3 mod. 4 parts. 


14i 

m 

131 

101 

H 

11 

10.1 

91 

91 

12 

131 

161 

161 


20 

161 

161 

181 

204 


2556. Vitruvius in this order forms the columns six diameters high, and makes their 
diminution one quarter of the diameter. He gives to the base and capital each one module 
in height. No pedestal is given by him. Over the capital he places the architrave of 
timber in two thicknesses connected together by dovetailed dowels. He however leaves 
the height unsettled, merely saying that their height should be such as may be suitable to 
the grandeur of the work where they are used. He directs no frieze, but places over the 
architrave cantilevers or mutuli, projecting one fourth part of the height of the column, 
including the base and capital. He fixes no measure for the cornice, neither does he give 
any directions respecting the intercolumniations of this order. The instructions are not so 
specific as those which he lays down for the other orders, and there have been various 
interpretations of the text, which unfortunately cannot in any of the suppositions be tested 
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on ancient remains. The whole height, according to the measuring unit which we hare 
adopted from Vignola, is 16 module and 3 parts. 

2557. Palladio makes the height of his Tuscan column 6 diameters, and diminishes the 
shaft one fourth of a diameter. The height of the base and capital are each half a diameter. 
He provides no pedestal, but, instead thereof, places the base of the column on a zoccolo, 
or lofty plinth, whose height is equal to the diameter of the column. He leaves the inter* 
columniation unsettled, merely hinting that as the architraves are of timber, they, the 
intercolumniations may be wide. The whole height by him assigned to the order is 9 
diameters and three quarters of the column. The whole height according to our scale is 
1 9 modules and 6 parts. 

2558. Serlio makes the column of the order 5 diameters exclusive of base and capital, 
each of whicdi are half a diameter in height, and his diminution is one quarter of the 
diameter. He gives half a diameter to the height of the architrave, and an equal height 
to the frieze and to the comice. His pedestal is with a plinth and base, a die, and 
cymatium, the whole being a third of the height of the column. He gives no rules for the 
intercolumniations, though in book 4. he inserts a diagram wherein intercolumns appear, 
merely saying that they are equal to 3 diameters. The total height according to our 
measure is 19 modules and 3 parts. 

2559. Scamozzi makes the shaft of his column 6 diameters, and diminishes it one fourth 
part c£ its diameter. The heights of the base and capital are each half a diameter. To 
the entablature he assigns for height one fourth of the height of the column, including its 
base mid capital, less half its diameter. He places a sort of triglyph in the frieze, which 
arises from a misconception of the text of Vitruvius. The height of his pedestal is a fourth 
part of that of the column, with base and capital, less half a diameter. The whole height 
in our measure is 21 modules and 9 parts. 


Sect. IV, 


THE BORIC ORDER. 


2560. The Doric order of the 
former is represented in Jiff. 879. 


modems is of two sorts ; mutular and denticular, the 
A is a plan of the sofite of the corona •, B, a plan of the 



Tig. 879. 

capital ; and C, a plan of the ba.se. In the frieze the channelled projections are called 
triglyphsy and the spaces between them metopay which should in breadth be equal to their 

Y y S 
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which is that of the frieze. The shaft is usually channelled with twenty 
Over the triglyphs are distributed mutulea or modillions, and another peculiarity is the 
introduction of gutta or drops, which decorate the soiite of the comice and the feet of the 
triglyphs. 

2561. Daviler, speaking of the two Doric entablatures given by Vignola, admires the 
elegtuice of their composition, and scarcely knows which of them to select as the most 
beautifulT “ The first ” (or denticular), hereafter immediately subjoined, says Chambers, 
following that author, “ which is entirely antique, is the lightest, and consequently pro- 
perest for interior decoration or objects intended for near inspection ; the other, composed 
by Vignola himself from various fragments of antiquity, being bolder, and consisting 
of larger parts, seems better calculated for outside works and places where the point of 
view is either distant or unlimited. On polygonal plans, however, the mutule cornice 
must be avoided, because the sofites of the angular mutules would form irregular and very 
disagreeable figures : neither should it be employed in concaves of small dimensions, for 
the same reason ; nor in places where frequent breaks are requisite, it being extremely 
difficult, often impossible, to prevent the mutules from penetrating and mutilating each 
other in various unsightly manners ; and wherever this cornice is used on a convex surface, 
the sides of the mutules must be made parallel, for it would be both disagreeable and un- 
natural to see them broader, and consequently heavier in front than where they spring out 
of the mutule band.” We have elsewhere observed that there is very great difficulty in 
distributing the parts of the Doric entablature, on account of the intervals between the 
centres of the triglyphs, which necessarily confine the composer to intercolumniations 
divisible by three modules, thus producing spaces which are often too wide or too narrow 
for his purposes. 



2562. In Jig. 880. the caitablature of the njutular Doric order is given to a larger scale 
than that of the pre^ding figure; and we subjoin, as in the Tuscan order, — 
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Table of Parts of the Entablature of the Mutular Doric. 


Cornice A, 
18 parts. 


Frieze B, 
18 parts. 


Architrave C, 
12 parts. 


gs whereof the Parts are composed. 

1 Heights of 
Mouldings in 

1 Parts of a 
Module. 

Projections 
from Axis of 
Column in Parts 
of a Module. 

Fillet of the corona 



1 

34 

Cyma - - - 

- 

- 

3 

31 

Fillet - 

- 


5 

31 

Cyma reversa - 

- 

- 

1 

30^ 

Corona 

- 



30 

Cyma reversa 

- 

- 

1 

29| 

Mutule 

- 

- 

s 

281 

Drip 

- 

- 

t 

3 

28 

Gutta of the mutule 

- 

- 

1 

26 

Echinus, or quarter round 

- 

- 

2 

13^ 

Fillet - - - 

- 

- 

1 

11| i 

Capital of the triglyph 

- 

- 

2 

11 I 

Triglyph 

- 

- 

18 

10| i 

Metope 

- 

- 

18 

10 1 

Listel - - - 

_ 

- 

2 

12 1 

Capital of the guttae 

- 

- 

1 

I’-i ! 

Guttae 


- 

u 

Hi j 

First fascia 

- 


6 

10> 

Second fascia - 

- 

- 

; 4 

10 


D is the plan of a triglyph to double the scale. 
£ is the plan of the round or square gutta?. 

F is the elevation of the triglyph and its gutts. 


2568. To obviate the difficulties mentioned in 2561. relative to the triglyphs, they have 
often been omitted and the entablature left plain, as in the Coliseum at Home, the colon- 
nades of St. Peter’s of the Vatican, and in many other buildings. This, says Chambers, is 
an easy expedient; but as it robs the order of its principal characteristic distinction, the 
remedy is a desperate one, and sliould only be employed as a last resource. 

2564. The Doric order was used by the ancients in temples dedicated to Minerva, to 
Mars, and to Hercules. In modern buildings Serlio (lib. iv. c. 6.) recommends it in 
churches dedicated to saints remarkable by their suffering for the Christian faith. Le Clerc 
suggests its use for military buildings. “ It may,” says Chambers, “ be employed in the 
houses of generals, or other martial men, in mausoleums erected to their memory, or in 
triumphal bridges and arches built to celebrate their victories.” 

2665. As the difference between the mutular and denticular Doric lies entirely in 
the entablature, we give in the following table the whole of the details of the order. 



observing, that from the capitals downwards, the measures assigned to them are the 
same for each. Fiq. 881. represents the entablature of the denticular Doric and its parts, 

Yy 4 
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which, with those of the capital, base, and pedestal, are in jig, 882. given to a larger 



scale, as we have before represented the parts of the Tuscan order. The general table is 
subjoined : 







Heights in 

Projections in 








Members composing the Order. 



Parts of a 

Module from 






Module. 

Axi» of Column. 



Entablature. 







r Fillet of corona 



1 

34 



Cavetto 


- 

3 

31 



FUlet - 

- 

- 

1 

26 



Cyma reversa - 

- 

- 

I 5 

30 



Corona 

- 


4 

28J 

A, Comice, 


Drip - - - 

- 


J 

271 

1 8 parts. 


Fillet - - - 

- 


1 

25 



Gutta under the corona 

- 


t 

241 



Dentil 

- 


3 

15 



Fillet - 

- 

- 

\ 

13 



Cyma reversa - 

- 

- 

2 

I2J 



Capital of triglyph 

- 

- 

2 

11 

B, Frieze, 

1 8 parts. 


Triglyph 

Metope 


- 

18 

18 

10| 

10 
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Heights in 

Projections in 





Members composing the Order. 


Parts of a 

Module from 




Module. 

Axis of Column. 


" Listel . - _ 


2 

114 

C, Architrave, 

Capital of guttae 

- 

4 

11 

10 parts. 

Guttffi - _ - 

- 


11 

Fascia _ . - 

- 

10 

10 


Column. 





Listel - - - 

- 

i 

154 


Cyma reversa - - - 

- 

1 

15 J 


Band - - - - 

- 


14 

D, Capital, 

Echinus or quarter round 

Three annulets 

• 

n 

H 

13 ? 

114 

12 parts. 

Neck of capital 

- 

4 

10 


f Ovolo 

- 

1 

. 12 


Astragal \ Fillet 

- 

5 

114 


Conge 

- 

U 

10 

Shaft op the Column, 14 modules. 





' Apophyge or conge 

- 

2 

12 

£, Base, 

1 2 parts. 

Fillet - - - - 

Astragal . . - 

Torus . - - 

- 

9 

H 

4 

14 

14 ? 

17 


Plintli 

- 

6 

17 


Pedestal. 





Lbtel ... 

. 

j 

23 

F, Cornice, 

Echinus . . - 

Fillet - - - - 

- 

1 

i 

22? 

21? 

6 parts. 

Corona . - - 

- 

2i 

21 


Cyma reversa - - - 

• 

14 

184 

Die of the Pedestal, 4 modules. 





’ Cong 4 . 

. 

1 

17 


Fillet . - - . 


4 

18 

G, Base, 

Astragal - - . 

- 

1 

18 ? 

10 parts. 

Inverted cyma 

- 

2 

19 


Second plinth 

- 

24 

21 


First plinth - - . 


4 

214 


2566. Vitruvius, with more clearness than in the others, describes the Doric order 
(book iv. chap. iii. ). In order to set out its proportions, he tells us, though not giving a 
direct rule, that its pedestal is composed of three parts, the cymatium or cornice, the die, 
and the base ; and that the base and ciroatium are composed of many mouldings, whose 
indiyidual proportions, however, he does not give. He assigns no particular base to the 
Doric order; but, nevertheless, places under half a diameter in height the attic base, whose 
members are the plinth, small fillet, scotia, and the upper torus with its superior and inferior 
fillets, together with the apophyge of the column. He giires to the projection of the base 
a fifth part of the diameter of the column. The height of the shaft he makes of 6 diameters, 
and its diminution a sixth part of the diameter. The capital’s height be makes equal to 
half a diameter, and divides it into three parts, one for the abacus and its cymatium, 
another for the echinus and its fillets, the third for the hypotrachelium. To the architrave he 
assigns the height of one half diameter of the column, and to the iVieze 50 parts of the module 
(semidiameter divided into SO parts), including the fascia, forming the capital of the tri* 
glyphs. His cornice consists of 30 parts of the module, and its projection 40. The whole 
height which he gives to the order is, in the measure here adopted, 17 modules and 20 parts. 

2567. Palladio makes the Doric pedestal rather less than 2J diameters of the column, 
dividing it into three parts, the base, die, and cymatium. To the die he assigns nearly a 
diameter and one third of the column. To the cymatium a little more than one third of 
the diameter. He uses the attic base to the order, but, for the sake of ca^^ off the 
water, turns the plinth into an inverted cavetto (guscio'), ending in the projection of the 
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cymadum of die pedestal. To the shaft of die column he assigns various proportions, 
diiecdng that if accompanied with pilasters, it should be of the height of 8-^ diameters, 
and if. entirely isolated, 7 or at most 8 diameters high. He cuts the shaft into 24 flutes, 
and dimimshes it the tenth part of its diameter. The height of his capital is half a 
dhuneter, and, like the annotators on Vitruvius, he decorates the neck or frieze, as they 
both call it, with roses, adding, however, other flowers, and making its projection a little 
more than a fldh part of the diameter. To the architrave, frieze, and cornice he gives a 
litde more than one fourth part of the height of the column, so that the whole height of 
his order is in our measure 24 modules and a fraction above 2\ parts. 

2568. Serlio makes the height of the pedestal of his column a little less than 3 dia- 
meters, with its base, die, and cymatium. The height of the die is set up equal to the 
diagonal of a square, formed on the plinth of the column. The height of the cymatium, 
according to the strict text of Serlio, should not be than tliat of the base ; but he 
altogether omits any mention of its projection. His base is the attic base, to which be 
assigns a projection of a quarter of a diameter. The column is 6 diameters high, and has 
20 flutes. His capital differs only from that of Vitruvius in its projection, which is rather 
more. The architrave and fneze do not much differ from those already described. The 
projection given to the cornice is equal to its height. The whole height in our measures 
amounts to 23 modules and 5 parts. 

2569. The Doric order as described by Scamozzi is not very dissimilar to those already 
described. The pedestal is by him made 2 diameters and a little more than a quarter, with 
a base, die, and cymatium, and the projection barely a quarter of the diameter of the 
column, to which he gives the attic base. His column is 7^ diameters high, and the dimi- 
nution a fifth part of the diameter. There are 26 flutes on the shaft, separated from each 
other by fillets, whose width is one third of the flute. This author gives three different 
sorts of capitals for the order : the first has three annulets ; the second has only the lower 
annulet, the two upper ones being changed to an astragal ; the third, instead of the two 
lower annulets, has a cyma reversa. Lastly, above the corona he places a cyma reversa, 
and in the other parts does not vary much from the preceding authors, especially in the frieze 
and architrave, except that in the last he uses two fascis. To the cornice he assigns the 
projection of five sixths of a diameter of the column. His whole entablature is a little less 
than one fourth the height of the column, including base and capital. The whole height 
of the order in our measures is 23 modules and 8 parts. 

2570. In Jig. 883. the profile of the Grecian Doric from the Parthenon at Athens 
is given. Though very Afferent to those we have 
already described of this order, the resemblance is 
still considerable. Its character is altogether sacred 
and monumental, and its application, if capable of ap- 
plication to modem purposes, can scarcely be made to 
any edifice whose generail character and forms are not 
of the severest and purest nature. The various absurd 
situations in which the Grecian Doric has been in- 
troduced In ibis' country, has brought it into disre- 
pute ; added to which, in this dark climate the closeness 
of the interceflumniations excludes light, which is so 
essential to the display of architecture under the cloudy 
skies with which we are constantly accompanied in 
high latitudes. The diameter of the columns iu the 
original is 6 feet 2*7 inches. 

2571. we may be reproached with neglecting 
to submit to the student in tHs place (and the remark 
equally applies to the following section on the Ionic 
order) more examples of the Grecian Doric, we would 
here observe that this work is not to stand in place of 

^ a parallel of the orders. Nothing would have been 
easier than to have placed before him an abundance 
of example; but they must be sought elsewhere, ng.883. 

inasmuch as the nature of our labours requires general, not special, information in 
this respect We have not, however, refrained in the first book (142, ei seq.) from entering 
into details respecting the Grecian Doric, which we consider much more valuable to the 
re^ec than would be the exhibition of a series of profiles of its principal examples. We 
have, moreover, at that place, suggested some criteria of their comparative antiquity. We 
do not think the nice copying of a profile into a modern work any other than a disgraceful 
exhibition of the want of ability in tlie man, we cannot call him artist, who adopts it, and 
shall be much better pleased to leave the student in doubt, so that he may apply himself 
pro re natd to the matter which calls hi.? genius into play. From what we have said on 
the orders in Sect. II. of this Book, (2523, et seq.), relative to the order, and on mouidings 
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(2532, et seq,), it must be quite clear that the variety of every order, keeping to first prin- 
ciples, has not been yet exhausted, neither is it likely to be so. 


Tabi<e of the Parts of the Grecian Doric (Parthenon). 






Heights hi 

Projections in 






Farts of a 

j Members composing tbe order. 



dule and Deci- 






mals. 



Entabutuke. 






FlUet - 

. 

. 

0-60 

22-10 


Echinus 


- 

3*12 

20*40 


Fillet, with sunk cyma reveisa 

- 

2-20 


A, Cornice, 

Corona 

- 

- 

4*88 

18-98 

15*32 parts. 

FiUet - 

. 

- 

1-10 

18*80 

Capital of mutules 

- 

- 

1-10 



Mutules 

. 

. 

0*32 

18-66 


Bead and capital of triglyphs 

- 

- 

2-00 

11-46 

B, Frieze, j 

Frieze (in metope) 

. 


. 15-12 


14-88 parts. 

Triglyph 

- 

- 

14-88 

11-40 


Fillet - - - 



1-50 

12*50 

C, Architrave, 

Cap of gutte - 

- 

- 

1*00 

12*40 

17*10 parts. 

Guttas 


- 

0-20 


Architrave below guttse 

- 

- 

14*40 

11-20 


Column. 






’ Abacus 



4-40 

12-90 

D, Capital, 

Echinus 

. 


3-60 

12-60 

Fillets and hollows, with cavetto 


0-80 


11*16 parts. 

Neck - - - 



2*20 

9-44 


L Groove or sinking 

- 


0-16 



Shaft - . - 

- 


20-30 

at bottom 12 -00 


First step or plinth 

. 


6-90 

12-80 


Second step or plinth • 

- 


6*70 

21*80 


Third step or plinth 

- 

• 

6-90 

30-84 


2572. The minuti* of the Grecian Doric, as we have just observed, cannot be given in 
a general work of this nature. In its smaller refinements it requires plates on a much 
larger scale than this volume allows. The reader, therefore, must be referred to Stvarfs 
Antiquities of Athens (original edition), and the publications of the Dilettanti Society, for 
fiirther information on the subject of the Grecian Doric. All that was here possible was to 
give a general idea of the order. In the figure, £ is the section of the capitds of the inner 
columns of the temple on a larger scale. DO relate to the principal columns. F is a 
section of one of the antae or pilasters to double the scale of the capital. The centre inter- 
columniation 4 modules ^ trom axis to axis of columns. The principal Grecian Doric 
examples are — the Parthenon, the temple of Theseus, the propylsea and the portico of 
the Agora at Athens ; the temple of Minerva at Sunium ; the temple at Corinrii ; of 
Jupiter Nemaeus, between Argos and Corinth ; temple of Apollo and portico of Philip in 
the island of Delos; the temple of Jupiter Panhellenius at Egina, and of Apollo Epicuriiu 
at Phigalia; the two temples at Seiinus; that of Juno Lucina and Concord at Agri- 
gentum ; the temple at Egesta, and the th^ temples at Paestum. (See 142, et seq.) 


Sect. V. 

♦TTrK IONIC ORHER. 

2573. Of the lomc order there are many extant examples, both Grecian and Roman ; 
and, except the debased later examples of latter, there is not that wide difference 
between them that exists between the Grecian and Roman Done. The Ionic has been 
considered as defici^t in appearance as compared with the other orders, on account of 
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the o£ its capital, which, on the return, presents difficulties in use. These 

difl^ilties are not obviat^ by the practice of the Greeks, who made an angular volute on 
eitth extremity of the principal fa 9 ade, and then returned the lace of the capital. With 
all our re^>ect ffir Greek art, we think the expedient, though ingenious, a deformity ; 
albeit, in the case of the type being a timber architrave, we must admit that the face of ^e 
capital should lie in the direction of the superincumbent beam. 

2574. In the example ^ven (Jig. 884.) we have, as in the examples of the preceding 


I 1 



orders, selected the profile of Vignola as the most elegant of the moderns ; and the reader 
will here recollect that in the Ionic, Corinthian, and Composite orders, the module or semi- 
diameter of the column is divided into 18 parts. In the figure, A is a plan of the sofite of 
the comice, and B a plan of the capital. The method of tracing the volute will be given 
in a subsequent figure : previous to which, as in the orders already given, we subjoin a table, 
showing the heights and projections of the parts of the order. 


Memben composing the Order. 

Heights in Parts 
of a Module. 

Projections 
from Axis of 
Column in Parts 
of a Module. 


EnTABIsATUKE. 







Fillet of cyma 

- 

- 

- 

u 

46 


Cyma recta 

- 

- 

- 

5 



FiUet - 

- 

- 


i 

41 


Cyma reversa 

- 

- 

- 

2 

40| 


Corona 

- 

- 

- 

6 

384 


Fillet of the drip 



. 

1 

294 

A, cornice. 




- 

4 

28' 

34 parts. 

Astra^ 

- 

- 

- 

1 

2S" 


FiUet 

- 

- 

- 

h 

244 


Dentel iillel ■ 

-> 

- 

- 

H 

21 


Uentels ' « 

- 

- 

- 

6 

24 


Fillet - 


- 

- 

1 

20 


Cyma reversa - 

- 

- 

- 

4 

194 

B, 

Frieze - 

- 

• 

- 

27 

15 
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1 





Heights in Farts 
of a Module. 

Projections 

Members composing the Order. 



from Axis of 
Column in Parts 







of a Module. 


liistel 





20 

C, Architrave, 

Cyma reversa - 
First fascia 

- 

- 

- 

3 

71 

19§ 

17 

22^ parts. 

Second fascia - 

_ 



6 

16 


^ 'I'hird fascia 

- 

- 

- 


15 


r Capital on the side 

- 

- 

. 

19 

20 


1 Capital on the coussinet, or cushion 

- 

16 

17^ 


Column. 







Fillet - 

- 



1 

20 


Cyma reversa - 

- 

. 

- 

2 

19J 


Listel - 

- 

- 

. 

1 

17| 

E, Capital, 

17 parts. 

Channel of the volute - 
Ovolo 

- 

“ 

3 

17 

22 


Bead 



- 

2 

18 


Astragal Fillet 

- 

- 

- 

1 

17 


! I Conge, or cavetto 

- 

- 

2 

15 



f above 

. 


. 

15 


Shaft of the column 

1 

[below 



16 mod. 6 parts. 



- 

- 

- 

18 


Apophyge 

- 

- 

- 

2 

18 


Fillet - 




H 

20 


Torus - 

- 

- 

- 

5 

22^ 


Fillet - 


. 

. 


20i 


Scotia - 


- 

- 

2 

20 

F, Ease, 

Fillet - 



. 

i 

22 

1 9^ parts. 

Two beads 


. 

. 

2 

221 

Fillet - 

- 

. 

. 

1 

22 


Scotia - 


. 


2 

21 


Fillet - 

. 

• 


1 

24 


Plinth 

- 

- 

- 

6 

25 


Pedestal. 







Fillet - 

- 

- 

. 

1 

35 


Cyma reversa - 

- 

- 

- 

H 

34j 


Corona 

- 


- 

3 

331 

G, Cornice, 

Fillet of the drip 

- 

- 

- 

1 

3o' 

11^ parts. 

Ovolo - 

- 

- 

- 

3 

29' 


Bead - 


. 

- 

1 

27 


Fillet - 

- 

- 

- 

1 

261 


Conge 

- 

- 

- 

li 

25 


Die, 4 modules 

- 

- 

- 

12| 

1 mod. 7. 


Conge 

. 

- 

- 

2 

25 


FUlet - 

. 

- 


1 

27 

H, Ease, 

Bead - 

- 

. 

- 

H 

3 

28 

10 parts. 

Cyma reversa - 

- 

- 

. 

27j 


Fillet - 

. 

. 

. 

§ 

3IS 


Plinth 

- 

- 

• 

4 

33 


The flutes in this order are separated by a listeL 

2575. The letters to the le^ing dWisions of the above table refer to the Jig. 885., 
wherein the parts are drawn to a larger scale, and wherein I is the eye of the volute, pre- 
sently to be described. 
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with a vertical from D, the extremity of eyma reversa. On the point of 
intersection, with a radius equal to one part, describe a circle. Its vertical diameter b 
called the caihetus, and fonns the diagonal of a square whose sides are to be bbected, and 
through the points of bisection (see I, fig. 885.) the axes 1, 3 and 2, 4 are to be drawn, 
each being divided into 6 equal parts. The points thus found will serve for drawing the 
exterior part of the volute. Tbu% placing the point of the compasses in the point 1, with 
the n^us ID, the quadrant DA b described. With the radius 2 A another quadrant may 
be described, and so (hl Similarly, the subdivbimis below the points used for the outer 
lines of the volute serve for the inner lines. The total height oi the volute is 16 parts of 
a module, whereof 9 are above the horizontal from E, and 7 below it. 

2577. Vitruvius, according to some authors, has not given any fixed measures to the 
pedestal of thb order. Daniel Barbaro, however, his commentator, seems to think other- 
wbe ; and, on thb head, we shall therefore follow him. The height of the pedestal is made 
nearly a third part (including its base and cymatium) of the height of the column. To 
the base of the column he assigns half a diameter, and to the shaft itself nearly 8 diameters, 
its surface being cut into 24 flutes, separated by fillets from each other. His method of 
describing the volute b not now thoroughly understood; and it is, perhaps, of little 
importance to trouble ourselves to decypher his directions, seeing that the mode of forming 
it b derived from mathematical principles, as well understood now as in the days of the 
author. The architrave he leaves without any fixed dimensions, merely saying that it must 
be larger or smaller according to the height of the columns. He prescribes, however, that 
the architrave, frieze, and cornice should together be somewhat less than a sixth p^ of the 
height of the column, with its base and capital The total height he makes the order, 
according to our measures, is 25 modules and nearly 9 parts. 

2578. Palladio gives to the pedestal 2 diameters and nearly two thirds of the height of 
the column. He adopts the attic, though without rejecting the Ionic base, and makes it 
half a diameter high, adding to it a small bead, which he comprbes in the height of the 
shaft, which he makes 8 diameters in height. To the architrave, frieze, and cornice, taken 
together, he assigns a little less than one fifth of the height of the column, including its 
ba^ and capital, and makes the projection of the cornice equal to its height. The total 
height of the order, in our measures, is, according to him, 27 modules and nearly 8 parts. 

2579. Serlio, in thb order more than any of the others, varies from Vitruvius. To the 
pedestal he gives, including base, die, and cymatium, a little more than a third part of the 
height of the column, with its base and capital. To the shaft of the column be gives 
7 dLuneters, and dlminbhes it a sixth part of its diameter. Hb capital b that of Vitruvius, 
as far as we can understand that master. His mode of constructing the volute differs from 
other authors. Hb directions are, that having found the cathetus, which passes through 
the centre of the eye, it must be divided into eight parts, from the abacus downwards, one 
whereof b to be the sbe of the eye of the volute, four remain above the eye, and three 
below that part comprised below the eye. The cathetus b then divided into six parts, 
properly numbered by figures from 1 to 6. With one point of the compasses in 1, and 
the other extended to the fillet of the volute, he describes a semicircle, and so on with 
semicircles consecutively from 2 to 6, which will ultimately fall into the eye of the volute. 
We cannot speak in high terms of Serlio's method, and therefore have thought it unne> 
cessary to accompany the description with a figure. It is rather a clumsy method, and we 
fear, if exhibited in a figure, would not satisfy our readers of its elegance. The height of 
his archifr^ve, frieze, and comice together is a little 
less than a fourth part of the height of the column, 
including the base and capital, l^e whole height of 
hb order, in our measures, is 25 modules and 6 parts. 

2580. 3camozzi directs that the pedestal shall be 
with its base and comice two diameters and a half of 
the column. He uses the attic base, and, like Pal> 
ladio, gives an astragal above the upper torus. To the 
shaft of the column he assigns a height of little less 
than 8 diameters, and makes its diminution a sixth 
part of the dbmeter. He adopts the angular capital, 
something like the example of that in the temple of 
Fortuna ViriUs. The height of his architrave, frieze, 
and cornice b a little less than a fifth part of the 
height of the column, with its base and capital. The 
tot^ bright of hb order, in our measures, b 26 mo> 
dules. 

2581. Hie prinripal examples of the Grecian Ionic 
are in the temples of Min^va Polias, of Erectheus, 
and the aqueduct of Hadrian, at Athens; in the 
temple of Minerva Polias at Pi^ne ; of Bacchus at 
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Teos 5 of ApoUo IKdymasus at Miletus ; and of the small temple on the Ilyasas, near 
Athens, vhereof in Jig. 887. the profile is given, and below, a table of the heights and- 
projections of the parts. It is to be observed, that in the Grecian Ionic volute the fillet 
of the spiral is continued along the &ce of the abacus, whilst in the Roman examples 
it 'rises from behind the ovolo. Some of the Athenian examples exhibit a neck below the 
Chinns, decorated with flowers and plants. The entablatures of the early Ionic are 
usually very simple. The architrave has often only one fascia, the frieze is generally plain, 
nod the cornice is composed of few parts. In Rook I. Chap. II. (153, et seq.') we have 
already examined the parts of the Grecian Ionic, and thereto refer the reader. 


Table or the Parts or the Gbeciah Iohic in the Temple on the Iltssus. 


r 





Heights in 

Projections in 

[ 





Parts of a Mo- 

Parts of a 

Members composing the Order. 



dule and Deci- 

Module from 






mals. 

Axis of Column. 


Entablature. 







Fillet - 



_ 

restored. 

restored. 


Cyma recta 



- 

restored. 

restored. 


Fillet - 


- 

- 

restored. 

restored. 

Cornice^ sup* 

Echinus 

- 

- 

- 

2*040 

34-440 

DOsed height 

Corona 

- 

- 

- 

6*240 

33*960 

18*33 parts. 

Drip - 

- 

- 

- 

4*680 

20-520 

Cyma, reversa - 

* 

- 

- 

2*700 


Fillet - 

. 

w 

- 

0*720 



Echinus 

- 

- 

- 

1 -260 . 

18-360 


Frieze 

- 

- 

- 

29*901 

17-400 


FUlet - 

. 

. 


1-920 

30-520 

Architrave, 

Echinus 

* 

• 

- 

2-520 

20-100 

83 -66 parts. 

Bead - 

* 

- 

- 

1-200 

17 880 

Fascia 

- 

- 

• 

27-600 

17-160 


COLOMN. 







r Echinus 

. 

. 

. 

2-040 

19-860 


Fillets, or beads of volutes 

• 

• 

1-050 

1 


Channel 

- 

- 

- 

7-320 

i 


Fillets, or beads of 

volutes 

- 

- 

1-050 


Oipital, 19*32 

Channel 

- , 

- 

- 

0-600 

17-550 

parts. 

Cathetus 

w 

- 

- 

- 

Echinus 

- 


- 

4-650 

18*960 


Bead - 


w 

- 

1*080 

17-250 


FUlet - 

- 

- 

- 

0-450 

15-720 


Conge 

- 

w 

- 

1*080 



Shaft - 

- 

- 


17mod.7*110 

above 15*360 
below 18-000 


Apophvse 

- 

- 

- 

1-080 

18-960 


FUlet - 

w 

- 

- 

0-450 


Bead - 

w 

- 

- 

1-080 

19-320 

Base, 33’27 

Horizontally fluted torus 
FUlet - - - 

- 

“ 

6120 

0*450 

22-500 

22-500 

parts. 

Scotia 

- 

- 

- 

6-000 

21-840 


FUlet 


- 

- 

0-450 

23-640 


Torus 

- 

- 

* 

5-760 

24-960 


Plinth 

- 

- 

- 

11-880 

26-520 

The height from the top of the echinus to the centre 

of the eye of the volute is IS’72 

parts. 

Total uroi^on of the volute from axis of column, 27*90. 



The flutes are elliptical on the plan (see 887.), and the distance between axes of 

columns, 6 modules 3 ’24 parts. 
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Sect. VI. 

THE CORIMTHIAN ORDER. 

2582. For the Corinthian order, we must seek examples rather in Rome than in any part 
of Greece. The portico at Athens, and the arch of Hadrian at Athens, do not furnish us 
with specimens of art comparable with the three columns in the Campo Vaccino, belonging, 
as is generally supposed, to the temple of Jupiter Stator. Those in the temple near Mylassa, 
and the Incantata, as it is called, at Salonica, do not satisfy the artist, as compared with 
the examples in the remains of the temple of Mars Ultor at Rome, the temple of Vesta 
at Tivoli, and others, for which the reader may refer to Desgodetz. 

2583. The reader is again here reminded that the module or semidiameter is to be 




Fig. 888- 

divided into eighteen parts. Jnyip. S88- is a representation of the Corinthian order, whose 
measures are given in the following table : — 

I Members composing the Order, 


Entablature. 

Fillet of comice - - - 

Cyma recta 

Fillet . . _ - 

Cyma reversa - - ■ 

Corona . . _ - 

Cima reversa - - - ■ 

A, cornice, Modillion . - - - 

38 parts. Fillet (remainder of modillion band) 

Ovolo - - - ■ 

Bead . - . - 

Fillet - - " * 

Dentils - - • ” 

Fillet - - - - " 

. Hollow or conge - - " 
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C, architrave, 
27 parts. 


D, capital, 
42 parte. 


Shaft, 

17 modules 
part. 


E, base, 
i44j>arts. 


F, Comice, 
14J parts. 


Die, 

91} parts. 


G, Base, 
14} parts. 


Mmibers composiDg the Order. 


Frieze, 1 mod. 7} parts high 
Fillet - 

Cyma reversa - 
Bead - - - 

First fascia 
Cyma reversa - 
Second fascia - 
Bead 

Third fascia 

Column. 

Echinus 

Fillet 

Xiower member of abacus 
Inverted echinus of the bell 
Large volutes - 
Upper small leaves 
Large leaves - 
[ Lower leaves 

Astragal 

FiUet 

Conge 

Shaft (Upper part - 
(_ Lower part - 
Apophyge 
Fillet 

' Torus 
Fillet 
Scotia 
Fillet 
Two beads 
FUlet 
Scotia 
Fillet 
Torus 
Plinth 

Pedestal. 

Fillet 

Cyma reversa 

Corona 

Throat 

Bead 

FUlet 

Frieze 

Bead 


Bead 

Inverted cyma reversa 

FUlet 

Torus 

Plinth 


Heights in 
Farts of a 
Module. 

Projections 
from Axis in 
Parts of a 
Module. 

. 

15 

1 

20 

4 


1 

17 

7 

164 

2 

164 

6 

154 

1 

154 

5 

15 

2 ( 

diagonally 36, 

1 1 

on plan 33}, 

3 


2 

221 

6 

314 

4 


12 

at top, 24} 

12 

at top, 20} 

2 

18 

I 

17 


. 

- 

15 

- 

18 

2 

20 

n 

211 

3 

22 

i 

204 

H 

20 

1 

21i 

1 

22 

i 

211 

H 

214 

t 

23 

4 

25 

6 

25 

1 

334 

1* 

334 

3 

32 


30| 

1 

264 

1 

254 

5 

25 

H 

261 

3 

7 

26\ 

li 

25 

874 

25 

14 

25 

i 

264 

H 

274 

3 

261 

1 

304 

3 

324 

6 

324 




Fig. 8W 

2584. Fig. 889. shows the details of the entablature, &c. and also the profile and front 
of the Corinthian modillion to a larger scale. On the profile is shown the caisson dr sunk 
panel on the sofite of the corona. The height is six parts, and the projection sixteen. As 
seen in the figure, a distance equal to three parts and a half is taken for the height of the 
smaller volute, and on this distance a scale of sixteen equal parts is made; the figure shows 
the dimensions to be given to the small squares, whose angles serve as centres to describe 
the curves. Having drawn the line AB, it is divided into four equal parts by lines per- 
pendicular to it, which, meeting vertical lines from A and B, give the points, which serve 
as centres for striking the curve of the modillions. The acanthus leaf which supports it, 
as well as the curves which form the profile of the roses in the caisson, are also struck by 
compasses. ^ .... 

2285. In^^. 890., which exhibits the method of drawing the Corinthmn capital, one half 
oF the plan shows the capital in plan, and the other half of it laid down diagonally. Having 
drawn the axis of the plan correspondent to the axis of the elevation of the capital, with a 
radius equal to two modules, describe a circle, which divide into sixteen equal parts. 
Their lines of division.will each correspond to the centre of each leaf. Hie vase of the 
capital is determined by a circle whose radius is 14^ parts. The figure shows the circles 
which bound the leaves upwards on the vase. 

2586. The elevation shows the heights whereon are carried the projections of the plan. 

Z z 2 
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Above the leaves come the sixteen volutes, whereof the eight larger ones support the fi^tir 
angles of the abacus, and the eight smaller ones support the flowers which decorate the 
middle of the abacus. The volutes seen in profile may be drawn geometrically with the 
compasses, but they are always more agreeable and easy when drawn by the eye with a 
hand which feels the contours. 

The different parts of the capital are as follow : A, plan of the leaves and abacus ; B, 
plan of the larger and smaller volutes ; C, the vase or body of the capital ; D, the first 
tier of leaves ; E, the second tier of leaves ; F, the caulicolus ; G, the larger volute ; H, 
the smaller volute ; I, the flower ; K, the abacus ; L, the lip of the vase. 

2587. Vitruvius is scanty in the information he gives on ‘the Corinthian order, and what 
he says respecting it relates more to the origin of the capital and the like than to the pro- 
portions of the detail. He makes the capital only 1 diameter high, and then forms upon 
the plan a diagonal 2 diameters long, by means whereof the four faces are equal accord- 
ing to the length of the arc, whose curve will be the ninth part in length and its height 
the seventh part of the capital. He forms the order with a pedestal, with base and cornice, 
as Daniel Barbaro would have it. The whole height given to it in our measures is about 
27 modules and 2 parts. 

2588. Palladio uses the pedestal with its ordinary subdivisions, making it between a 
third and fourth part of the height of the column, including its base and capital. To 
the base he gives 1 module, the shaft of the column a little less than 8 diameters, and 
places twenty-four flutes upon it, which two thirds downwards are channelled, and on the 
other or lower third neatly fitted with convex pieces of segments of cylinders called cab- 
lings. He makes the capital 1 diameter and a sixth in height, giving it two tiers of 
leaves, caulicoli, and abacus. To the architrave, frieze, and cornice he assigns a little less 
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than a fifth part the column, including the base and capital. The whole height given 
to the order this author is about 27 modules and 10 parts of our measures. 

2589. Serho mak^ his pedestal pretty nearly as the rest. To the base of the column 
he assigns half a diameter for the height, when that is about level with the eye, but when 
much above it he directs all the members to be increased in height accordingly, as where 
one order is placed above another, he recommends the number of parts to be dimi* 
nisbed. To the shaft of the column he gives a little more than 7 diameter^ and to 
the capital the same height as that given by Vitruvius, whom, nevertheless, he consider 
in error, or rather that some error has crept into the text, and that the abacus ought not to 
be included in the height The height of the architrave, frieze, and comice he makes a 
little less than a fourth part of the column, including its base and capital. The whole of 
the order, according to him, is 28 modules and a little more than 1 part of our measures. 

2590. Scamozzi gives to the pedestal of this order the height of 3 diameters and one 
third, composing it with the usual parts of base, die, and comice ; to the base of the 
column the same height and mouldings as Palladio. To the shaft of the column he 
assigns the height of 8 diameters and one third, and diminishes it on each side an eighth 
part of its thickness at bottom. The capital is of the same height as that by Palladio. The* 
architrave, frieze, and comice he directs to be a little less than a fifth part of the height of 
the column. By our measures the whole height of his order is 30 modules and 20 parts. 


Sect. VII. 

THE COMPOSITE ORDER. 

2591. The Composite order, as its name imports, is a compound of others, the Corin- 
thian and Ionic, and was received into the regular number of orders by the Romans. 
Philander, in his notes on Vitruvius, has described its proportions and character. Its 
capital consists, like the Corinthian, of two ranges of acanthus leaves distributed over the 
surface of a vase, but instead of the stalks or branches, the shoots appear s mal l and as 
though flowering, adhering to the vase and rounding with the capital towards its 
middle. A fillet terminates the vase upwards, and over the fillet an astragal is placed, 
and above that an echinus, from which the volutes roll themselves to meet the tops 
of the upper tier of leaves, on which they seem to rest. A large acanthus leaf is bent 
above the volutes, for the apparent purpose of sustaining the corner of the abacus, which 
is dissimilar to that of the Corinthian order, inasmuch as the fiower is not supported by a 
stalk seemingly fixed on the middle of each face of the abacus. The principal examples of 
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me wi Rmo^ in the temple of Bacchus, the arches of Sepdmius Serenis, of the 
and of ; also in Uie baths of Uiocleaian. 

, 2 ^ 9 ^ jFV* preceding page) is a representation of Vignola’s profile of the order. 

Its iMasnres are subjoii^ in the following table : — 


Sfentbers composing the Order. 


Heights in Projections from 
Farts of a Axis in Farts of 

Hodale. a Module. 


A, Cmniee, 

86 p^ts. 


B, Friexe, 
27 parts. 


C* Amhitrave, 
27 parts^ 


Emtablatuee. 

Fillet of comice 
Cyma recta 
Fillet 

Cyma rerersa 

Bead 

Corona 

Cyma under the corona 
Fillet 

Cyma reverse 

Fillet of the dentils 

Dentils 

Fillet 

Ovolb 

Bead 

FiUet 

Conge 

Upright fece - 
Apophyge 

■ Fdlet 
Cavetto 
Ovolo 
Bead 

First fi^ia 
Cyma reversa 
Second fascia 


Capital, 
42 parts. 


Column, 

' Echinus and fillet 
Lower member of abacus 
Volute 

Bend of upp^ leaves 
Upper leaves > 

Bend of lower leaves • 
Lower leaves - 


Astragal 

FOlet 

Ccmge 

Odumn, T Above 

16 mod. 12pai4a. Shaft 4 

Below 
Apophyge 
1 Fillet 


E, Base frf co- 

limin,a8 parts. 


20 | 

diagonally 32| 
diagonally 30| 



- 


3 

24 

. 

- 

- 

9 

224 


- 

. 

3 

20§ 

- 

- 

- 

9 


- 

- 


2 

in 

- 

- 

- 

1 

16 | 

- 

- 

- 

2 

15i 


* 


- 15 

16 mod. 12 parts. 

- 

- 

- 

- 

18 

- 

- 

- 

2 

20 

• 


“ 


20 


- 

- 

a 

20 

• 

- 

“ 

H 

20 

• 

- 

- 

3 

22 

• 

• 

- 

i 

aoi 

• 

• 

- 


20 

•• 

• 

- 

1 

i 

m 

• 

• 

“ 

2 l| 

• 

* 

“ 

i 

24 

m 


• 

8 

201 

• 


• 

i 

23 

• 

• 

- 

4 

25 

• 

. • 

• 

6 

25 
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Heights in 

Projections from 

Members composing the Order. 



Farts of a 

Axis in Parts of 







Module. 

a Module. 


PEDESTAI.. 





1 


FiUet 

• 


. 

- 

i 

33 


Cyma reversa 


- 

- 

- 

H 

32| i 


Corona 

. 

- 

- 

- 

3 

31^ 1 

F, Cornice, 

Cyma recta 

- 

- 

- 

- 

n 

28^ 

14 parts. 

Fillet 

- 

- 

- 

- 

3 

265 

Cavetto 

- 

- 

- 

- 

1 

255 


Frieze 

_ 

- 

- 

- 

5 

25 


. Bead 

- 

- 

- 

- 

1 

27 


Fillet 



_ 


1 

275 


Conge 

- 

- 

- 

- 


25 

Die, 94 parts. 

Die 

- 

- 

- 

“ 

885 

25 i 


Apophyge 

- 

- 

- 

- 

2 

27 i 


Fillet 

- 

- 

- 

- 

1 

27 ! 


f Bead 



_ 


1 

275 : 

G, Base, 

Inverted cyma reversa 
Fillet 


- 

- 

3 

1 

305 I 
315 1 

12 parts. 

Torus 



- 

_ 

3 

33 ! 


Plinth 

- 


- 


4 

33 ! 


2593. The flutes in this order are separated by a flllet between them, and are, when 
used, twenty-four in number. 
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2594. Fig. 892. (see preceding page) shows the parts of the entablature, base, and pedestal 
to a larger scale, BXkAjig. 893. gives, similarly, a more intelligible, because larger, represent- 



Fi«. 893. 


ation of the mode of setting up the capital, which, as we have already observed, has only 
eight volutes. In this figure A is the plan, as viewed frontwise ; B, that of the capital, 
viewed diagonally ; C, the vase or body of the capital ; D, the first tier of leaves ; E, the 
second tier of the same ; F, the volutes ; G, the flower ; H, the abacus. 

2595. Vitruvius has not given any instructions on this order ; we are therefore obliged 
to begin our parallel, as in the other orders, with — 

2596. Palladio, whose examples of it are light and much decorated. To the pedestal’s 
height this master assigns 3 diameters and three eighths of the column, adding to it a 
lower plinth of the height of half a diameter. He makes the base of the column half a 
diameter in height, and assigns to the shaft 8 diameters and a little more than one fourth, and 
cuts on it twenty-four flutes. The height of this capital is 1 diameter and a sixth, his 
volutes being very similar to those he prescribes for his Ionic. The architrave, frieze, and 
comice he makes a little less than a fifth part of the height of the column. The whole 
height of his profile in our measures is 30 modules and 12 parts. 

2597. Serlio seems to have founded his profile of this order upon the example in the 
Coliseum at Rome. He makes the height ctf the pedestal a little less than 4 diameters of 
the column. To the shaft of the column he assigns 8 diameters and a half. To the 
height of the capital he gives 1 diameter, differing therein from his profile of the 
Corinthian order in the disposition of the volutes and leaves. His entablature, which is a 
little 1^ in height than one fourth of the column, he divides into three equal parts for the 
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architrave, frieze,'and cornice. The total height of his profile in our measures is 32 mo- 
dules and 9 parts, being much higher than that of Palladio. . .. 

2598. Scamozzi’s profile greatly resembles that of Palladio. His pedestal is 3 dia- 
meters, and the base of his column half a diameter in height. The shaft of his column, 
without base or capital, is 8 diameters and one twelfth high, and the capital 1 diameter 
and a sixth. The entablature is one fifth part of the column in height, and the whole 
of the profile in our measures is nearly 29 modules and 7 parts. 


Sect. VIII. 

PEDESTALS. 

2599. We think it necessary to devote a small portion of this chapter to the consider- 
ation of pedestals, on account of the great ditference which exists in the examples of the 
orders, and this we shall place in a tabular form, previous to the general remarks it will be 
necessary to make. 


Table showing the Height of Pedestals in ancient and modern Works. 




Plinth in 
Minutes. 

Mouldings 
above 
Plinth in 
Minutes. 

Die in 
Minutes. 

Comice in 
Minutes. 

Total 
Height in 
Minutes. 

Doric 1 

Palladio 

26 

14 

80 

20 

140 

, Scamozzi 

■ Temple of Fortuna Vi- 

30 

* 

1 

15 

684 

224 

136^, 


rilis 

! 44 

19i 

933 

23J 

180J 

Ionic 

Coliseum 

33^ 

95 

81| 

17 

1414 


Palladio 

28§ 

14^ 

975 

214 

1624 


1. Scamozzi 

30 

15 

824 

224 

150 


Arch of Constantine - 

17i 

29 

153 

294 

228 

Corinthian 

Coliseum 

23 

114 

78 

194 

1314 

Palladio 

231 

144 

93 

19 

150 


Scamozzi 

30 

15 

1.324 

224 

200 


Arch of Titus 

Arch of the Gold- 

55 

30 

141 

29 

255 

Composite ■ 

smiths 

Arch of Septimius Se- 

46 

254 

1444 

254 

241 

verus 

30 

30= 

1404 

29| 

1824 


Palladio 

33 

17 

133 

17 

200 


. Scamozzi 

30 

15 

1124 

22 * 

180 


2600. The minutes used in the above table are each equal to one sixtieth of the diameter 
of the shaft. 

2601. Whether the pedestal is to be considered a component part of an order is of little 
importance. There are so many cases that arise in designing a building, in which it 
cannot be dispensed with, that we think it useful to connect it with the column and 
entablature, and have consequently done so in the examples already given of the several 
orders. Vitruvius, in the Doric, Corinthian, and Tuscan orders, makes no mention of 
pedestals, and in the Ionic order he seems to consider them rather as a necessary part in 
the construction of a temple than as belonging to the order itself. 

2602. A pedestal consists properly of three parts, the base, the die, and the comice. 
“ Some authors,” says Chambers, “ are very averse to pedestals, and compare a column 
raised on a pedestal to a man mounted on stilts, imagining they were first introduced 
merely through necessity, and for want of columns of a sufficient length. It is indeed 
true,” he continues, “ that the ancients often made use of artifices to lengthen their 
columns, as appears bv some that are in the baptistery of Constantine at Rome ; the shafts 
of which, being too short for the building, were lengthened and joined to their bases by an 
undulated sweep, adorned with acanthus leaves ; and the sane expedient has been made 
use of in some fragments which were discovered a few years ago at Nismes, contiguous to 
the temple of Diana. Nevertheless, it doth not seem proper to comprehend pedestals in 
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the number of these artifices, since there are many occasicms on which ttiey are evidently 
necessary, and some in which the order, were it not so raised, would lose much of its 
b^utiful appearance. Thus, within our churches, if the columns supporting the vault 
were placed immediately on the ground, the seats would hide their bases and a good part 
of their shafts ; and in the theatres of the ancients, if the columns of the scene had been 
placed immediately on the stage, the actors would have hid a considerable part of them 
from the audience ; for which reason it was usual to raise them on very high pedestals, 
as was likewise necessary in their triumphal arches ; and in most of their temples the 
columns were placed on a basement or continued pedestal (stylobota), that so the whole 
might be exposed to view, notwithstanding the crowds of people with which these places 
were frequently surrounded. And the same reason will authorise the same practice in our 
churches, theatres, courts of justice, or other public buildings where crowds frequently 
assemble. In interior decorations, where, generally speaking, grandeur of style is not to 
be aimed at, a pedestal diminishes the parts of the order, which otherwise might appear 
too clumsy ; and has the farther advantage of placing the columns in a more favourable 
view, by raising their base nearer to the level of the spectator’s eye. And in a second order 
of arcades there is no avoiding pedestals, as without them it is impossible to give the 
arches any tolerable proportion. Sometimes, too, the situation makes it necessary to 
employ pedestals, an instance of which there is in the Luxembourg at Paris ; where, the 
body of the building standing on higher ground than the wings, the architect was obliged 
to raise the first order of the wings on a pedestal, to bring it upon a level with that of the 
body or corps de logia of the building, which stands immediately on the pavement. ” 

26(B. The dies of pedestals are occasionally decorated with tablets or with sunk panels 
whose margins are moulded ; but, generally speaking, such practices are to be avoided. 
In very large pedestals the surface may be thus broken, as in single monumental columns, 
which, at best, are but paltry substitutes for originality. Habit has reconciled us to view 
with pleasure the Trajan and Antonine columns, the monument of London, and the co- 
lunrn of Napoleon in the Place Vendome at Paris, in each of which the pedestals are 
ornamented in some way or other, so as to tell in some measure the story of the person 
in whose honour they were erected, or, as in ♦he basso-relievo of the London column, the 
event which it records. But care must be taken when inscriptions are used to preserve 
a rigid adherence to truth, and not to perpetuate a lie, as was the case in the monument 
just named, against a most worthy portion of the people of the British empire. 

2604. As respects the employment of pedestals, we should advise the student, except 
under very extraordinary circumstances, to avoid the use of them under columns which 
are placed at a distance from the main walls of an edifice, as, for example, in porches 
perbtyles, or porticoes, — a vice most prevalent in the Elizabethan architecture, or rather 
the cinque-cento period, which the people of this day are attempting with all its ab- 
surdities to revive. Here we must agmn quote our author. Sir William Chambers, 
whose excellent work we have used above, and on which we shall continue to draw largely. 

“ With regard,” he says, “ to the application of pedestals, it must be observed, that 
when columns are entirely detached, and at a considerable distance from the wall, as 
when they are employed to form porches, peristyles, or porticoes, they should never be 
placed on detached pedestals, as they are in some of Scamozzi’s designs, in the temple 
of Scisi (Assisi) mentioned by Palladio, and at Lord Archer’s house, now Lowe’s hotel, in 
Covent Garden ; for then they indeed may be compared to men moimted on stilts, as they 
have a very weak and tottering appearance. In compositions of this kind, it is generally 
best to place the columm immediately on the pavement, which may be either raised on a 
continued solid basement, or be ascended to by a flight of fronting steps, as at St. Paul’s, 
and at St. George’s Bloomsbury ; but if it be absolutely necessary to have a fence in the 
intercolumniations, as in the case of bridges or other buildings on the water, or in a second 
order, the columns may then, in very large buildings, be raised on a continued plinth, as in 
the upper order of the western porch of St. Paul’s, which in such case will be sufiiciently 
high : and in smaller buildings, wherever it may not be convenient or proper to place the 
bsdustrade between the shafts, the columns may be placed on a continued pedestal, as they 
are in Palladio’s designs for Signor Cornaro’s house at Piombino, and at the villa Arsieri, 
near Vicenza, another beautiful building of the same master.” The same author continues : 

“ The base and comice of these pedestals must run in a straight line on the outside through- 
out, but the dies are made no broader than the plinths of the columns, the intervals between 
them being filled with balusters, which is both really and apparently lighter than if the 
whole pedestal were a continued solid. ” llie author quoted then proceeds to caution the 
student agrinst the employment of triangular, circular, and polygonal pedestals, and such 
as are swelled and have their die in the form of a baluster, or are surrounded by cinctures. 

These extravagances were rife in the age of Louis XV., but notwithstanding the zeal of 
the jobbing upholsterem anik decorators of the present day, who are the cume of all archi- 
tectural art, we hope they will never be permanently revived in this country, though their 
introductio|i has already proceeded to a condderable extent. 
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Sect. IX. 


INTEJtCOLUMHlATIONS. 

2605. All intercolumniation is the clear distance between two columns measured at the 
lower diameter of their shafts. This distance must depend principally on the order em- 
ployed : in the Tuscan, for example, the nature of its composition allows a greater width 
between columns than would be admissible in the Corinthian order, independent of what 
has already been stated in Sect. II. (2524, et seq.) in respect of supports and loading ; and 
this because of the enrichments of the several orders requiring that they should take their 
departures (to use a phrase borrowed from another science) from the axes of their re- 
.spective columns. The ancient names (which are still preserved) of the different inter- 
columniations are described by Vitruvius in his second and fourth books. They are — the 
pycnostyle, wherein the space ^tween the columns is 1 diameter and a half, as its etymology 
from WKVQS and crvXos imports (thick in columns), an intercolumniation used only in the 
Ionic and Corinthian orders ; the systyle (<rw<rTvA.Dy, with columns a little more apart), 
wherein the interval between the columns is a little greater ; the eustyU (evo^rvAos, or well- 
contrived interval), wherein the intercolumniation is of 2 diameters and a quarter ; the 
diastyle (Zta<Trv\o5. with a more extended interval between the columns), having an inter- 
columniation of 3 diameters ; and the araostyle (opaiOfTTuAoy, with few columns), wherein 
the interval is 4 diameters. In the Doric order the triglyphs necessarily regulate the 
intercolumniations, inasmuch as the 
triglyph should fall over the axis of 
the column ; hence the intercolumnia- 
tions in this order are either systyle 
monotriglyph (that is, with a single tri- 
glyph in the intercolumniation), or 
IJ diameter; diastyle, or of 2^ dia- 
meters; or araostyle, which will make 
the interval 4 diameters, as will be 
immediately understood on refer- 
ence to Jig. 894. ; wherein A is the 
sysytle monotriglyph intercolumnia- 
tion of 3 modules ; B, that of the dia- 
style, or 6 modules ; and C, the arjpo- 
style, or of 8 modules. The inter- 
columniation marked D serves for 

the application of coupled columns, wherein the rule seems necessarily to be that the space 
between the columns may be increased, so that the requisite number of supports accord- 
ing to the order and intercolumniation is preserved. 




Rg. 895. 

2606. The intervals of the Tuscan order are indicated in^^^. 895., wherein A shows the 
intercolumniation called eustyle of 4^ modules ; B, the diastyle of 6 modules ; and C, the 
ar»ostyle of 8. D, of 1 module, is the space of coupled columns. 

The intercolumniations in this order are scarcely susceptible of rules other than those we 
have indicated in our previous discussion on the orders generally in Sect. II. (2523, er ), 
wherein we have entered on the subject at such length that we refrain from saying more 
in this place. We may, however, observe, that the application of the principles there 
mentioned are so intimately connected with this section, that the separation of one from the 
other would destroy all our scheme for keeping the student in the right path. Hereafter 
the principles in question will be applied to and tested on arcades. 
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2607. In^^. 896-5 of Ionic inter- 
columnlations, A is the eustyle ar- 
rangement ; B, that of the diastyle ; 

C, that of the ar»ostyle ; and D, that 
of coupled columns. 

2608. Fig. 897. is a similar ap- 
plication of the intercolumniations to 
the Corinthian order, wherein also A 
exhibits the eustyle ; B, the diastyle ; 
and C, the ar®ostyIe intervals : D 
also showing the space used of 1 mo- 
dule for coupled columns. 

2609. Sir William Chambers, for 
whose observations we have much 
respect, — and, indeed, to whose va- 
luable labours we acknowledge our- 
selves much indebted, — seems to have 
had a distant glimpse of the doc- 
trine of equal weights and supports, 
but knew not exactly how to jus- 
tify his notions on the subject. He 
therefore avoids the main question by 
attributing the pycnostyle interco- 
lumniation rather to necessity than 
choice ; observing, that “ as the ar- 
chitraves were composed of single 
stones or blocks of marble, extending 
from the axis of one column to that 
of another, it would have been diffi- 
cult to find blocks of a sufficient 
length for diastyle intervals in large 
buildings.” But this is a reason al- 
together unsatisfactory, inasmuch as 
we know that they were sufficiently 
masters of masonry to have conquered any such difficulty. We are much more inclined to 
agree with him when he says (always, however, reverting to the principle of equal supports 
and weights), “ With regard to the araeostyle and Tuscan intercolumniations, they are by 
much too wide either for beauty or strength, and can only be used in structures where 
the architraves are of wood, and where convenience and economy take place of all other 
considerations : nor is the diastyle sufficiently solid in large compositions.” These consider- 
ations, however, may be always safely referred to the doctrines laid down in Section II. 
of this Chapter, already alluded to; and, indeed, that reference is justified by the instruc- 
tions of Vitruvius in the second chapter of his third book, wherein he directs that the 
thickness of the column should be augmented in an enlarged intercolumniation : as, for 
example, supposing the diameter of a column in the pycnostyle species to be taken one 
tenth of the height, it should in an arseostyle be one eighth ; arguing, that if in an ar^style 
the thickness of the columns exceed not a ninth or tenth part of their height, they appear 
too slender, and in the pycnostyle species the column at one eighth of its height is clumsy 
and unpleasant in appearance. Upon this passage Chambers observes, “ that the intention 
of Vitruvius was good, but the means by which he attempts to compass it insufficient. 
His design was to strengthen the supports in proportion as the intervals between them 
were enlarged ; yet according to the method proposed by him this cannot be effected, 
since one necessary consequence of augmenting the diameter of the column is enlarging the 
intercolumniation proportionably. Palladio and Scamozzi have however admitted this 
precept as literally just, and by their manner of applying it have been guilty of very con- 
siderable absurdity.” W’'e are not at all inclined to admit the truth of the opinion of 
Chambers ; for, again reverting to the doctrine of the supports and loading, which was un- 
known to him, it is to be remembered that increase in the space of the intercolumniation 
immediately involves increase of weight in the load or entablature, and therefore seems 
to demand increase of diameter to the supports. Palladio and Scamozzi were not there- 
fore guilty of the absurdity laid to their charge. 

2610. Among the other reasons for our adopting the practice of Vignola is that he has 
observed so much uniformity in his intercolumniations, except of the Doric order, wherein 
the triglyphs prevent it, aware as we are that the practice has by many able writers been 
much condemned. Chambers even says that his practice in this respect is “ preferable to 
any other, as it answers perfectly the intention of Vitruvius, preserves the character of each 
order, and maintaii^ in ^1 of them an equal degree of real solidity.” 
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261 i . With the exception of the Doric order, wherein the most perfect arrangement of 
the detail results from the interval produced by the ditriglyph, there can be no doubt that, 
abstractedly considered, the diastyle and eustyle intercolumniations are very convenient 
in use, and may be employed on most occasions, except, as just mentioned, in the Doric 
order, 

2612. In setting out the intervals between columns especial care must be taken that the 
centres of modilUons, dentils, and other ornaments in the entablature fall over the axes of 
the columns. It is on this account that Vignola gives about two diameters and a third to 
the intervals in all the orders except the Doric, instead of two diameters and a quarter, as 
required by Vitru\ius; an alteration which removes the difficulty and greatly simplifies the 
rules. 

2613. Cases from many circumstances often occur where greater intercolumniations 
than the eustyle and diastyle are too narrow for use, and the moderns, headed by Perrault, 
have adopted an interval which that master has called ar^osystyle. This disposition is 
obtained without infringing on the law of weights and supports, to which we have already 
so often alluded. In it the columns are coupled^ as shown in the preceding 6gures, the in- 
terval being formed by swo systyle intercolumniations, the column separating them being, 
as Chambers observes, “ approached towards one of those at the extremities, sufficient room 
being only left between them for the projection of the capitals, so that the great space is 
3^ diameters wide, and the small one only half a diameter.” One of the finest ex- 
amples of this practice is to be seen in the facade of the Louvre, (see^^. 176.) wliich in 
many respects must be considered as the finest of modern buildings. The objections of 
Blondel to the practice are not without some weight, but the principal one is the extra 
expense incurred by it ; for certain it is that it requires nearly double the number of 
columns wanted in the diastyle, besides which it cannot he denied that it causes con- 
siderable irregularities in the entablatures of the Doric, Corinthian, and Composite orders, 
which, however, are not apparent in the other two. It is, nevertheless, so useful in cases 
of difficulty which constantly arise, that we should be sorry to exclude the practice alto- 
gether, though we cannot recommend it for unlimited adoption. 

2614. A great many expedients have been employed to obviate the irregularity of the 
modillions in the Corinthian and Composite orders, arising from the grouping of columns. 
We, on this head, agree with Chambers, whose instructions we subjoin in his own words : 
“ The simplest and best manner of proceeding is to observe a regular distribution in the 
entablature, without any alteration in its measures, beginning at the two extremities of the 
building, by which method the modillions will answer to the middle of every other column, 
and be so near the middle of the intermediate ones, that the difference will not easily be 
perceivable. The only inconvenience arising from this practice is, that the three central 
intercolumniations of the composition will be broader by one third of a module than is 
necessary for eleven modillions : but this is a very trifling difference, easily divided and 
rendered imperceptible if the extent be anything considerable.” In the Doric order, the 
grouping of columns is not so easily managed, and therein our author recommends the 
expedient employed by Palladio, in the Palazzo Chiericato, and in the Basilica at Vicenza. 
In the last-named, the coupled columns are only 21 minutes apart, thus making the space 
between the axes 2 modules and 21 minutes, that is, 6 minutes bey'ond the breadth of a 
regular metope, and 2 half-triglyphs. To conceal the excess, the triglyphs are 31 minutes 
broad, and their centres are carried 1 minute within the axis of the column, and the 
metope is 3 minutes broader than the others. These small differences are not perceptible 
without a very critical and close examination of the distribution. In this arrangement 
the attic base of Palladio should be employed, because of its small projection, and the 
larger intercolumniation must be araeostyle. 

2615. Intercolumniations should be preserved of equal width in all peristyles, galleries, 
porticoes, and the like ; but in loggias or porches, the middle interval may be wider than 
the others by a triglyph, a modillion or two, and a few dentils, that is, if there be no 
coupled columns at the angles nor groupings with pilasters, in which cases all the other 
intervals should be of the same dimensions. It has been observed by Blondel, that on 
occasions where several rows of columns are used, as, for instance, in the curved colonnades 
of the piazza of St. Peter’s, the columns ought as much as possible to be in straight lines, 
because otherwise the arrangement can only be understood by viewing it from the centre of 
the figure employed. The observation is well worth the student’s consideration, for the 
resulting effect of a departure from this rule, as Chambers has properly observed, is 
** nothing but confusion to the spectator’s eye from every point of view.” The same 
author condemns, and with justice, though in a smaller degree, the use of “ engaged 
pilasters or half columns placed behind the detached columns of single, circular, oval, or 
polygonal peristyles, as may be seen in those of Burlington House. Wherefore,” he 
says, “ in buildings of that kind, it will perhaps be best to decorate the back wall of the 
peristyle with windows or niches only.” We can hardly suppose it here neces.sary to 
caution the student against the use of intercolumniations without reference to the absolute 
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size of them : they must not be less than thi^ feet even in small buildings, because, as 
Sir William Chambers seriously says, “ there is not room for a fat person to pass between 
them.” 

2616. Before leaving the subject which has furnished the preceding remarks on inter- 
columniations, we most earnestly recommend to the student the re-perusal of Section II. of 
this Book. The intervals between the columns have, in this section, been considered more 
with regard to the laws resulting from the distribution of the subordinate parts, than with 
relation to the weights and supports, which seem to have regulated the ancient practice : 
but this distribution should not prevent the application generally of the principle, which 
may without difficulty, as we know from our own experience, be so brought to bear upon 
it as to produce the most satisfactory results. We may be perhaps accused of bringing a 
fine art under mechanical laws, and reducing refinement to rules. We regret that we 
cannot bind the professor by more stringent regulations. It is certain that, having in this 
respect carried the point to its utmost limit, there will still be ample opportunity left for 
him to snatch that grace, beyond the reach of art, with the neglect whereof the critics are 
wont so much to taunt the artist in every branch. 


Sect. X. 


ARCADES AKD ARCHES. 


2617. An arcade, or series of arches, is perhaps one of the most beautiful objects at- 
tached to the buildings of a city which architecture affords. The utility, moreover, of 
arcades in some climates, for shelter from rain and heat, is obvious ; but in this dark 
climate, the inconveniences resulting from the obstruction to light which they offer, seems 
to preclude their use in the cities of England. About public buildings, however, where 
the want of light is of no importance to the lower story, as 
in theatres, courts of law, churches, and places of public amuse- 
ment, and in large country seats, their introduction is often 
the source of great beauty, when fitly placed. 

2618. In a previous section (2524.) we have spoken of 
Lebrun’s theory of an equality between the weights and sup- 
ports in decorative architecture : we shall here return to the 
subject, as applied to arcades, though the analogy is not, per- 
haps, strictly in point, because of the dissimilarity of an arch to 
a straight lintel. In^^. 898. the hatched part AEMFDCOB 
is the load, and ABGH, CDIK the supports. The line GK 
is divided into six parts, which serve as a scale to the diagram, 
the opening HI being four of them, the height BH six, NO 
two, and OM one. From the exact quadrature of the circle 
being unknown, it is impossible to measure with strict accu- 
racy the sur^e BOC, which is necessary for finding by sub- 
traction the surface AEMFDCOB ; but using the common 
method, we have 



Fig. 898. 


ADx AE- 
6x3- 


to that surface; or, in figures, 

4x4x7854 


= 11*72. 


Now the suports will be IK x IC x 2 (the two piers) = the piers ; or, in figures, 
1x6x2 = 12-00. 


That is, in the diagram the load is very nearly equal to the supports, and would have been 
found quite so, if we could have more accurately measured the circle, or had with greater 
nicety constructed it. But we have here, where strict mathematical precision is not our 
obje<^ a sufficient ground for the observations which follow, and which, if not founded on 
something more than speculation, form a series of very singular accidents. We have chosen 
to illustrate the matter by an investigation of the examples of arcades by Vignola, because 
we have thought his orders and arcades of a higher finish than those of any other master ; 
but testing the hypothesis, which we intend to carry out by examples from Palladio, Sca- 
mozzi, and the other great masters of our art, not contemplated by Lebrun, the small 
differences, instead of throwing a doubt upon, seem to confirm it. 

2619. isifig, 898. we will now carry, therefore, the consideration of the weights and 
supports a step fiirther than Lebrun, by comparing them with the void space they sur- 
round, that is, the opening HBOCI ; and here we have the rectangle HBCI= HB x HI, 
that is, 6x4=24, and the semicircle BOC equal, as above, to ^^^^-^^ = 6 - 28 . Then 
24 + 6*28 = 30*28 is the area of the whole void, and the weight and support being 11-72 + 
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12=23*72, are a little more than two thirds the areas of the whole void ; a proportion 
which, if we are to rely on the approval of ages in its application, will be found near the 
limits of what is beautiful. 

2620. We shall now refer to the examples of Vignola alluded to ; but to save the repe- 
tition of figures in their numbers, as referred to, each case is supposed in what immediately 
follows as unconnected with the entablatures which they exhibit, it being our intention to 
take those into separate consideration. 

1 1 j 




Fig. 899. Fig. 900. 

2621. Suppose the Tuscan example {Jig. 899.) without an entablature, we have the 

Supports, 9*75 x 3 = 29*25 

The whole of rectangle above them, 4*25 x 9*5 = 40*375 
Less semi-arch, 

23*775 

* 53*025 solid parts. 

The area of the void is 16*6 + 9*75 x 6*5=79*97, whereof 53*025, the portion of solid 
part^ is not widely diflferent from two thirds. 

In Vignola’s Doric example, (Jig. 900.), a^in without the entablature, we have 


Supports, 10 '5x3 = 31 *50 

The whole rectangle above them, 5*5 x 10*0=55*00 
Less semi-arch, ^^ =19*24 

35*76 

67*26 solid parts. 

The area of the void is 1 9*24 + 10*5 x 7 =92*74, whereof 67*26, the portion of solid parts, 
is not much dififerent irom two-thirds. 


In the Ionic example {jig. 901.), still without considering the entablature, the following 
wUi result : — 

Supports, 12*64 X 2*66= 33*61 

The whole rectangle above them, 10*88 x 5*2 =56*57 


1 . , 6*4x6*4x7854 

Less semi-arcb, s =16*08 


40*49 


74*10 solid parts. 


The area of the void is 16*08 + 12*64 x 7*1 = 105*82, whereof 74*10, the portion of 
solid parts, differs little in amount from two thirds of the void. 
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In the Corinthian example {Jig. 902. ), not taking into consideration the entablature, the 
following is the result : — 

Supports, 14-11 X 9-55 = 50 09 

The whole rectangle above them, 11-33 x 5-88 = 66 -62 
Less semi-arch, ^23-65 

= 32-97 

83*06 solid parts. 

The area of the void is 23*65 + 14*1 11 x 7''76 = 133*15, whereof 83*06, the portion of 
solid parts, is somewhat less than two thirds of the void. 

2622. The result which flows from the above examination seems to be that, without 
respect to the entablature, the ratio of the solid part to that of the void is about *666. 
Bearing this in mind, we shall next investigate the ratio of the supports and weights, con> 
sidering the entablature above the arcade as a part of the composition ; and still following 
Vignola, whose examples, as we have above stated, do not so much differ from those of 
other masters as to make it necessary to examine those of each, we will begin with that 
architect’s Tuscan arcade, without pedestals, exhibited in Jiy. 899. on the preceding page. 
In this example, from centre to centre of pier. 

The whole area, in round numbers, 17*5 x 9*5 - - - =166*2 

Area of semi-arch, 2 ' - =16*6 

Rectangle under it, 9*75 X 6*5 - - =63*3 

Total void, therefore, =79*9 

86*3 

Entablature, 9*5 X 3*5 =33*2 

Leaves for the supporting parts - - - - - 53*1 

In this example, therefore, the supporting parts are 53, those supported S3, and the 
voids 79. The ratio between the solid and void parts =*9, and the ratio of the supports 
to the weights is |§= ‘62. 

Hie distance between the axes of the columns is 9 modules and 6 parts ; the height of 
the semi-arch, 3 modules and 3 parts ; and between the crown of it and the under side of 
the architrave is 1 module; the whole height, including entablature, being 17 modules 
and a half. 
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2623. Following the same general method, we submit the Doric arcade (Jiff. 900.) 
without pedestal. Measuring, as before, from centre to centre of piers, 

The whole area, in round numbers, 20*2 X 10 - - - = 202*0 

A p • i. 7 x 7x-7854 

Area of semi-arch ^ ■ - - = 19*2 

Rectangle under it, 10*5 x 7 - - =73*5 

Total void, therefore, = 92*7 
109*3 

Entablature, 10x4*2 - - - - - - 42*0 

Leaves for the supporting parts - - - - • 67 '3 


In this example, therefore, the supporting parts are 67, those supported 42, and the 
voids 92. The ratio between the solid and void parts is *85, and the ratio of the supports 
to the weights is ^ = *63. 

The distance between the axes of the columns is 10 modules, the height of the semi-arch 
is 3 modules and 6 parts, and between the crown of it and the underside of the architrave 
is 2 modules ; the whole height, including the entablature, being 20 modules parts. 

2624. The Ionic arcade, without pedestal, is shown in Jiff. 901 . The measurements, 
as above, from centre to centre of pier. 

The whole area, 22*64 x 10*88 in round numbers - , - =246*3 

. X- ♦ u 6‘4 x6*4x 7854 

Area of semi-arch, — 2 ' ‘ “ **16 1 

Rectangle under it, 12*64 X 7*1 - - =89*7 

Total void, therefore, =105*8 
140*5 

Entablature, 10*88x4*8 - • - - - . 52*2 

Leaves for the supporting parts - . . 1 ,. - 88 *3 

Hence, in the example, the supporting parts are 88, those supported 52, and the voids 
105; so that the ratio of the voids to the solids, in this order, is *8, and the ratio of the 
supports to the weights does not materially differ from the other orders, being *6. 

The distance between the axes of the columns is 10 modules 16 parts, the height of the 
semi-arch is 3\ modules 3 parts, and between the crown of it and the under side of the 
architrave is 2 modules ; the whole height, including the entablature, being 22 modules 
13^ parts. 

2625. Fiff. 902. represents the Corinthian arcade without pedestal. The measurement, 
as before, is from centre to centre of pier. 

The whole area, 25*2 x 11 *33, in round numbers - - = 288*5 

. « . , 7 76x7*76x*78M „ _ 

Area of semi-arcn, 2 = 23*6 

Rectangle under it, I4'll x 7*76 = 109*5 

Total voids, therefore, = 133*1 


. 155*4 

Entablature, 10*36 X 5*6 - - - - - - 58*0 

Leaves for the supporting parts - - - - - 97*4 

In the Corinthian example, therefore, the supporting parts are 97, those supported 58, 
and the voids 133. The ratio between the solid and void parts = *8, and the ratio of the 
supports to the weights i|=*59. The distance between the axes of the columns is 
11 modules and 6 parts, the height of the semi-arch is 3 modules 16 parts, and between 
the crown of it and the under side of the architrave is 2 modules 3| parts ; the whole 
height, including the entablature, being 25 modules 3^ parts. 

2626. The laws laid down by Chambers for regulating arcades are as follow : — “ The 
void or aperture of arches should never be much more in height nor much less than 
double their width ; the breadth of the pier should seldom exceed two thirds, nor be less 
than one third of the width of the arch, according to the character of the composition, 
and the angular piers should be broader than the rest by one half^ one third, or one fourth.” 
. . .*^ Tire height of the impost should not be more than one seventh, nor need it ever be 
less than one ninth of the width of the aperture, and the archivolt must not be more than 
one eighth nor less than one tenth thereof The breadth of the console or mask, which 
serves as a key to the arch, should at the bottom be equal to that of the archivolt, and 
its sides must be drawn from the centre of the arch. The length thereof ought not to 
be less than one and a half of its bottom breadth, nor more than double.” 
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2627. The ratios that have been deduced by comparing the void and solid parts, if there 
be any reason in the considerations had, show that this law of making arches in arcades of 
the height of 2 diameters is not empirical, the following being the results of the use of the 
ratios in the arcade without, and that with pedestal, of which we shall presently treat. Thus 
in the 

Diameters. Diameters. 

Tuscan arcade without pedestal, = 2*0; with pedestals,^^ = 1-84 

Doric arcade without pedestal, =2'0 — 2'00 

Ionic arcade without pedestal, =2*2 — j-j7Q~2*(X) 

18*00 25*0 

Corinthian arcade without pedestal, =s2*3 — j^=2 *08 

2628. In the examples of the arcades with pedestals, we shall again repeat the process by 
which the results are obtained, first merely stating them in round numbers. Fig. 903. is a 
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Tuscan arcade from Vignola’s example, as will be the following ones. In this the whole 
area is 306, omitting fractions, the area of the void is 1 56, that of the entablature 50 
and the supports 100. The ratio of the supported part (the entablature), therefore, 
^ and the supports and weights are very nearly equal to the void The height of 

the pedestal b almost 3 modules and 8 parts, the opening 9 modules 6 parts, and the 
width of the whole pier 4 modules and 3 parts. 

The detail of the above result b as follows : — 

The whole area, 22*30 X 13*75 - - - - =306*62 

A c • 9*5x9*5X'7a54 as ao 

Area or semi-arch, 5 ss 35*43 

Below that, 12*75 X 9*75 ” - =121*12 

Total voids, therefore, ~ 1 56 *55 


Entablature, 13*75x3*66 - 
Leaves for suppOTting parts 


150*07 
= 50*32 

99*75 
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It will be seen that we have taken the numbers in the preceding paragraph without supply-* 
ing strictly the decimal parts that arise from the multiplication and subtraction of the 
several portions compared. The coincidence of the hypothesis with the apparent law is no 
less remarkable in this example than it will be found in those that follow ; and, scep- 
tical as we at first were on the appearances which pointed to it, we cannot, after the ex- 
amination here and hereafter given, do otherwise than express our conviction that, in carry- 
ing out the principles, no unpleasant combination can result. 



2629. Fig. 904. exhibits the Doric arcade, whose whole area from centre to centre of 
columns is 374. The area of the void is 189, that of the entablature 62, and of the sup- 
porting parts 112. The ratio of the entablature to the supports is therefore f.^s=*55, and 
that of the supports and weights to the voids *9. The height of the pedestal is almost 
5 modules and 4 parts, the opening 10 modules, and the width of a pier 4 modules and 
9 parts. 

As in the preceding example, we think it will be useful to detail the process by which 
the general results stated have been arrived at. It is curious and interesting to observe 
the similarity between the cases. It is scarcely possible to believe that accident could 
have produced it. May not the freemasons of the middle ages have had some laws of this 
nature which guided their operations ? But we will now proceed to the calculation. 

The whole area, 25-4 X 14‘75 - - - - =374-65 

Area of semi-ych, ‘O j PxlO 0x-785« ^ 39-27 

Below that, 12-75 X 9-75 - =]50-00 

Total voids, therefore, - =189-27 

J 85*38 

Entablature, 14*75 X 4*25 - - - * - = 62*68 

Leaves for supporting parts ----- 122-70 

Herein, as before, the general result in the preceding paragraph has been given in round 
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numbers, that the mind of the reader may not be distracted from the general proportions. 
The detail again corroborates the hypothesis, as in the preceding subsection was predicated, 
and the further we proceed, as will be presently seen, its truth becomes more manifest. 
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Fig. 905. 

2630. The Ionic arcade with a pedestal is shown in /ig. 905. The whole area is 448 
between the axes of the columns ; that of tbe void, 228. The entablature’s area is 73, 
and the supporting parts 146. llie ratio, therefore, of the load to the support is -5, 
and supports and weights are very nearly equal to the void. The height of the pedestal is 
6 modules, the opening 11 modules, and the width of a pier 4 modules and 12 parts. 

Once more returning to the det^ on which the above proportions are based, and which 
in this as in the following example we think it better to supply, observing, as before, that 
the numbers above stated are given roundly, we shall have in the Ionic arcade, 


Whole area, 28-66 X 15-66 - 

A r • llxnx-785* 

Area of semi-arcb, 2 

= 47-01 

= 448-81 

Below it, 16*5 x 11 

= 181-50 



Total area of voids, therefore, 

= 228-51 

Entablature, 15 -66 x 4*7 

- - - . 

220-30 
= 73-50 

lieaves for supporting parts - 

- 

146-80 


Whence it will be seen that the round numbers first given are shown to be sufficiently 
accurate for exemplification of the law, and that the further we examine the hypothesis the 
more closely we find it connected with the theory of weights and loads that has occupied a 
very considerable portion of this Book, and which we hope may not have had the effect of 
exhausting the reader’s patience. We trust we shall have his pardon for pursuing the course 
we have token. 
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rig, 906. 

2631. Fig. 906. is an arcade with pedestals of the Corinthian order. Its total area is 
528, that of the void 284, the area of the entablature 84, and that of the supporting 
parts 159. Hence, the ratio of the load to the support is ‘52, and the supports and 
weight are equal in area to the void within a very small fraction. The height of the 
pedestal is 6| modules, the opening is 12 modules wide, and the width of a pier is 
4 modules and 9 parts. 

We here close the curious proofs of a law whose existence, we believe, has never been 
suspected by modem architects. It was clearly unknown to Rondelet, and but for the 
work of Lebrun already quoted, we might never have been led to the investigation of it. 
That author himself, as we believe, did not entertain any notion of it. 

In the Corinthian arcade with pedestal we have 

Whole area, 32 X 16-5 ------ =528-00 

Area of semi-arch, 56-05 

Below it, 19 X 12 - =228 00 

Total area of voids, therefore, = 284 '05 

243-95 

Entablature, 16‘5x5*09 - - - - - = 84*10 

Leaves for supporting parts ----- 159*85 

Thus, again, the law seems to be borne out, and to prove that the assumptions we have 
been making are not those of empiricism. 

2632. In jig. 907. are collect^ the imposts and archivolts used in the arcades of the 
different orders. 
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2633. We are not of the opinion of Sir William Chambers in the arcades 

which Vignola has given ; that author bad not, we think, critically their compo- 

sition, and we confess we do not think his own examples are impruvt'^^'ints on those of the 
master in question; but we are willing to admit that in the of arcades with 

pedestals, they would have been much improved by assigning a height generally 

to the plinths of the pedestals, which are, doubtless, much too lo** might be well 
augmented by adding to them a portion of the dies of the pedestals^ 

2634. Great as is our admiration of Palladio, we do not think it to say more 

relative to his arcades, than that he has given only designs of >Bvnh pedestds, and 


that their height is from one and two thirds to two and a half of vidth. His piers 

are generally 3^ modules, except in the Composite order, wherein ire 4| modules. 

2635. Scamozzi makes his Tuscan arch a little less than double increasing the 

height gradually to the Corinthian arch with pedestals to nearly a.rid a half the 

width. He diminishes his piers as the delicacy of the order His Corinthian 

piers being only 3| modules in width. We do not, however, thinic necessary to dwell 
longer on this part of the subject, and shall close it by observing^ the impost of the 

arch should not much vary from half a module in height, and the width of the 

archivolt, which should touch the shaft of the column or pilaster jn geometrical ele- 
vation, at its springing, is necessarily prescribed by the width of pier setting out the 

column upon it. Where columns are used on piers, their projection that the most 

prominent member of the impost should be in a line with the axij^ I’f -tb; colunin on the 
transverse section- In Ionic, Composite, and Corinthian arcades, it may project 

a little beyond the axis of the columns, to avoid the disagreeable i’*^^utions which are 
otherwise rendered necessary in the capitals. Arcades should profo'^ ipt>t less than their 
width from the front of the wall which backs them.” With regarcl itlfeb- interior deco- 
ration,” says Chambers, “ the portico may either have a fiat ceiiin? arehed in va- 
rious manners. Where the ceiling is flat, there may be on the baclt' piers, pilatsters 

of the same kind and dimensions with the columns on their fronts ~ Sn? which pilsmsters 
there must be others like them on the back wall of the portico. projection as well 

as that of those against the back of the piers may be from one sixth quarter of their 

diameter. These pilasters may support a continued entablature, u*' interrupted and 
running across the portico over every two pilasters to form cofl'ers ; tie architrave and 
fri^e only may be continued, while the cornice alone is carried ach-o'*' portico over the 
pilasters as before, and serves to form compartments in the ceiling, ast i> d^nc in the vestibule 
of the Massini pdace at Rome, and in the great stable of the Kir^^' ntar Charing 

Cross,” — no longer inexistence, having been destroyed to make ca its site for the 

execrable mass of absurdity to which the government who sanctioi^^ it have facetious! v 
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given the name of National Gallery. Chambers thus continues : — “ Where the portico 
is arched, either with a semi-circular or elliptical vault, the backs of the piers and the 
inner wall of the portico may be decorated with pilasters, as is above described, supporting 
a regular continued entablature, from a little above which the arch should take its spring, 
that no part of it may be hid by the projection of the cornice. The vault may be enriched 
with compartments of various regular figures, such as hexagons, octagons, squares, and 
the like, of which, and their decorations, several examples are given among the designs 
for ceilings.” Of these we shall hereafter give figures in the proper place. “ But when 
the vault is groined, or composed of flats, circular or domical coves, sustained on pen- 
dentives, the pilasters may be as broad as are the columns in front of the piers, but they 
must rise no higher than the top of the impost, the mouldings of which must finish and 
serve them instead of a capital, from whence the groins and pendentives are to spring, as 
also the bands or arcs-douhleaux which divide the vault.” 

2636. In the examples of arcades, we have followed those given by Chambers, as ex- 
hibiting a variety which may be instructive to the student, and at the same time afford 
hints for other combinations. Fig. 908. is one of the compositions of Serlio, and is an 



expedient for arching in cases where columns have been provided, as in places where the 
use of old ones may be imposed on the architect. The larger aperture may be from 
4^ to 5 diameters of the column in width, and in height double that dimension. Tlie 
smaller opening is not to exceed two thirds of the larger one, its height being determined 
by that of the columns. Chambers thinks, and we agree with him, that this sort of dis- 
position might be considerably improved by adding an architrave cornice or an entablature 
to the column, by omitting the rustics and by surrounding the arches with archivolts. It 
is not to be inferred, because this example is given, that it is inserted as one to be followed 
except under very peculiar circumstances. Where an arrangement of this kind is adopted, 
care must be used to secure the angles by artificial means. 

2637. Fig. 909. is given from the cortile of the castle at Caprarola by Vignola, a struc- 
ture which in the First Book of this work we have (346. ) already mentioned. The height of 
the arches is somewhat more than twice their width. i rom the under side of the arch to 
the top of the cornice is one third of the height of the arch, the breadth of whose pier is 
equal to that of the arch, and the aperture in the pier about one third of its breadth. 

2638. A composition of Bramante, executed in the garden of the Belvedere at Rome, is 
given at 910. The arch in height is somewhat more than twice its width, and the 



Fig. 910. 
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breadth of the pier equal to the opening. By dividing the latter into twelve parts we 
have a measure which seems to have prevailed in the mind of the architect, inasmuch as 
two of them will measure the parts of the pier supporting the archivolts, four the space 
for the two columns, two for the intervals between the niche and the columns, and four for 
the niche. Half the diameter of the arch measures the height of the pedestal ; the columns 
are of the height of ten diameters, and their entablature one quarter of the height of the 
columns. The impost and archivolt are each equal to half a diameter of the column. 

26‘^9. Fig. 911. is an example whose employment is not uncommon in the designs of 
Palladio, and was considered by our great countryman Inigo Jones to be worthy of his 
imitation. The arch may be taken at about twice its width, and the pier not less than 
one nor more than two thirds of the width of the aperture. 



2640. The example in Jig. 912, is from the hand of Vignola, and was executed for on 2 
of the Borghese family at Mondragone, near Frascati. In it the arch is a little more 
in height than twice its width, and the breadth of the pier columns supporting the arch 
include a little less than the width of the arch itself. We are not quite satished in having 
here produced it as an example, though, compared with the following one, we scarcely 
know whether we should not on some accounts prefer it. 

2641. Hie last, example (_Jig. 91. ‘1.) is one by that great master, Palladio, from the basilica 
at Vicenza. From the figure it is impossible to judge of its beauty in execution, neither 
can any imitation of it, unless under circumstances in every respect similar, produce the 
sensation with which the building itself acts on the spectator ; yet in the figure it appears 
meagre and nothing worth. We can therefore easily account for the conduct of the critics, as 
they are called, who, never having seen this master’s works, indulge in ignorant speculations 
of the pictorial effects which his compositions produce. Though not entirely agreeing 
with Chambers in his concluding observations on arcades and arches, we may safely 
transfer. them to these pages. “ The most beautiful proportion,” he observes, “ for com- 
positions of this kind is, that the aperture of the arch be in height twice its width ; that 
the breadth of the pier do not exceed that of the arch, nor be much less ; that the small 
order be in height two thirds of the large c<Jumns, which height being divided into nine 
parts, eight of them must be for the height of the column, and the ninth for the height of 
the architrave cornice, two fifths of which should be for the architrave and three for the 
comice. The breadth of the archivolt should be equal to the superior diameter of the 
small columns, and the keystone at its bottom must never exceed the same breadth. ’’ 


Sect. XI. 

ORDERS ABOVE ORDERS. 

2642. Vitruvius, in the fifth chapter of his book “ On the Forum and Basilica,” in both 
which species of buildings it is well known that orders above orders were employed, thus 
instructs his readers: — “ 'The upper columns are to be made one fourth less than those 
below” (^quarta parte minores quam inftriores sunt constitvendiL^, “ and that because the latter, 
being loaded with a weight, ought to be the stronger j because, also, we should follow the 
practice of nature, which in straight-growing trees, like the fir, cypress, and pine, makes 
the thickness at the root greater than it is at top, and preserves a gradual diminution 
throughout their height. Thus, following the example of nature, it is rightly ordered that 
bodies which are uppermost should be less than those below, both in respect of height and 
thicknes.s.” It is curious that the law thus ^ven produces an exactly similar result 10 that 
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laid down by Scainozzi, p. 2, lib. v. cap. ii., whereon we shall have more presently to speak. 
Oaliiani, Chambers, and others have considered the above-quoted passage of Vitruvius in 
connection with another in chap. vii. of the same book, which treats of the portico and other 
parts of the theatre, wherein the author states, after giving several to this question unim- 
portant details, “ TTie columns on this pedestal” (that of the upper order) “ are one fourth 
less in (quarta parte minores altitudine sint) “than the lower columns.” The reader 

will here observe the word altitudine is introduced, which does not appear in the passage 
first quoted ; and we beg him, moreover, to recollect that the last quotation relates entirely 
to the scene of the ancient theatre, in which liberties were then taken with strict architec- 
tural proportion as much as they are in these later days. Those who think that because 
Vitruvius interlarded his work with a few &bl», he is therefore an author not worth 
consulting, as ephemeral critics have done in respect of that great master of the art, Pal- 
ladio, may opine we have wasted time in this discussion ; but, adopting the old maxim of 
Horace, “ Non ego paucis offendar maculis,” we shall leave them to the exposure which, 
with the instructed architect, their own ignorance will ultimately inflict on them, and to 
tlie enjoyment of the felicity attendant on a slight knowledge of the subject a person is in 
the habit of handling. 

2643. We will now place before the student our own reading and explanation of the 
passage of Vitruvius relative to the use of orders above orders, and attempt 
to show what we conceive to be its real meaning. In Jig. 91 4. the diagram 
exhibits an Ionic placed above a Doric column : the entablature (which 
however does not belong to the consideration) being in both cases one 
fourth of the height of the column. Inasmuch as in our previous rules 
(following Vignola) it will be recollected that the module of the Doric 
order is subdivided into twelve, whilst that of the Ionic is subdivided into 
eighteen parts, we must, for the purpose of obtaining an uniformity of 
measures in both orders, reduce those of either to the other to obtain si- 
milar dimensions. Instead, therefore, of measuring the upper order by itself, 
which would not afford the comparison sought, we shall have to reduce 
its established measures to those of the lower one, or Doric, and this, as 
well as the measurement of the lower order itself, is taken in modules and 
decimal parts of its semi<flameter. Thus, the lower order being 2 modules 
at its bottom diameter and i *666 modules at its upper diameter, the 
mean, without descending to extreme mathematical nicety, may be taken 
at 1 ‘833, which multiplied by the height, 18 modules » 32*994, the area of 
a section through the centre of the column. Now if the upper columns 
are to be the same thickness at the bottom as the lower ones are at the top, 
tliat is, 1 '666 module of the lower order, their upper diameters will be 1 '.387 
(that is, five sixths of the lower diameter), and the mean will be 1 .526, 
which, multiplied by 16, the height, = 24*416 the area of a section down 
the centre of the column, and just one fourth less than that of the lower 
column. The investigation tends to show us that we should not lightly 
treat the laws laid down by Vitruvius and his followers at the revival of 
the art^ for we may be assured that in most cases tht y are not empirical, 
but founded on proper principles. We cannot, however, leave this point 
without giving another reason, which is conclusive against Chambers's 
construction of the passage ; it is, that supposing the upper column’s lower 
diameter to be the same or nearly so as the lower column’s upper diameter, 
if the fourth part had relation to the height instead of the bulk, we should have had the 
absurdity in the illustration above given, of an Ionic column in the second order only 
six and three quarters diameters high, whilst the lower or Doric is nine diameters in height. 

2644. Scamozzi, we doubt not, thought as we have expressed ourselves on this subject, and 
we here translate the words he uses in the eleventh chapter of his sixth book (second part), 
“ Hence it is more satisfactory, and they succeed better and are more pleasing to the eye, 
when these columns (the upper ones) are made according to their proper diminution, so 
that the lower part of the upper column may be just the thickness of the upper part of the 
lower one, and so from one to the other, as may be seen in the Ionic order of the Theatre 
of Marcellus and other edifices ; and this is the reason and natural cause that it is the same 
as though out of a long and single tree the shafts were cut out one after the other.” 

2645. The laws of solidity seem to require that where more than one order is used, the 
strongest is to occupy the lower situation ; thus the Doric is placed on the Tuscan, the 
Ionic on tlie Doric, the Corinthian on the Ionic, and the Composite on the Corinthian ; 
though, with respect to the last, we find examples of importance wherein the reverse has 
been the case. Two tiers of columns should not be of the same order, neither should an 
intermediate order be omitted ; such, for instance, as placing the Ionic on the Tuscan 
column, or the Corinthian on the Doric ; for by this practice many irregularities are 
introduced, especially in the details of the members. 
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2646. Frontwwe the axes of the upper and lower columns must be in the same vertical 
plane, but viewed in flank this is not absolutely necessary ; they should not, however, deviate 
too much from it. In the theatre of Marcellus the axes of the upper columns are nearly a 
foot within those of the Doric below them ; but circumstances required this, and there is 
no great objection to the practice if the solidity of the structure be not lessened by it. 
Chambers observes that the retraction should never be greater than at the theatre of 
Marcellus, where the front of the plinth in the second order is in a line with the top of the 
sh^ in the first. When the columns are detached, they should be placed centrally over 
each other, so that the axes of the upper and under ones may form one continued line, by 
which means solidity is gained as well as a satisfactory result to the eye. As to the false 
bearings of th€? bases of the upper order on the profile, this is a matter neither really affect- 
ing stability nor the appearance of the design. 

2647. In England there are not many examples of orders above orders, while on the 
Continent the practice has not been uncommon ; but it is always a matter of great difficulty 
so to arrange them as to avoid irregularities where triglyphs and modiUions in the same 
design meet in the composition. We have used the figures of Chambers for our illustration 
here, because they are nearly coincident with the rules of Vitruvius and Scamozzi, and we 
shall now place them before the reader, observing that the irregularities alluded to are 
almost altogether avoided. 



2648. Fig. 915. exhibits the Doric over the Tuf 'an order. The intervals A, B, and C 
are respectively 2J, 4^ and 6^ modules ; and A', B', and C', S, 5^ and 8 modules of their 
order. The entablature of the lower order is modules, the column, including base 
and capital, being 14 modules high ; and the entablature of the upper order is 4 modules 
high, the column with its base and capital being 16 modules in height. 

2649. The distribution of the Doric and Ionic orders is given in Jig. 916., wherein the 
intervals A, B, and C are respectively 3, 5^, and 8 modules ; D, *7 module; and A', B', C', 
and D' respectively 4, 7, 10, and modules. The Doric order in this example is 20 
modules high, whereof 4 are assigned to the entablature ; the Ionic 22 modules high, 
whereof 4 belong to the entablature, 

2650. In Jig. 917. is represented the •Corinthian above the Ionic order; the intervals 
A, B, C, D are respectively 5, 6, 7, and 1 modules, and those of A', B', C', D' respectively 
6*4, 7*6, 8*8, 1 '6 modules ; the lower order is 22i modules high, 18 being given to the 
column with its base and capital ; and the upper or Corinthian order is 24J modules high, 
whereof 20 belong to the height of the column, including its base and capital. 

2651. The last {Jig. 918.) is of the Corinthian order above and Composite below. In 
the lower order the intervals A, B, C, D are 4§, 6, 7, and 1^ modules respecti^^ely, and 
A.', B', C', and D', in the upper order, 6, 7*6, 8*8, and 1*6 modules respectively. The 
whole height of the Corinthian order is 25 modules, whereof 5 are given to the entablature ; 
the Composite order here is 24J modules, of which 20 belong to the column, including the 
base and capital. 

2652. We insert the observations of Chambers relative to the above four figures, which, 
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as we have adopted them, shall be in his own words. “ Among the intercolumniations 
there are some in the second orders extremely wide, such as the Ionic interval over the 
Doric arsBOstyle ; the Composite and Corinthian intervals over the Ionic and Composite 
araeostyle, which, having a weak meagre appearance, and not being sufficiently solid, 
excepting in small buildings, are seldom to be suffered, and should seldom be introduced. 
The most eligible are the eustyle and diastyle for the first order, which produce nearly 
the diastyle and arsostyle in the second.” Speaking of the use of pedestals in orders 
above orders, the author thus proceeds: — Many architects, among which number are 
Palladio and Scamozzi, place the second order of columns on a pedest^. In compositions 
consisting of two stories of arcades this cannot be avoided, but in colonnades it may and 
ought ; for the addition of the pedestal renders the upper ordoiinance too predominant, and 
the projection of tho pedestal's base is both disagreeable to the eye and much too heavy a 
load on the inferior entablature. Palladio, in the Barbarano palace at Vicenza, has placed 
the columns of the second story on a plinth only, and this disposition is best ; the height of 
the plinth being regulated by the point of view, and made sufficient to expose to sight the 
whole base of the column. In this case the balustrade must be without either pedestals or 
half balusters to support its extremities, because these would contract and alter the form 
of the column ; its rail or cap must be fixed to the shafts of the columns, and its base made 
level with their bases ; the upper torus and fillet of the columns being continued in the 
interval, and serving as mouldings to the base of the balustrade. The rail and balusters 
must not be clumsy ; wherefore it is best to use double-bellied balusters, as Palladio has 
done in most of his buildings, and to give the rail a very little projection, that so it may 
not advance too far upon the sur&ce of the column, and seem to cut into it. In large 
buildings the centre of the baluster may be in a line with the axis of the column ; but in 
small ones it must be within it, for the reason just mentioned. The height of the balus- 
trade is regulated in a great measure by its use, and cannot well be lower than three feet, 
nor should it be higher than three and a half or four feet. Kevertheless, it must neces- 
sarily bear some proportion to the rest of the architecture, and have nearly the same relation 
to the lower order, or whatever it immediately stands upon, as when a b^ustrade is placed 
thereon chiefly for ornament. Wherefore, if the parts are large, the height of the balustrade 
must be augmented, and if they are small it must be diminished ; as b done in the Casino 
at Wilton, where it is only two feet four inches high, which was the largest dimension that 
could be given to it in so small a building. But that it might, notwithstanding its lowness, 
answer the intended purpose, the pavement of the portico is six inches lower than the bases 
of the columns, and on a level with the bottom of the plat-band that finishes the basement.” 

We must here leave this subject, recommending the student to an intimate acquaintance 
with the various examples that have been execute^ and further advising him to test each of 
the examples that may fall under his notice by the principles first adverted to in this section, 
as the only true means of arriving at a satisfoctory result. 
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Sect. XII. 

ABCADES ABOVE ARCAOES. 

2653. As the disposition of one arcade upon another is, under certain regulation^ subject 
to the same laws of voids and solids as the simple arcade of one story, which has formed the 
subject of a previous section, we shall no further enter into the rules of its combination 
than to oiler a few general observations on the matter in question ; and herein, even with 
the reproach of a want of originality, we shall draw largely on our much-quoted author. 
Chambers, who^ language and figures we are about to use. So sound, indeed, is the 
doctrine of Chambers in this respect, and so well founded on what has been done by those 
whom we consider the greatest meters, that we should not be satisfied without transferring 
his dicta to these pages, and that without any alteration. 

2654. “The b^t,” says Chambers, “an^ indeed, the only good disposition for two 
stories of arcades, is to raise the inferior order on a plinth, and the superior one on a 
pedestal, as Sangallo has done at the Pallazzo Farnese ; making both the ordonnances of 
an equal height, as Palladio has done at the Basilica of Vicenza.’* 

2655. “ Scamozzi, in the thirteenth chapter of his sixth hook, says that the arches in the 
second story should not only be lower, but should also be narrower, than those in the first ; 
supporting his doctrine by several specious arguments, and by the practice, as he says, of the 
ancient architects in various buildings mentioned by him. In most of these, however, the 
superior arches are so far from being narrower, that they are either equal to or wider than 
the inferior ones. In fact, his doctrine in this particular is very erroneous, entirely con- 
trary to reason, and productive of several bad consequences ; for if the upper arches be 
narrower than the lower ones, the piers must of course be broader, which is opposite to 
all rules of solidity whatever, and exceedingly unsightly. The extraordinary breadth of 
the pier on each side of the columns in the superior order is likewise a great deformity ; 
even when the arches are of equal widths it is much too considerable. Palladio has, in the 
Caritd at Venice, and at the Palazzo Thiene in Vicenza, made his upper arches wider than 
the lower ones, and I have not hesitated to follow his example ; as by that means the 
weight of the solid in the superior order is somewhat diminished, the fronts of the upper 
piers bear a good proportion to their respective columns, and likewise to the rest of the 
composition.” 

2656. “ In a secoud story of arcades there is no avoiding pedestals. Palladio has, 
indeed, omitted them at the Carita, but his arches there are very ill proportioned. Ibe 
extraordinary bulk and projection of these pedestals are, as before observed, a considerable 
defect; to remedy which in some measure they have been frequently employed without 
bases, as in the theatre of Marcellas, on the outside of the Palazzo Thiene, and that of the 
Chiericato in Vicenza. This, however, helps the matter but little ; and it will be best to 
make them al ways with bases of a moderate projection, observing at the same time to 
reduce the projection of the bases of the columns to ten minutes only, that the die may be 
no larger than is absolutely necessary ; and in this case particular care must be taken not 
to break the entablature over each column of the inferior order, because the &lse bearing 
of the pedestal in the second order will by so doing be rendered &r more striking, and in 
reality more defective, having then no other support tlian the projecting mouldings of the 
inferior comice. There is no occasion to raise the pedestals of the second order on a 
plinth, for as they come very forward on the comice of the first order, and as the point 
of view must necessarily be distant, a very small part only of their bases will be hid from 
the eye.” 

2657. “ The balustrade must be level with the pedestals supporting the columns ; its 
rail or comice and base must be of equal dimensions, and of the same profile with theirs. 
It should be contained in the arch and set a.s &r back as possible, that the form of the arch 
may appear distinct and uninterrupted from top to bottom ; for which reason, likewise, the 
cornice of the pedestals must not return nor profile round the piers, which are to be con- 
tained in straight perpendicular lines from the imposts to the bases of the pedestals. The 
back of Bie r^ may either be naade pl^ or sunk into a panel in form of an open surbase, 
for so it will be most convenient to lean upon, and it should be in a line with or somewhat 
reces^d within the backs of the piers. The b^k part of the balustrade may be adorned 
with the same mouldings as the bases of ike piers, provided they have not much projec- 
tion ; but if that should be considerable, it will be best to use only a plinth crowned with 
thcrtwo upper mouldings, that so the approach may remain the more free.” 

2658. In Jig. 919. is a Doric above a Tuscan arcade, from the example given by 
Chambers, whereon, before ^ving the dimensions of the different parts, we shall merely 
observe of it that the voids or arcades them^lves are in rou^d numbers to the solids as 295 
to 205, being vastly greater. We are inclined to think that the voids in this case are rather 
too great in volume, and that, had they been reduced to one half their height exactly, the 
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proportions would have been somewhat more pleasing. It is 
true that a trifling irregularity would have been introduced 
into the triglyphs of the upper order, or rather the metopae 
between them ; but that might have been easily provided against 
by a very trifling alteration in the height of the frieze itself. 
'!^is fault of making the voids too large pervades Chamberses 
examples, and but that we might have been thought too pre- 
suming we should have slightly altered the proportions, little 
being requisite to bring them imder the laws which we have 
thought to be founded on reason and analogy. We have indeed 
throughout this work refrained from giving other than approved 
examples, preferring to conflne ourselves to observations on 
them when we have not considered them faultless. 

2659. In the figure the clear width of the lower arcade is 
7§, and its height 14J modules. The width of each pier is 1 
module. Of the upper arcade the width is 9^, and the height 
18*233 modules. The width of the piers is module each. 
The height of the plinth of the lower order is IJ module, that 
of the column, including base and capital, 14^ modules, the 
entablature 3^. The height of the pedestal of the upper order 
is 3*733 modules, of the column with its l»se and capital 16, 
and of the entablature 3*733 modules. In the proportions 
between the voids and solids above taken the balustrade is not 
considered as a solid, because, in fact, it is nothing more than 
a railing for the protection of those using the upper story. 
As we have expressed our desire to give the examples of others 
rather than our own, we feel bound to recommend the student 



Fig. 919. 


to set up the diagram in question, with the simple alteration of reducing the solids 
nearly to an equality with the voids, which may be done with suflBcient accuracy by as- 
signing to the lower arcade a module less in width than Chambers has done : and we 


venture to say that be will be surprised at the difference, as regards grace and elegance, 
which will result from the experiment. It is to be understood that no change is proposed 
in the other dimensions of the ordonnance, the width of piers, orders, entablatures, all re- 
maining untouched. 


2660. In fig. 920. we give another example from Chambers, which, in our opinion, 
requires a rectification to bring it into proper form. Herein the Ionic is used above 
the Doric arcade, and the voids to the solids are as 3*33 to 2*98, being much more 
than equal to them. In this, as in 

the former example, we should have i J 

preferred a greater equality between |i/ Q 

the solids and voids, though in that 

under consideration there is a nearer in[8iiaagliaiillilli8!^ 

2661. In the li^re the clear width 

of the lower arch is 8J, and its height [T [T! 1 

16^ naodules ; the width of each pier i ' 

is 1 module. Of the upper arcade i j : ' [ ' ■ 

the width is lOJ, and the height 20J ' T ^ ^ 

modules. The width of the piers is ! i ' 

IJ module each. The height of the i i 

plinth of the lower order is module i ; 

that of the column, including the base , = ^ J_ , _L 

and capital, 1 6J modules, and of the ' uNKIIIoiilkyih! 

entablature 4 modules. The height f -I , : llpflflflaQQQQfl I I 

of the pedestal of the upper ordS 4 t I, . 

modules, of the column, including ^ [J L l Ll Ll 13 j- X 

base and capital, 18 modules, and — J L ^ ^ ^ ^ 

the entablature 4, and of the balus- | 

trade above it .81. i ^ ^ I ^ ■ 

2662. The dimensions of the Ionic i K ^ i C ^ ; 

and Corinthian arcades in Jig. 921 . i” "■ •' 

are as follow : — Clear width of | ! i 

lower arch 9 modules, its height 1 81 ' ! ' 

modules. The width of each pier is I ! I I 

1 mi^ule. Of the upper arcade the y. , 

width of an arch 1 Si modules, audits I'^h (T^l 1 

height 23 modules. The width of _ “ ' 
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the piers is module each. The height of the plinth to the lower order is 1§ module ; 
of the column, including base and capital, 1 8 modules ; the 
entablature modules. The pedestal of the upper order 
is 41 modules high ; column, including base and capital, 20 
modules ; entablature 4l modules ; and, lastly, the balus- 
trade is 3f modules in height. 

2663. Fig. 922. is an arrangement adopted by Palladio 
in his basilica at Vicenza, being the dimensions, or nearly, 
of the arcades on the flanks. The intermediate ones are 
much wider. In the basilica, however, the entablature 
breaks round the columns of the orders. The width 
between the axes of the columns of the lower order is 15 
of their modules. The arch is 15 modules high and 
wide. The order wherefrom the arch springs is 10| modules 
high ; from axis to axis of the small columns in the lower 
arcade is 9 modules. The height of the plinth is 1^ module, 
of the principal columns, including bases and plinths, 16 J 
modules, and of their entablature 4 modules. In the upper 
arcade the distance between the axes of the principal 
columns is 18 of their modules. Their pedestals are 4 
modules high, the columns, including bases and capitals, 18 
modules, and entablature 4 modules high. The width of the 
arch is 9| modules, and its height 20| modules. The height 
of the small columns is 1 1 ‘733 modules high, including 
their entablature. 

2664. The use of arcades above arcades seems from its 
nature almost conflned to public buildings, as among the 
ancients to their theatres and amphitheatres. In the in- 
terior quadrangles or courts of palaces they have been much employed on the Continent, 
and in the magnificent design made by Inigo Jones for the palace at Whitehall are to 
be found some very fine examples. 



Sect. XIII. 

BASEMENTS AND ATTICS. 

2665. When the order used for decorating the fa 9 ade of a building is placed in the middle 
or second story, it is seated on a story called the basement. The proportion of its height to 
the rest must in a great measure depend on the use to which its apartments are to be 
appropriated. “ In Italy,” observes Chambers, “where their summer habitations are very 
frequently on that floor, the basements are sometimes very high. At the palace of Porti, 
in Vicenza, the height is equal to that of the order placed thereupon ; and at the Thiene, 
in the same city, its height exceeds two thirds of that of the order, although it be almost 
of a sufficient elevation to contain two stories ; but at the Villa Capra, and at the Loco 
Aisieri, both near Vicenza, the basement is only half the height of the order ; because in 
both these the ground floor consists of nothing but offices.” It may hence be gathered that 
no absolute law can be laid down in reference to the height of a basement story. Yet we may 
state, generally, that a basement should not be higher than the ordef it is to support, for it 
would in that case detract from the principal part of the composition, and, in fact, would be 
likely to interfere with it. Besides which, the principal staircase then requires so many steps 
that space is wasted for their reception, « Neither,” says Chambers, “ should a basement 
be lower than half the height of the order, if it is to contain apartments, and consequently 
have windows and entrances into it ; for whenever that is the case the rooms will be low, 
the windows and doors very ill formed, or not proportional to the rest of the composition, 
as is observable at Holkham : but if the only use of the basement be to raise the ground 
floor, it need not exceed three, four, or at the most five or six feet in height, and be in the 
form of a continued pedestal.” 

2666. Basement stories are decorated generally with rustic work of such various kinds, 
that we fear it would be here impossible to describe or represent their varieties. Many 
are capriciously rock-worked on their surface, others are plain, that is, with a smooth sur- 
face. The height of each course, including the joints, should on no account be less than 
one module of the order which the basement supports ; their length may be from once and 
a half to thrice their height. As respects the Joints, the^ may be square or chamfered 
off. When square joints are used, they should not be wider than one eighth part of the 
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height of the rustic itself, nor narrower than one-tenth, their depth not exceeding their 
width. When the joints are chamfered, the chamfer should be at an angle of forty-five 
degie^ and the whole width of the joint from one third to one fourth of the height of the 
rustic. 

2667. The courses are sometimes (often on the Continent) laid without showing vertical 
joints ; but, as Chambers says, this “ has in general a bad appearance, and strikes as if the 
building were composed of boards rather than of stone. Padladio’s method seems ^ pre- 
ferable, who, in imitation of the ancients, always marked both the vertical mid the hori- 
zontal joints ; and whenever the former of these are regularly and artfully d»p<»ed, the 
rustic work has a very beautiful appearance.” We shall presently make a few remarks on 
the subject of rustics ; but here, to continue and finish that more immediately under con- 
sideration, have to add, that when a high basement is used, it is not imcommon to crown it 
with a comice, as may be seen in 909. ; but the more common practice is to use a plat- 
band only (as in^^. 91 1.), whose height should not be greater than that of a rustic exclu- 
sive of the joint. Of a similar height should be made the zoccolo or plinth ; but this may, 
and ought, perhaps, to be somewhat higher. When arches occur in basements, the plat- 
band, which serves for the impost, should be as high as a course of rustics, exclusive of the 
joint ; and if the basement be finished with a cornice, such basement should have a regularly 
moulded base at its foot ; the former to be about one thirteenth of the whole height of the 
basement, and the base about one eighteenth, without the plinth. 

2668. The Attic — which is used instead of a second order where limits are prescribed 
to the height of a building, examples whereof may be seen at Greenwich Hospital, and in 
the Valmarano palace, by the great Palladio, at Vicenza — should not exceed in height 
one-third of the order whereon they are placed, neither ought they to be less than one 
quarter. Bearing some resemblance to a pedestal, the base, die, and cornice whereof they 
are composed may be proportioned much in the same way as the respective divisions of 
their prototypes. Uliey are sometimes continued without, and sometimes with, breaks 
over the column or pilaster of the order which they crown. If they are formed with 
pilasters, such ought to be of the same width as the upper diameter of the order under 
them, never more. In projection they should be one quarter of their width at most. 
They may be decorated with sunk moulded panels if necessary •, but this is a practice 
rather to be avoided, as is most especially that of using capitab to them — a practice much 
in vogue in France under Loub XV. 

2669. We now return to the subject of the rocK-worked rustic, whereof, above, some 
notice was promised. The practice, though occasionally used by the Romans, seems to have 
had its chief origin in Florence, where, as we have in a former Book (329.) observed, each 
palace resembled rather a fortification than a private dwelling. Here it was used to excess ; 
and if variety in the practice is the desire of the student, the buildings of that city will 
furnish him with an almost infinite number of examples. The introduction of it gives a 
boldness and an expression of solidity to the rustics of a basement which no other 
means afford. In the other parts of Italy it was sparingly applied, but with more 
taste. Vignola and Palladio seem to have treated it as an accident productive of great 
variety rather than as a means of decoration. The- last-named architect has in the Palazzo 
Thiene carried it to the utmost extent whereof it is susceptible. Yet, with this extreme 
extent of application, the design falls from his hands full of grace and feeling. To imitate 
it would be a dangerous experiment. De Brosse failed at the Luxembourg, and produced 
an example of clumsiness which in the Palazzo Pitti does not strike the spectator, 

2670. Rustics and rockwork on columns are rarely justifiable except for the purpose of 
some particular picturesque effect which demands their prominence in the scene, or street 
view, as in the gateway at Burlington House in Piccadilly, — a splendid monument of the 
great talent of Lord Burlington. 


Sect. XIV. 

PILASTERS. 

2671. Pilasters, or square columns, were by the Romans termed ante, by the Greeks 
parastatce. This last word implies the placing one object standing against another, a suffi- 
ciently good definition of the word, inasmuch as in ninety-nine cases out of a hundred they 
are engaged in or backed against a wall, or, in other words, are portions of square columns 
projecting from a wall. 

2672. It b usual to call a square column, when ^together disengaged from the wall, 
a piUar or pier ; and we are inclined to think, notwithst^ding the alleged type of trees, 
that the primitive supports of stone buildings were quite as likely to have been square 
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as round, and tiiat the inconyenlence attendant upon square angles may have led Uie 
earliest builders to round off the comers, and gradually to l»ing them to a circular plan. 
Isolated pillars are rarely found among the examples left us by the ancients ; the little 
temple at Trevi furnishes, indeed, an example, but not of the best period of the art. 'Hie 
prindpal points to be attended to in their use are their projection^ dinunution, the mode 
of uniting the entablature over them with that of their columns, and their flutings and 
capitals. 

2673. In respect of the projection pilasters, Perrault says they should project one hal^ 
and not exceed that by more than a sixth, as in the frontispiece of Nero, unless circumstances 
require a different projection. The pilasters of the Pantheon project only a t^th part of their 
width ; and sometimes, as in the forum of Nerva, they are only a fourteenth part. But when 
pilasteis are to receive the imposts of arches against their sides, they are made to project a 
fourth part of their diameter ; and this is a convenient proportion, b^ause in the Corinthian 
order the capital is not so much disfigured. Hence, when pilasters are nmde to form re-en^ 
tering angles, they should project more than half their diameter. Many and various opinions 
have been formed on the propriety of diminishing pilasters. Perrault, with whom we incline 
to agree, thinks that whWi <me face only proj^s, pilasters should not be diminished. 
Those at the flanks of the portico of the Pantheon are without diminution. But when 
pilasters are on the same line as columns, we want to lay the entablature from one to the 
other without any projection, in which case the pilaster must be diminished in the same 
degree as the column itself, speaking of the front face, leaving the sides imdiminished, as in 
the temple of Antoninus and Faustina. When the pilaster has two of its &ces projecting 
from the wall, being on the angle, and one of those faces answers to a coliunn, such face is 
diminished similarly to the column, as in the portico of Septimius, where the face not cor- 
responding to the column receives no diminution. There are, however, ancient examples 
where no diminution is practised, as in the interior of the Pantheon, where it is so small as 
not to be very ^parent, being much less than that of the column, as is also the case in the 
temple of M^s Ultor, and in. the arch of Constantine. In these cases, the custom of the 
ancients is sometimes to place the architrave plumb over the column, which brings it 
within the line of the pilaster. 'This may be seen in the temple of Mars Ultor, in the 
interior of the Pantheon, and in the portico of Septimius. Sometimes this excess is divided 
into two parts, one whereof goes to the excess of projection of the architrave above tbe 
column, and tbe other half to the deficiency of extent above the pilaster, as in the forum of 
Kerva. The whole matter is a problem of difficult solution, which Chambers has avoided, 
but which, with reference to the examples we have cited, will not be attended with diffi- 
culty to tbe student in his practice. 

2674. We have above seen that pilasters, when used with columns, are subject to the 
form and conditions of the latter. As to their flutings we are left more at liberty. In 
the portico of tbe Pantheon we find the pilasters fluted and tbe columns plain. This, 
however, may have been caused by the difficulty of fluting the latter, which are of 
granite, whilst the pilasters are of marble. On the other hand, we sometimes find the 
columns fluted and the pilasters plain, as in the temple of Mars Ultor, and the portico of 
Septimius Severus. Generally, too, it may be observed that wh^ pilasters project less than 
half their ffiameter, their return faces are not fluted. In respect of tbe number of the flutes, 
if the examples of tbe ancients were any guide, there could have been no fixed rule ; for in 
the portico of the Pantheon, the arch of Septimius Severus, and that of Constantine, seven 
flutes only are cut on the pilasters, whilst tbe flutes of tbe pilasters in the interior of the 
Pantheon are nine in number. This, however, is to be observed, that tbe flut^ must 
always be of an odd number, except in re-entering pilasters, wherein four are placed instead 
of three and a half, and fire instead of four and a half, when the whole pilaster would have 
nine. This is done to prevent the ill effect which would be produced in the capital by the 
bad foiling of the leaves over the flutes. 

2675. We shall hereafter ^ve from Chambers some representations of pilaster capitals, 
which, except as regards their width, resemble those of the order they accompany. The 
practice of the ancients in this respect was very varied. Among the Greeks the form of the 
pilaster capital was altogether different from that of the column, seeming to have no 
relationship to it whatever ; but on this point the student must consult the works on Gre- 
cian antiquities, an example whereof will be found in /iff. 883. 

2676. A pilaster may be supposed to represent a column and to take its place under 
many circumstances ; and, notwithstanding aft that was said on the subject by the Abbe 
Laogier, many years ago, agmnst the employment of pilasters altogether, we are decidedly 
of opinion that they are often useful and impor^t accessories in a buil^ng. It would be 
difficult to enumerate every situation wherein it is expedient to use pilasters rather than 
insulated or engaged columns. In internal apartments, where the space is restricted, a co- 
lumn appears heavy and occupies too much room. The materials, morever, which can be 
obtained, often restrict tbe architect to the use of pilasters, over which the projections of 
the entablature are not so great ; indeed, as the author in the Enc^lopedie Methodique ob- 
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serves, a pilaster may be considered as a column in bas-relief, and is thus, from the 
diminished quantity of labour and material in it, simpler and more economical in appli- 
cation. That in houses and palaces of the second class the decoration by pilasters is of 
great service may be amply shown by reference to the works of Bramante, San Gallo, 
Palladio, and the other great masters of Italy, no less than in this country to those of 
Jones, Wren, and Vanbrugh. 

2677. In profiling the capitals of Tuscan and Doric pilasters there can of course arise 

no difficulty ; they follow the profiles of those over the columns themselves. In the capitals, 
however, of the other orders, some difficulties occur : these are thus noticed by Chambers. 
“ In the antique Ionic capital, the extraordinary projection of the ovolo makes it necessary 
either to bend it inwards considerably towards the extremities, that it may pass behind the 
volutes, or, instead of keeping the volutes flat in front, as they commonly are in the an- 
tique, to twist them outwards till they give room for the passage of the ovolo. Le Clerc ” 
( Traits ({'Architecture) “ thinks the latter of these expedients the best, and that the 
artifice may not be too striking, the projection of the o\olo may be considerably diminished, 
as in the annexed design ” 923. ), “ which, as 

the moulding can be seen in front only, will 
occasion no disagreeable effect.” 

2678. “ The same difficulty subsists with re- 
gard to the passage of the ovolo behind the an- 
gular Ionic volutes. Le Clerc therefore advises 
to open or spread the volutes sufficiently to leave 
room for the ovolo to pass behind them, as in 
the design ” {fig. 924.)“ annexed; which may 
be easily done, if the projection of the ovolo is 
diminished. Inigo Jones has in the Banqueting 
House made the two sides of the volutes parallel 
to each other, according to Scamozzi’s manner, 
and at the same time has continued the ovolo 
in a straight line under them, so that the volutes 
have an enormous projection ; which, added to 
the other faults of these capitals, renders the 
whole composition unusually defective and ex- 
ceedingly ugly.” 

2679. “ What has been said with regard to the passage of the ovolo behind the volutes 
in the Ionic order is likewise to be remembered in the Composite ; and in the Corin- 
thian the Up or edge of the vase or basket may be bent a little inwards towards its ex- 
tremities, by which means it will easily pass 
behind the volutes. The leaves in the Corin- 
thian and Composite capitals must not project 
beyond the top of the shaft, as they do at San 
Carlo in the Corso at Rome, and at the Ban- 
queting House, Whitehall ; but the diameter of 
the capital must be exactly the same as that of 
the top of the shaft. And to make out the 
thickness of the small bottom leaves, their edges 
may be bent a trifle outwards, and the large 
angular leaves may be directed inwards in their 
approach towards .them, as in the annexed de- 
sign ” {fig. 925.), “ and as they are executed in 
the church of the Roman college at Rome, 

When the small leaves have a considerable 
thickness, though the diameter of the capital is 
exactly the same as that of the shaft, in each 
front of the Composite or Corinthian pilaster 
capital, there must be two small leaves with 
one entire and two half large ones. They must 
be either of olive, acanthus, parsley, or laurel, 
massed, divided, and wrought, in the same 
manner as those of the columns are, the only 925. 

difference being that they will be somewhat broader,” 

2680. It is desirable to avoid the use of pilasters at inward angles penetrating each 
other, because of the irregularity such practice produces in the entablatures and capitals. 
One break is quite as much as should be ever tolerated, though in many of the churches in 
Rome they are multiplied with great profusion of mutilated capitals and entablatures ; 
“ than which,” observes Chambers, “ nothing can be more confused or disagreeable.” 

S B 
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2681. Neither should columns be allowed to penetrate each other, as they do in the 
court of the Louvre, inasmuch as the same irregularity is induced by it as we hiive abo\e 
noticed in the case of pilasters. 


Sect. XV. 

CARYATIDES AND PERSIANS. 

2682. The origin of caryatides we have in the First Book (165, etseq.') so far as regards 
our own opinions, explained, and in that respect we shall not trouble the reader. Our object 
in this section is merely to offer some observations on the use of them in modem practice. 
The figures denominated Persians, Atlantes, and the like, are in the same category, and we 
shall not therefore stop to inquire into their respective merits ; indeed, that has already been 
sufficiently done in the book above alluded to. The writer of the article in the En- 
cydopedie Methodique has, we think, thrown away a vast deal of elegant writing on the sub- 
ject of caryatides ; and using, as we have done, to some extent, that extraordinary work, 
we think it necessary to say that we cannot recommend anything belonging to that article 
to the notice of the reader, except what is contained in the latter part of it, and with that 
we do not altogether agree. 

2683. The object, or apparent object, in the u^ of caryatides is for the purpose of support. 
There is no case in which this cannot be better accomplished by a solid support, such as a 
column, the use of the attic order, or some other equivalent means. But the variety in 
quest of which the eye is always in search, and the picturesque effect which may be in- 
duced by the employment of caryatides, leads often to their necessary employment. The 
plain truth is, that they are admissible only as objects necessary for an extreme degree of 
decoration, and otherwise employed are not to be tolerated. There can, as we imagine, 
be no doubt that th,e most successful application of these figures as supports was by Jean 
Gougeon in the Louvre ; as was the most unfortunate in the use of them in a church 
in the New Road, which at the time of its erection was much lauded, but which we hope 
will never be imitated by any British architect. 

2684. As to the use of what are called Persians or male figures, originally in Persian 
dresses, to designate, as Vitruvius tells us, the victory over their country by the Greeks, the 
observations above made equally apply, and in the present day their application will not 
bear a moment's suspense in consideration. 

2685. We have been much amused with the gravity wherewith Sir William Chambers, 
not with his usual sound sense, treats the claims of the personages whose merits we are dis- 
cussing : he says, Male figures may be introduced with propriety in arsenals or galleries of 
armour, in guard-rooms and other military places, where they should represent the figures 
of captives, or else of martial virtues ; such as strength, valour, wisdom, prudence, fortitude, 
and the like.” He writes more like himself when he says, “ 'Hiere are few nobler thoughts 
in the remains of antiquity than Inigo Jones's court” (in the design for the great palace at 
Whitehall), “ the effect of which, if properly executed, would have been surprising and 
great in the highest degree.” (See Jig. 207.) 

2686. What is called a terminus^ which is, in fact, nothing more than a portion of an 

inverted obelisk, we shall not observe upon further than to say that it is a form, as applied 
to architecture, held in abhorrence. For the purpose, when detached and isolated, of sup- 
porting busts in gardens, it may perhaps' be occasionally tolerated ; further we have no- 
tlung to say in its &Tour. Those who seek for addition^ instruction on what are called 
termini, may find some account of them, as the boundary posts of land among the Romans 
in books relating to the antiquities of that people. * 

2687. We shall now proceed to submit some examples of caryatides for the use of those 
whose designs require their employment. Fig. 926. is from a model of Michael Angelo 
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Buonarotti, and is extracted from the Treatise on Civil Architecture, by Sir 'WiUiam 
Chambers, as are the succeeding examples. ^ , i.. t_ xi. t. * 

2688. Figs. 927. and 928. are also designs by Michael Angelo, whic^ though not 
designed for a building, are well adapted for the purpose under certain conditions. 

2689. Fig. 929. is the design of Andrea Biffi, a sculptor of Milan, in the cathedral of 
which city it is one of the figures surrounding the choir. The statue possesses mucn grace, 
and was admirably suited to the edifice wherein it was employed. 

2690. Fig. 930. comes from Holland, having been executed by Artus Quellinus in the 
judgment-hall of the Stadthouse at Amsterdam, 



dSO. Fig. Fig m 


Pig. 93.\ 


Fig. 934. 




2691. Ftg. 931. is by Michael Angelo, and is at the Villa Ludovisi at Rome. 

2692. Fig. 932. is from the design by the last-named master for the monument of Pope 
Julius, whereof we have had occasion already to make mention in the First Book of this 
work. (335. ) 

2693. Fig. 933. is a representation of one of the celebrated caryatides by Jean Gougeon 
in the Swws guard-room of the old Louvre at Paris, and does not deserve less admira- 
tion than it has received. The scale on which this and the preceding figures are given 
does not admit of so good a representation as we could wish. 

2694. F^g. 934. is from the arch of the goldsmiths at Rome, being thereon in basso 
rilievo, but considered by Chambers as well as ourselves a suitable hint for carrying out 
the purpose of this section. 




Sect. XVI. 

BALUSTKADES AND BALUSTERS. 

2695. A baluster is a species of column used as an ornamental railing in front of 
windows, or in arcades, or on the summit of a building, whose professed object is the 
protection of its inhabitants from accidents : analogously, too, it consists of a capital, shaft, 
and base. 

2696. The baluster is not found in the works of the ancients, and we believe it owed 
its introduction in arohitecture to the restorers of the arts in Italy, in which country a vast 
variety of examples are to be found. They made their first appearance in the form of 
stunted columns, not unfrequently surmounted by a clumsily-shaped Ionic capitaL The 
term is said to have had its rise (with what truth we cannot pronounce) ^m the Latin 
balaustium, or the Greek BaXavcrrioy, the flower of the wild pomegranate, to which in form 
the architectural baluster is said by some to bear a resemblance. The writer in tiie 
Encydopedie Methodique has taken the opportunity, in the article Balustre,” of launching his 
anathema against the use of it, but we by no means agree with him ; and instead of calling 
it, as be does, ** une invention mesquine,** we incline to think^that it was almost the only 
invention of the modem architects that deserves our admiration. It is tme that the form 
has been abused in every possible shape ; but we are not, in art more than in morals, to 
arrive at the conclusion that anything is bad because it has been abused and misapplied. 
Such, then, being the case, we shall proceed in a serious vein to consider its proportions, 
founded on the best examples that have come to our bands. We must first premise with 
J. F. Blondel, that balusters and balustrades, which last are a series of the first, should in 
form and arrangement partake of the character of the edifice. They have even been 
their species so subdivided as to be arranged under as many classifications as the orders 
themselves, a distinct sort having been assigned for employment with each order. We are 
not quite certain that such ^ arrangement is necessary, but are rather inclined to think it 
fanciful ; though we are quite willing to allow that where the lighter orders are employed, 
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the balustrades to be used oyer them are susceptible of a more minute and lighter sub* 
division of their parts. 

2697. The general rules to be observed in the use of the balustrade are, that its balusters 
be of an odd number, and that the distance between them should be equal to half their 
larger diameter, from which will result an equality between the open and solid spaces. Blon> 
dd disapproves of a half baluster on the flanks of a subdivision of a balustrade : in this we 
dissent from him, and would always recommend its adoption if possible. In respect of the 
detailed proportions of the balusters themselves, we are to recollect that the subdivisions 
are of the capital, the shaft or vase of the baluster, and its base. For proportioning these 
to one another, Chambers (and we think the proportions he uses not inelegant) divides the 
whole given height into thirteen equal parts, whereof the height of the baluster is eight, 
that of the base three, and of the cornice or rail two. If the baluster is required to be less, 
he divides the height into fourteen parts, giving eight to the baluster, four to the base, and 
two to the rail. He calls one of these parts a module for the measurement of the rest, and 
that measure we think conveni^t for adoption in this work. The module he divides into 
nine parts. 

2698. Balusters intended for real use in a building, as those employed on steps or stairs, 
or before windows, or to enclose terraces, should not be less than three feet in height, nor 
more than three feet six inches ; that is, sufficiently high to give security to the persons using 
them : but when merely used as ornamental appendages, as in crowning a building, they 
should bear some proportion to the parts of the building. Chambers says that their height 
nev^ ought to exceed four fifths of the height of the entablature on which they are placed, 
nor should it ever be less than two thirds, without counting the zoccolo or plinth, the height 
of which must be sufficient to leave the whole balustrade exposed to view from the best point 
of sight for viewing the building. We can scarcely admit these rules to pass without noting 
the examples in Palladio’s works, which give a much greater latitude for variety. When 
balusters fill in between the pedestals, as in the facade of the Palace Chiericato at Vicenza, 
the balustrade's height is of course regulated by that of the pedestal itself; but in the 
court of the Porti palace the crowning balustrade is not higher than the comice of the 
entablature on which it stands. The same proportion is observed in the atrium of the 
Carita at Venice. In the Valmarana palace the height of the balustrade is equal to that 
of the entablature of the small order. It is true that in a few instances this master made 

height of the balustrade equal to that of the whole entablature, and Inigo Jones has in 
some instances followed his example ; but this was not the general practice either of the 
one or the other. 

2699. We have already said that the baluster generally varies in form, so as to be 
appropriate to the order over which it is used. It is moreover to be observed that the 
baluster is susceptible of a pleasing variety of its form by making it square instead of cir- 
cular on the plan, whereof examples are given in jigs, 938, 939, and 940. ; but when the 
situation requires an expression of solidity, almost all the circular examples we submit to 
the reader may be changed from a circular to a square form on the plan, and thus as re- 
quired we may obtain the character suitable to their respective situations. These changes, 
from one to another form in details of this description, are in their adoption much more 
the index to the capacity and genius of the architect than the restless and capricious longing 
after variety recently exhibited in some of the latest works .produced in the city of London, 
works wfai^ reflect no credit on the age in which we live. In Jig, 935. is given a baluster 


Pig. 935. 

suitable to the Tuscan orto $ and using the module of nine parts above mentioned, the 
following is a table its dimc3)si<ms 
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Rail, 

2 modules. 


Baluster, 
8 modules. 


Pedestal, 
3 modules. 


r Fillet 
I Corona 
I Quarter round 
[ Fillet 

’ Abacus 
Cyma reversa 
Neck 
Astragal "I 
Fillet J ' 

I Centre of belly 
^ From same to astragal 
I Astragali 
! Fillet J ■ 

Inverted cyma 
1 Plinth 

’ Inverted cavetto 
Fillet 
Astragal 
Plinth 


Heights in 
Parts of a 
Module. 

Projections in 
Farts of a 
Module from 
Centre of 
Baluster. 

3 

27| 

8i 

24J 



1§ 



Hi 

4 


5 


^3 


27 

13 

9 


n 

lOi fillet 



n 

13 

5 


2 


5 


15 

24 


2700. In Jig. 936. is ^ven the form of a baluster suited to the Doric and Ionic orders, of 
which also the table of ^mensions is subjoined : ^ 


Rail, 

2 modules. 


Baluster, 
8 modules. 


Pedestal, 
3 modules. 


Fillet 

Cyma reversa 
Corona 

Quarter round 
. FUlet 

Abacus 

Echinus 

FiUet 

Neck 

Astragal 1 

FiUet j 
Centre of beUy 
From same to as 
Astragal 
Fillet 

Inverted cavetto 

FiUet 

Plinth 

[ FiUet 

' Inverted ogee 
FiUet 

I Astn^al 

Plinth 


Heights in 
Parts of a 
Module. 

Projections in 
Parts of a 
Module from 
Centre of 
Baluster. 

2 

27 

7 

22 

4 


IJ 

1 

51 

11 


10 (upper parti 


2701. A suitable baluster for the Corinthian or Composite order is exhibited in fig. 937., 
whereof the measures are as follow : — 


3 B 3 
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Other forms of Tuscan balusters are given in jigs. 939. and 940., but it is not ne- 
cessary to give the detail of the parts, as the proportions are sufficiently preserved in the 
figures. 

2703. The double-bellied baluster is used in situations where greater lightness is 
required from the smallness of the parts and the delicacy of the profiles. The proportions 
for the bases and rails need not vary from those already given. Perhaps they need not be 
quite so large. 

2704. Fig. 941. is an example of a double-bellied baluster, suitable to the Doric order. 
Its parts are as follow : — 


Members. 


Abacus 

Echinus 1 

- 

- 


Fillet / ■ 




Upper part - 

- 

. 

Baluster, 

8 modules. 

Middle part - 

- 

- 


Lower part - 
Fillet j 

- 

- 


Inverted echinus/ 

- 

- 


, Plinth 

- 

- 


Heights in 
Parts of a 
Module. 


24| 


Projections in 
Parts of a 
Module from 
Centre of 
Baluster. 


f4 neck 
Is belly 
6 centre 
fS belly 
14 neck 


2705. In fig. 942. we give an example of the double-bellied baluster for the Ionic order, 
and its measures are subjoined : — 



Members. 



Heights in 
Parts of a 
Module. 

Projections in 
Parts of a 
Module from 
Centre of 
Baluster. 


r Abacus 

. 



9 


Fillet and cyma reversa 

. 

- 

H 



Upper part - 



30J 

/4| neck 






19 belly 

10 modules. 

Middle part - 

- 

- 

9 

74 centre 


Lower part • 

- 

- 

30J 

f9 belly 

I 4 J neck 


Inverted cyma and fillet 

- 

- 

H 



Plinth 

• 

- 

41 

9 


2706. The last example we shall give of the double-bellied baluster (Jig. 943.) is suit- 
able to the Corinthian order. The measures are as follow : — 


Members. 

Heights in 
Parts of a 
Module. 

Projections in 
Parts of a 
Module from 
Centre of 
Baluster. 

Baluster, 

1 2 modules. 

Abacus - • • - 

Echinus and fillet ... 
Neck _ - . _ 

Astragal and fillet . - . 

Upper part - - - - 

Middle . _ - - 

Lower part - - - - 

Fillet and astragal - - - 

Neck _ - - - 

Fillet and inverted echinus - 
Plinth _ - - - 

5 

4 

H 

29 

6 

29 

3 ^ 

5 ^ 

4 

5 

. 

11 

f 5^ at top 

111 at belly 

f 1 1 at belly 

1 5^ at bottom 

5 ^ 

11 


3 B 4 
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2707. We do not deem it necessary to give any examples of the scroll and Guiloche 
balustrades, which were so much in vogue during the reigns of Louis XIV. and 
Louis XV., though the present taste seems almost to require it. As that taste has been 
mainly generated by house decorators, as they are called, and upholsterers, these gentry 
will soon find out another means of amusing the public, by driving them out of fashion 
and finding all that is beautifiil in some renovated and equal absurdities. 

2708. We have already observed that the intervals between balusters should not be more 
than half the diameter of the baluster at its thickest part ; to this we may here add, that 
they should not be less than one third of that diameter. The pedestals for supporting the 
rail ought neither to be too frequent nor too for apart ; for in the first case they impart a 
heavy appearance to the work, and in the last the work wUl seem weak. Seven or nine 
balusters are good numbers for a group, besides the two half ones engaged in the pedestals. 
The disposition, however, and'number of the pedestals depend on the places below of the 
piers, columns, or pilasters, for over these a pedestal must stand ; and when, therefore, it 
happens that the intervals are greater than are required for the reception of nine balusters, 
the distance may contain two or three groups each, flanked with half balusters, and the 
width of the dies separating the groups may be from two thirds to three quarters the width 
of the principal pedestals. 'The rail and base should not be broken by projections, but 
run in unbroken lines between the pedestals. 

2709. When the principal pedestals stand over columns or pilasters, their dies should not 
be made wider than the top of the shafts, and on no account narrower ; 
indeed, it is better to flank them on each side when the ranges are long 
with half dies, and give a small projection to the central pedestal, and 
to let the base and rail follow the projection in their profiles. This 
practice will give real as well as apparent solidity to the balustrade. 

2710. Fiy. 944. shows the application of a balustrade to a portion 
of a staircase, and herein the same proportions are observed as on 
level ranges. Some masters have made the mouldings of the different 
members of the baluster, follow the rake or inclination of the steps; 
but the practice is vicious : they should preserve their horizontality, as 
exhibited in the figure, in which, at A and B, is also shown the me> 
thod in which the horizontal are joined to the inclined mouldings 
of the base and rail. In the balustrades of stairs the spaces between 
the balusters are usually made narrower than they are on level beds ; 
and Le Clerc recommends that the height of the plinth should be 
equal to that of the steps ; but this is not absolutely required, though 
it must on no account be less. 

2711. The bulbs or bellies of balusters and their mouldings may be 
carved and otherwise enriched : indeed, in highly decorated interiors, 
this seems requisite. 

2712. The following observations as to the height of statues placed upon balustrades 
are from Sir William Chambers : — “ When statues are placed upon a balustrade their 
height should not exceed one quarter of the column and entablature on which the balus> 
trade stands. Their attitudes must be upright, or, if anything, bending a little forwards, 
but never inclined to either side. Their legs must be close to each other, and the draperies 
close to their bodies, for whenever they stand straddling with bodies tortured into a variety 
of bends, and draperies waving in the wind, as those placed on the colonnades of St. 
Peter’s, they have a most disagreeable effect, especially at a distance, from whence they 
appear like lumps of unformed materials, ready to drop upon the heads of passengers 
I'he three figures placed on the pediment of Lord Spencer’s house, in the Green Park 
which were executed by the late ingenious Mr. Spang, are well composed for the purpose ” 

2713. “ The heights of vases placed upon balustrades should not exceed two thirds of 
the height given to statues,” says the same author. We are not altogether averse to the 
application of either statues or vases in the predicated situations, but we think the greatest 
discretion is required in their employment. When it is necessary to attract the eye from 
an indispensably obtrusive roof, they are of great value in the composition ; but we shall 
not further enter on this point of controversy, for such it is, inasmuch as many object to 
their use altogether, and have considerable reason on their side. We must, however, briefly 
state the ground of objection, and Chambers’s answer as respects statues. There are he 
says, some “ who totally reject the practice of placing statues on the outsides of buildings, 
founding their doctrine, probably, upon a remark which I have somewhere met with in a 
French author, importing that neither men, nor even angels or demi-gods, could stand in 
all weathers upon the tops of houses or chiu'ches.” 

2714. “The observation is wise, no doubt,” (we doubt the wisdom of it,) “yet, as a 
I>iece of marble or stone is not likely to be mistaken for a live demi-god, and as statues 
when properly introduced, are by far the most graceful terminations of a composition one 
of the most abundant sources of varied entertainment, and amongst the richest most 
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durab^ and elegiuit ornaments of a structure, it may be hoped they will still continue to 
be tolerated.** We fear that if the only reasons for their toleration were those assigned by 
the author, tiieir doom would soon be sealed. 


Sect. XVII. 

PEDIMENTS. 

2715. A pediment, whose etymology is not quhe clear, consists oi a portion of the 
horizontal cornice of the building to which it is applied, meeting two entire continued 
raking cornices, and enclosing by the three boundaries a space which is usually plain, 
called the tympanum. It is not, however, necessary that the upper comice should be 
rectilinear, inasmuch as the cornice is sometimes formed by the segment of a circle. The 
arrangement in question was the Roman /ashpiafa, and is the French /ronton. The Greeks 
called pediments aerot, or eagles ; why, this is not the place to inquire. The origin of the 
pediment, according to authors, seems to have arisen from the inclined sides of the primitive 
hut. Hils is a subject, however, which in the First Book (subsec. 5. ) has been already 
considered, and we shall therefore in this section confine ourselves to its employment in the 
architecture of the day. 

2716. Of the varied forms which, by masters even of acknowledged talent, have been 
given to the pediment, whether polygonal, with curves of contrary flexure, with mixed 
forms, broken in the horizontal part of the comice or in the raking parts of it, or reversed 
in its oflSce with two springing inclined sides from the centre, we propose to say no more 
than that they are such abuses of all rules of propriety, that we shall not further notice 
them than by observing that in regular architecture no practice is to be tolerated where 
the pediment is composed otherwise than of two raking unbroken and one horizontal 
unbroken cornice, or of the latter and one continued flexure of curved line. To these 
only, therefore, we now ^ply ourselves. 

2717. Generally, except for windows and doors, the pediment ought not to be used, 
except for a termination of the whole composition ; and though examples are to be found 
without number in which an opposite practice has obtained, the reader, on reflection, will 
be convinced of the impropriety of it, if there be the smallest foundation for its origin in 
the termination of the slant sides of the hut. 

2718. 'fhe use of the pediment in the interior of a building is, perhaps, very questionable, 
though the greatest masters have used it. We think it altogether unnecessary ; if the 
pyramidal form is desirable for any particular combination of lines, it may be obtained by 
a vast number of other means than that of the introduction of the pediment. Hence we 
are of opinion that the attempted apology for them in Sir William Chambers’s work, is alto- 
gether weak and unworthy of him, and only to be explained by that master’s own practice. 

2719. Vitruvius ordains that neither the modillions nor dentils which are used in the 
horizontal cornice should be used in the sloping cornices of a pediment, inasmuch as they 
represent parts In a roof which could not appear in that position : and the remains 
generally of antiquity seem to bear him out in the assertion ; but the Roman remains seem 
to bear a diflerent testimony to the validity of the law, and to our own eyes the trans- 
gression aflbrds pleasure, and we should recommend the student not to feel himself at all 
bo und, by it ; for, as Chambers most truly observes, ** The disparity of figure and emich- 
ment between the horizontal and inclined cornices are such defects as cannot be compen- 
sated by any degree of propriety whatever, and therefore to me it appears best, in imitation 
of the greatest Roman and modem architects, always to make the two cornices of the 
same profile, thus committing a trifling impropriety to avoid a very considerable deformity.” 

2720. DifiTerent siz^ pediments in the same fe 9 ade are jy 
to be avoided ; but as respects their forms in ranges of 
windows and niches a pleasing variety is often obtained by 
making them altematdy curved and rectilinear, as in the 
temple at Nismes and in the niches of the Pantheon at 
Rome. 

2721. In the horizontal part of a cornice under a pe- 
diment the two upper mouldings are always omitted, and 
the intersa;tion of the inclined with the horizontal lines, 
supposing the inclined members of the comice to be of the 
same height as thc^ which are horizoi^al, will not fell into 
the profile {jfig. 945.) whereof AB and BC are the lead- 
ing lin». To obviate this inconv^ence, some architects 
have made a break in the cymatium and fillet, as shown 
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in the figure. But this is a bad practice, and to it we prefer either making the cyma and 
fillet higher, as the dotted line AD indicates, or altogether lowering the height of the cyma 
on the horizontal line. If the inclined comice is joined on each side by horizontal ones, the 
best expedient is to give only such small projection to the cyma as that it may meet the 
inclined sides. 

2722. The heights of pediments should be regulated by their lengths, independent of the 
consideration of climate. (See Book II. Chap. III. Sect. IV. 2027.) Thus, when the base of 
the pediment is short, the height of the pediment may be greater ; and when long, it should 
be diminished ; for in the former case the inclined cornice leaves but scanty space for the 
tympanum, and in the latter case the tympanum will appear overcharged. From one fifth 
to one quarter of the length appears to have been agreed on as the limits ; but we subjoin, 
from a work by Stanislas E’Eveille {^Considerations sur les FnyntonSy 4to. Paris, 1824), the 
method which we consider the best for determining the height of a pediment, observing, by 
the way, that a strict adherence to the ordinary rules for finding the height may produce 
the absurdity of a pediment higher than the columns by which it is borne, a condition 
which would not at all accord with the view we have taken of the orders in Sect. II. 



Chap. I. of this Book. In fig. 946. we have a synoptical view of pediments of various 
extents, and as the letters applied to the central pediment will apply to all the rest, we 
shall restrict our description to that. Suppose the points a and 6 to be the extremities 
of the fillet of the corona. Then, with a radius equal to a6, from the points a and 6, 
describe the arcs ax, bx, and from their intersection x with the same radius let the arc ayh 
be described. From y, as a centre, with a radius equal to the height of the horizontal 
part of the cornice, describe the portion of the circle f g, and from a and h draw thereto 
tang^ts intersecting in y. Then yb and ya will be the proper inclination of the fillet of 
the corona to which the other members of the inclined parts will necessarily be parallel. 

2723. We cmiclude this section by the words of Chambers. “ The face of the tympan 
is always placed <vi a line perpendicular with the face of the ftieze ; and when large, may 
be adom^ with sculpture, representing the arms or cypher of the owner, trophies of 
various kinds, suited to the nature of the structure, or bas-relieft, representing either 
all^orical or historical subjects ; but whcsi small it is much better left plain.** 


Sect. XVIII. 
coaificKs. 

2724. In many cases the fa 9 ades of buildings are erected without any of the orders 
appearing in the design, other, perhaps, than those which are applied as the dreatings of 
windows, niches, or doors. The palaces of Florence and Rome abound with such examples, 
in most of which the edifice is crowned with a comice, which adds dignity to the building, 
producing a play of light and shadow about it of the utmost importance as regards its 
picturesque effect. Hie modems have generally &iled in this fine feature of a building, 
and it is mily within the last few years, in this country, that a return to the practice of the 
old masters, a practice properly appreciated by Jones, Wren, Vanbrugh, and Burlington, 
has mamfested itselfi If a building be entirely denuded of pilasters and columns, and 
there are very few common instances that justify their introduction, it seems rational to 
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deduce the proportion of the hei^t and profile of its cornice from the proportions that 
would be given to it if an order intervened. 

2725. If we consider the height of the crowning comice of a building in this way, and 
as the portion of an entablature whose height is, as in the case of an order, one fifth of that 
of the building, we should immediately obtain a good proportion by divid^ the whole 
height into 25 parts and giving two of them to the height of the cornice. For the 
entablature being one fifth *of the whole 


height, and its general division being into 
10 parts, four whereof are given to the 
comice, we have for its height the of J ^ 
or the twelfth and a half part of the 
total height of the building — OOS. 
Now there are circumstances, such as 
when the piers are large, and in other 
cases when the parts are not very full in 
their profiles, which may justify a de- 
parture from the strict application of this 
rule ; but it will be seen that in the 
following ten well-known examples the 
practice has not much differed from tlu' 
theory, nearly the greatest deviation being 
in the celebrated cornice of the Farnese 
palace, which is here placed 947.) as 
an extraordinary work of art in connection 
with the building it crowns. The ex- 
amples alluded to are as follow, and we 
shall begin with those of earlier date, 
the diminution in height being almost 
exception of those by Palladio 



Fiff. i)47. 


a chronolo^cal table of their erection, with the 


In the Spannocchi palace, at Siena, the cornice is ijlJ* of the whole height of building, 
or *081. 

In the Picolomini palace, at Siena, the cornice is •jJJg of the whole height of building, 
or ^a*074. 

In the Pojana palace, built by Palladio, at Pojana, in the Vicentine territory, the cornice 
A whole height of building, or A=071. 

In the Strozzi palace, at Florence, the cornice is of the whole height of building, 
or ^=*069. 

In the Pandolfini palace, at Florence, by Rafifaelle, the cornice is of the whole 
height of building, or ^=*069. 

In the Villa Montecchio, by Palladio, the comice is of the whole height of building, 
or 4= *069. 

In the Villa Caldogno, by Palladio, the comice is of the whole height of building, 
or ^ = -069. 

In another villa by Palladio, for the family of Caldogno, the cornice is of the whole 
height of building, or -ji^= ‘066. 

In the Faraese palace, at Rome, the cornice is of the whole height of building, or ^ 
= •059. 

In the Gondi palace, at Florence, the cornice is of the whole height of building, or ^ 
= •057. 


From these examples it appears that the mean height of the cornices under consideration 
is something more than one fifteenth of the height of the building, and experience shows 
that, except under particular circumstances, much more 
than that is too great, and much less too little, to satisfy 
M ^ educated eye. The grace beyond the reach of art 
is, if we may use an Hibernieism, in the power of few, 
but^ the bounds have been passed with success, as is 
testified in the Faraese palace. It may be objected to 
the system that we have generally adopted in this work, 
that we are too much reducing the art to rules. But 
this is a practice of which the painter is not ashamed 
in the proportions of the human figure, and we must 
remind our reader and the student that all rules are more 
for the purpose of restr aining exce^ than bounding the 
flights of genius. 

2726. P^g. 948. is an entablature by Vignola, which 
possesses great beauty, and has been often imitated in 
various ways for crowning a building ; this must be con- 
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nutf e in relation to a building than a ‘mere ee^ice, and requires rustic quoins, if 
p<»sible, at the angles when used. Chambers, speaking of this example, sajns, that ^ when 
it is used to finish a plain building, the whole height is found by diyiding the height of 
the whole front into eleven parts, one of which must be given to the entablature, and the 
re maining ten to the rest of the front.** We suspect that the smallness which is assigned 
by this author to its height has been induced by some error, and that a better rule would 
be induced by assigning to the cornice its proper height, according to the laws above 
hinted at, and proportioning the rest of the entablature from the comice thus obtained. 



Fig. 9S1. Fig. 950. Fig. 949. 


2727. In Jiffs. 949, 950, and 951. are given three examples of block cornices (the 
second being by Palladio), whose proportions the figures sufficiently show without here 
giving a detail of their parts. The height of either should not be less than one fifteenth of 
the height of the building. 



Fig. 952, Fig. 954. Fig. 955. 


27^. 952. and 953. are block cornices, which we have adopted from Chambers, 

the first being from a palace at Qfilan, and the other, by Halfaelle, in a house in the 
Lungara at Rome. The height of these, says the author, and we agree with him, need 
not exceed one sixteenth part of the whc^e front, nor should either be less than one 
eighteenth. 954. is what is called an architrave comice, which was frequently employed 
by the old mast^s. It seems well adapted to the entablatures of columns bearing arches, 
being rather in the nature of an impost ; but it is useful, changing it to suit the order in 
cases where the height does not admit of the whole'of the entablature being used over the 
order. 


Sect. XIX. 

EROFILES OF nOOSS. 

2729. One of our objects in this work has been to impress throughout on the minds of 

our readers that architecture does not depend on arbitrary laws; and though we may not 
have proved satisfactorily tm the student that the precise laws have been exactly stated, we 
trast we l^ave exhibited sufficient to shhw and convince him that there was a method and 
limit in the works of the ancients which in the best times prevented the artists ftom ffillinw 
on either side into excess. “ 

2730. In/p. 955. we give a door with its architrave, friexe, and cornice, without re- 
lation to moulffin^, but merely considered in the masses. Its proportions correspond 
with those most usually adopted; that is, its height is twice its width, the entahlature is 
one fourth of the height of the opening, and the architraves on each side, together two 
sixths of the width. The t^ening, therefore, measuring it in terms of the width of the 
architrave, will be 6 parts wide and 12 -high, and its area consequently 72 parts Now 
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it will be found that the solid parts of this are exactly on their 
face two thirds of this area ; for up to the top of the opening each 
architrave being equal to 1 2, the sum will be 24 ; and the entabla- 
ture being 8 wide and 3 (one fourth of twelve) high, 8 x 3=24; 
which added to 24 for the architraves gives 48 for the solids, and 
^|=|, as above stated. The same analogy does not seem to hold 
ID respect of doors and windows, of making the voids equal to the 
supports and weights, as in intercolumniations ; nor indeed ought 
we to expect to 'find it, for the conditions are totally different, 
inasmuch as no door can exist except in a wall, whereas the office 
of columns is connected with the weight above only. We trust, 
therefore, we have shown enough to keep the reader's mind alive 
to some such law as above developed, without insisting very strongly 
on a minute attention to it in detail. 

2731 . We shall now, before submitting any examples of doorways 

to the reader, touch upon some important points that must be attended to; the first of which 
is, that all gates and doors, independent of all other considerations, must be of sufficient size 
for convenient passage through them. Hence internal doors must never be reduced under 
2 feet 9 or 10 inches, and their height must not be under 6 feet 10 inches or 7 feet, so as to 
admit the tallest person to pass with his hat. These are minimum dimensions for ordinary 
houses in the principal floors ; but for houses of a superior class, which are provided with what 
may be called state apartments, widths of 4, 5, and 6 feet, folding doors and the like, will not 
be too great for the openings, and the heights will of course be in proportion. The entrance 
doors of private houses ought not to be under 3 feet 6 inches, nor ordinarily more than 
6 feet in width ; but in public buildings, where crowds of people assemble, the minimum 
width should be 6 feet, and thence upwards to 10 or 12 feet. No gate should be less than 
9 feet wide; and when loaded waggons or carts are to pass through it, 11 or 12 feet 
will not be too much. As a general observation we may mention that all doors should open 
inwards, for otherwise the person entering pulls the door in his ffice, which is an inconvenient 
mode of entering a room. Also when the width of a door is greater than 3 feet 8 inches 
it should be formed in two flaps, by which three advantages accrue : first, that the door 
will not occupy so much space for opening ; second, that each door will be lighter ; and, 
third, that the flaps will more nearly fold into the thickness of the walk Chambers pro- 
perly says, “ That in settling the dimensions of aperture of doors regard must be had to 
the architecture with which the door is surroimded. If it be placed in the intercolumiiiation 
of an order, the height of the aperture should never exceed three quarters of the space 
between the pavement and the architrave of the order ; otherwise there cannot be room for 
the ornaments of the door. Nor should it ev^ be much less than two thirds of that 
space, for then there will be room sufficient to’ introduce both an entablature and a 
pediment without crowding ; whereas if it be less it will appear trifling, and the inter- 
columniation will not be sufficiently filled. The apertures of doors placed in arches are 
regulated by the imposts, the top of the comice being generally made to ^vel with the 
top of the impost ; and when doors are placed in the same line with windows, the top of 
the aperture should level with the tops of the apertures of the windows ; or if that be 
not practicable without making the door much larger than is necessaiy, the aperture 
may be lower than those of the windows, and the tops of all the cornices made on the same 
level.” 

2732. To say that the principal door of a building should if possible be in the caitre of 
the front would seem almost unnecessary ; but it is not so, perhaps, to inculcate tHe necessity 
of its being so situated in connection with the internal arrangement of the building as to 
lead with freility to every part of it, being, as Scamozzi observes ( Parte Secunda, lib. vi. 
c. 4.), like the mouth of an animal placed in the middle of the face, and of easy communi- 
cation with the inside. In the internal distribution the doors should as much as pc^ible 
be opposite one another on many accounts, not the least whereof is the facility thus given 
to ventilation ; but such a disposition also gives the opportunity of a lar better display of 
a series of rooms, which on occasions of ffites imparts great magnificence to the apartments. 
In this climate 4t is well to avoid too great a number of doors, and they should never, if 
it can be avoided, be placed near chimneys, because of subjecting to draughts of air those 
who sit near the fire. Generally the doors in a room should be reduced to the smallest 
number that will suit the distribution, and the practice of making feigned or blank doors, 
though sometimes necessary, should if possible be excluded. 

2733. The ornaments with which doors are decorated must of course depend on the 
building in which they are used ; and as 'this is a matter in which common sense must 
direct the architect, it is hardly necessary to say that the ornaments applied to them in a 
theatre .would ill suit a church. 

2734. The composition and designing of gates and their piers must of necessity suit the 
occasion, as well as the folding gates attached to them, for the enclosure of the parks. 
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^Ig^dCT^and other places they are to serve. There are few finer examples in the higher 
class^iMiis species of design than the celebrated gates at Hampton Court. 

^35. Tie evil days on which we have &Uen in this country, in r^peet of the arte, pre- 
cludes the hc^ of again seeing the doors of our buildings ornamented with bassi relievi and 
bnmze ornaments, a practice common among the ancients no less than among the revivers 
of the arts ; witness the doors of St. Peter’s, and, above all, those monuments of the art, the 
doors of the baptistery at Flc^ence by Lorenzo Ghiberti, wherein art ris^ by being made 
only subservient to the holy purpose to which it is the mere handmaid.. In the menticm 
of doors those of San Giovanni Laterano at Rome must not be omitted; Aey have the credit 
of having been the enclosures to the temple of Saturn in the ancient city. 

2736. The manu&cture of ddiors has been already sufficiently noticed in the Second 
Book; and it therefore only remains for us to subjoin a few examples, which, we think, 
among many others, deserve the attention of the student. 



2737. Fig- 956. is an external doorVay designed and executed by Vignola, at Caprarola, 
not a great, distance north of Rome ; it must speak for itself : if the reader be of our 
mind, Jie will see in it a beautiful handling of the subject ; but we cannot further answer for 
our opinion, knowing as we do that some of the reviewers of these days may find out that 
it possesses no (esthetic beauties. There are cases where imitation has been permitted ; and 
the sanction fi>r our opinion is, that it has been imitated by one whom we and all others 
hold* in reverence at Greenwich Hospit^, though, as we think with Chambers, for thj 
worse. “ The aperture is in the form of an arch, and occupi^ somewhat more than two 
thirds of tte whole height. It is adorned ivith two rusticated Done pilasters and a re- 
gular entablature. The height of the pilasters is 16 modules, that of the entablature 4. 
The width of the aperture is 7 modules, its height 14, and the breath of each pier is 
3 modules.” To the detail of Chambers we have to add that the void in this example, 
«which has no analogy to that which as a ^ner^ rule we gave in the commencement of 
the section, is about one third of the area of the whole design, the void being to such area 
as 7-i7 to afe-SS. 

2738. Hg. 957. is a design by the last-mentioned master, in which the void is as nearly 
as p<»sible»^ual to one third of the area, the supports another, and the weights the other 
third : in o&er terms, the aperture occupies two thirds of the whole height and one half 
ci Uie whole breadth, being, in fact, a double square. Its eiOablature has an alliance tvith 
the Tuscan order, and the cOTmee is equal to one fifteenth of the whole height of the door. 
These two examples are especially external; those which follow are from their nature 
applic^Ie in general form to either external or internal doorways. 

2739- Fig, 95S, is a doorway in the Cancellaria at Rome, and is from the des^n ci 
Vigneda. Tie width is one half 
the bei^t, and ffie height of the 
entablatuie is equal to <me third of 
the bei^t of tfae.'aperture. The 
breadth of the architrave is one 
fifth oftbetqierture’s width, and the 
pilasters below the consoles am 
half as brood as the archifrave. 

It is heavy, as might have been ex- 
pMted from the proportion betwe^ 
the voids and the solids. 

2740. Fig. 959. is a de^gn by 
Hiehad Ai^lo Buonarotti, and its 
^erture may be twice ite height. 
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the whole entablature a quarter of its height, and the architrave one sixth of the width 
of the aperture. The face of the pilasters or columns at the sides must be regulated 
by the lower fascia of the architrave, and their breadth is to be a semidiameter. 

2741. Fig. 960. is by Vignola, and is in the Farnese palace at Rome. The opening is 
twice the width in height, and the entablature is three elevenths of the height of the aper- 
ture, one of the foregoing elevenths being given to the architrave. The whole of the orna- 
ment on the sides is, including architraves and pilasters, equal to two sevenths of the width 
of the aperture. The cornice is Composite, with modillions and dentils, and the frieze Ls 
enriched with a laurel band. 

2742. Fig. 961., another of the examples ^ven by Chambers, is believed to be by 
Cigoli. Tlie void is rather more in height than twice its width. The impost of the arch 
is equal to half a diameter, the columns are rather more than nine diameters high, and 
rusticated with five square cinctures. The entablature is not so much as one quarter of 
the height of the column, and its tablet is equal to the width of the aperture. 



Fig. 961. 965^. Fig. 963. 


2743. Fig. 962. is by Inigo Jones, and the aperture may be twice as high as it is wide. 
The architrave may be a sixth or seventh of the width of the aperture, the top of it being 
level with the astragal of the columns, which are Corinthian, and ten diameters in height. 
They must be so far removed on each side from the architrave as to allow the full projec- 
tion of their bases. The entablature may be from two ninths to one fifth of the column, 
and the pediment should be regulated by the rules given in Sect. XVII. (2722.). 

2744. Fig. 963. is by Serlio. The aperture may be a double square, or a trifle less ; 
the diameter of the columns a quarter of the width of the aperture, or a trifle less ; their 
height 8 to 8^ diameters ; the entablature about a quarter of the height of the columns, 
and the pediment should be drawn in conformity with the directions in Sect. XVJI. 


Sfct. XX. 

WINDOWS. 

2745. Windows, of all the parts of a building, are those which require the greatest nicety 
in adjustment between the interior and exterior relations of them. The architect who 
merely looks to the effect they will produce in his fa9ades has done less than half his work, 
and deserves no better name or rank than that of a mere builder. It seems almost use- 
less to observe that the windows of a building should preserve the same character, that 
those in each story must be of the same height, and that the openings must be directly over 
one another. Blank windows are, if possible, to be avoided . they always indicate that 
the architect wanted skill to unite the internal wants of the building with its external de- 
coration. Windows, moreover, should be as far removed as the interior will permit from 
the quoins of a building, because they not only apparently, but really, weaken the angler, 
when placed too near them. 

2746. Vitruvius, Palladio, Scamozzi, and Pliilibert de TOrme, besides many other mas- 
ters, have given different proportions to them as connected with the apar^ents to be 
lighted. That these should be different is indicated by the different places in which those 
masters have written. Nothing, indeed, seems so much to disallow general laws as the 
proportion of windows to an apartment; according to the climate, the temperature, the 
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length of the days, the general clearness of the sky, the wants and customs of commerce 
and of life generally. . In hot climates the windows are always few in number and small in 
dimension. As we approach those regions where the sun has less power and the winter is 
longer, we observe always an increase in their size and number, so as to enable the in- 
habitants to take as much advantage as possible of the sun’s light and rays. It seems, 
therefore, almost impossible to give general rules on this subject. We shall on this account 
endeavour, in the rules that this section contains, to confine ourselves to the sizes which 
seem suitable in this climate, as resoects the proportion of light necessary for the comfort 
of an apartment. 

2747. It is a matter of experience that tne greatest quantity of light is obtained for an 
apartment when lighted by an horizontal aperture in the ceiling. Of this a very extra- 
ordinary verification is to be found in the Pantheon at Rome. This edifice, whose clear 
internal diameter is 142 feet 6 inches, not including the recesses behind the columns, is 
nearly 74 feet high to the springing of the dome, which is semicircular. The total clear 
number of cubic feet in it may therefore be taken in round numbers at l,9i34,460 cubic 
feet. Those who have visited it well know that it is most sufficiently and pleasingly 
lighted, and this is effected by an aperture (the eye, as it is technically called,) in the crown 
of the dome, which aperture is only 27 feet in diameter. Now the area of a circle 27 feet 
in diameter being rather more than 572 feet, it follows that each superficial foot of the 
area lights the astonishing quantity of nearly 3380 cubic feet. Independent of all consi- 
derations of climate, this shows the amazing superiority of a light falling vertically, where 
it can be introduced. But in a majority of cases the apertures for light are introduced in 
vertical walls ; and the consequence is, that a far greater area of them for the admis- 
sion of light becomes necessary. In considering the question it must be premised that 
a large open space is supposed before the windows, and not the obstructed light which 
it is the lot of the inhabitants of closely-built streets to enjoy. Again, it is to be recollected 
that in the proportioning of windows it is the apartments on the principal floor that are to 
be considered, because their width in all the stories must be guided by them, the only \a- 
riety admissible being in the height. In this country, where the gloom and even darkness 
of wet, cloudy, and foggy seasons so much prevails, it is better to err on the side of too 
much rather than too little light, and when it is superabundant to exclude it by means of 
shutters and blinds. We are not very friendly to the splaying of windows, because of the 
irregularity of the lines which follows the practice; but, it must be admitted, it often be- 
comes necessary when the walls are thick, and in such cases a considerable splay on the 
inside increases the light in effect by a great diminution of shade. It is well, if possible, 
to have an odd number of windows in an apartment : nothing wherein contributes more 
to gloom than a pier in the centre. 

2748. We do not think it necessary to advert to the rule of Palladio for the dimensions 
of windows given in the first book of his work, chap. 25. ; because, were it true for the 
climate of northern Italy, it would not be so for that of Great Britain ; neither are we at 
all satisfied with that which in his practice Sir William Chambers says he adopted, and 
which is as follows, in his o^vn words : — “ I have generally added the depth and height” 
we suppose width “ of the rooms on the principal floor together, and taken one eighth 
part thereof for the width of the window ; a rule to which there are few objections : ad- 
mitting somewhat more light than Palladio’s, it is, 1 apprehend, fitter for our climate than 
his rule would be.” This rule is empirical, as inde^ is that on which we place most 
dependence, and to which we shall presently introduce the reader, being ourselves inclined 
to the belief that in the lighting a room there is a direct relation between the area of the 
aperture admitting the light and the quantity of cul>e space in the room. Indeed the law 
which we are about to give is one founded on the cubic contents of the apartment ; and if 
the results bore a regular ratio to that quantity, the discussion would be at an end, for we 
should then have only to ascertain the cubic contents, and, knowing how much an area of 
light one foot square would illuminate, the division of one by the other would supply the 
superficies of windows to be provided. Our own notion on this subject is, that 1 foot super- 
ficial of light in a vertical wall, supposing the building free from obstruction by high 
objects in the neighbourhood, will in a square room be sufficient for 100 cube feet if placed 
centrally in such room. It will, however, immediately occur to the reader, that this rule 
cannot in many cases satisfy the r^uirements of an apartment as respects the quantity of 
light necessary for its proper illumination. The subject is beset with numerous difficulties, 
which to overcome requires the greatest skill. In the case of an apartment, long as com- 
pared with its width, it is well known to every practical architect that windows of the same 
collective area at either of the narrow ends of such apartment will light it much more 
effectively than if the same area of light were admitted on either of the long sides, and most 
especially so, if it should happen that on such long side there were a pier instead of a window 
in the centre of such sade. In illustration of what we mean, let us refer the reader to the 
ball room at Windsor Castle, an apartment 90 feet long, 34 feet wide, and 33 feet high 
This room is lighted from the northern narrower side by a window nearly occupyin*^ the 
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'widtb, and is supplied by an abundance of light. But bad the same quantity of light been 
admitted from either of the long sides of the so many ma^es of diadow would have 

been introduced through the interposition of piers, that its effect would have differed most 
widely from the cheeifril and airy aspect it now presents. We have taken this as an 
example that more presently occurs to us, but the reader from his observation will l^e no 
difficulty in supplying instances in corroboration of our impressions <m this subject. 

But we shall now proceed to give, m the author's own words, the rules of which we 
have spoken. That author is Robert Morris, and the work quoted is Xechfres on ArchU 
tecture, consisting of Rules founded on Harmonick and Arithmetical Proportions in Building. 
London, 8vo. 1734. “ There are rules, likewise, for proportioning of light according 

to the magnitude of the room by which any room may be illuminated, more or less^ 
according to the i^es of them, and at the same time preserve an external regularity ; 
which, as it is on an uncommon basis, 1 shall explain to you as well as I ccmvenicntly 
can. Let the magnitude of the room be given, and one of those proportions I have 
pr(q>(^d to be made use of or any other ; multiply the length and breadth of the room 
together, and that product multiply by the height, and the square root of that sum will 
be the area or superficial content in fee4 frc. of the light required." 



Fig. 964. Pig. 965. 

2749. Example. Suppose a room {Jig. 964.), whose magnitude is the arithmetical 
proportion of 5, 4, and 3, and is 20 feet long, 16 feet broad, and 12 feet high, the cube or 
pTo^ct of its length, breadth, and height multiplied together is 3840, the square root of 
which sum is 62 fret. If the height of the story is 12 feet as before mentioned, divide 
that 62 feet into three windows; each window will contain 20 feet 8 inches of superficial 
light, and those will be found to be 3 feet 2| inches broad, and 6 feet 5 inches high, which 
are windows of two diameters.” 

27501 " Let us now suppose another room on the same range whose height is 12 feet, as 
the preceding example is, and its proportion {Jig. 965.) shall be the cube. The product of 
that cube is 1728, and its root is 41 feet 4 inches, or thereabouts: divide that 41 feet 
4 inches in two parts for two windows, and each will be 20 feet 8 inches of superficial 
light, and those will be two diameters in height, and the magnitude the same as the pre- 
ceding room.” 

2751. ** For example sake, I will only suppose one more room J^fg. 966 ) upon the same 
ran^ and 12 feet in height, 
whose proportion shall be the 
arithmetic^ of 3, 2, and 1 ; 
that is, its height being 12 
fee^ the breadth will be 24 
mid length 36, the product of 
those numbers multiplied to- 
gether will be 10368, and its 
root 101 feet 8 inches, or 
thereabouts : divide this room 
into five windows, each win- 
dow will have 20 feet 4 inches 
superficial light, and the mag- 
nitude will be near or equal to 
the others, and if the proportion be 6, 4, and 3, and coved, the light is the same. ” 

2752, " There is,” says the author, rather perhaps simply, “ but one objection to this 
nJe to make it universal for all kinds of proportioned rooms on the same fioor, and that 
IS, the squ^ root doth not always happen to be exact enough for to make them alike; but 
as the variatioii will be so small, it may be made use of ; and if the area something exceeds 
the standard of the principal room, that room may be converted to a use which requires 
more than standani light, and the necessities of frznilies sometimes require it But, how- 
ever, the rule will serve for the purpose near enough for any practice.” 

3 C 



Fig. 966. 







754 


PRACTICE OF ARCHITECTURE. 


Book III. 


S753. ** If you extend the rule to larger rooms, the same methods will be preserr^ 
even if the height be continued through two stories, if the upper windows be made square. 



Fla. 967. 




and to have two tire ” (tiers) “ of windows. Let us suppose the room 967.) with two 
tire of windows in height, to be 50 feet long, 40 feet wide, and 30 feet high, the arith- 
metical proportion of 5, 4, and 3, the product of those numbers multiplied together will be 
60000, the square root of which sitm is 245 superfical feet ; divide that sum for the tire ” 
(tiers) “ of windows into three parts, or take one third of it, and that makes the attic or 
square windows 81 feet 8 inches superficial light ; divide this into 5 windows, and they are 
4 feet and half an inch square, and the five lower windows, consisting of 163 feet 4 inches 
superficial light, being what remains out of the 245 'feet, the root, each of these windows is 
4 feet and half an inch by 8 feet 1 inch, or two diameters, which 245 feet, the whole sum 
of the square root of the room, will sufficiently illuminate the same.” 

2754.. The extreme piers should not; if possible, be less than half the width of the 
principi^ piers. This cannot always be obtained, but a much less width causes great 
irregularity, and that more especially when one of such end piers falls opposite a chimney 
breast, besides causing a great mass of shadow on the other side of the chimney, which 
has a tendency towards making the room dark and gloomy. 

2755. Windows in the same story should be similar. There may be an occasioual de- 
viation for a great central window, but such deviation must be used with much caution. 
Another practice, most properly reprobated by Chambers, is that of intermitting the archi- 
trave and firieze of an order in the intervals between the columns to make room for windows 
and their enrichments, as on the fianks of the Mansion House in the city London; a 
practice from which Sir Christopher Wren was, unfo’^nately, not exempt, as may be 
noticq^ in St. PauVs Cathedral. 

2756. What are called Venetian windows arc occasionally allowable, when so ranged 
and introduced as not to interfere with the composition, — a task often difficult to effect. 
Tlwiy should not be much repeated, as in the front at Holkham, where they become actually 
disgusting. Though in the examples which follow there be two which are composed 
vrith semicircular-headed centres, we do not approve of the general use of examples de- 
signed on such principles, and would advise the student rather to study the composition of 
the Venetian window, when required, as in /ig. 968. » 
which we do not present as one of beauty, but rather 
of propriety, where the want of light to the apartment 
renders a Venetian window expedient. The method 
of Tuaking sashes, shutters, and the other accessories of 
windows- has been described in a previous section ; we 
tb^efore proce^ to offer a few of the most celebrated 
examples of windows. It is not necessary, after the 
inves^ation relative to the voids and solids of doors, 
to pursue the iji^mry into the rolative proportions of 
windows as respects that ps^ of the subject. They 
are, in a measure in regard to windows, subject to 
the same principles, and this, by trial, will be immedi- 
ately apparent to the student ; we therefore shall 
not stop for such investigation. 
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'2757. Fig. 969. is after the lower story of windows at St. Peter’s at Rome, by Micliael 
Angelo, and is rather less than the double square in height. The architrave is one seventh 



Fig. 969. 




of the aperture’s width, being the same as that of the pilasters. The length of the consoles 
is one third of the width of the aperture, and the entablature one quarter of its height, 

2758. Fig. 970. is from the Mattel palace at Rome, and is the design of Bartolomeo 
Ammanati. It possesses, though rather heavy, considerable beauty, and well deserves the 
attention of the student. Chambers, from whom we have selected many of our examples 
in this and others sections, says, “ the parts made somewhat less would succeed better, as 
would also a pediment instead of the sloped covering at top : ” but we entirely disagree 
with him, and are of opinion that what he proposes would ruin the design. 



Fig. 971. Fig. 972. 


2759. Figs. 971. and 972. are the compositions of Bernardo Buontalenti. The aper- 
tures are a double square, or something less, the architraves a sixth or seventh of the 
apertures, and the pilasters may be about the same. The height of the entablature should 
not be more than a quarter that of the aperture, nor much Ic^s. The greatest length of 
the consoles should not exceed half the width of the aperture, nor should their least length 
be less than one third of it. 

2760. Fig. 973. is from the old Louvre at Paris, and is by the celebrated Pierre Lescot, 
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abbot of Clugny in the reigns of Francis I. and Henry II. Its proportions are not much 
dissimilar from the two last examples. 



2761. Fig. 974. is a window constantly used by Palladio. The opening is a double 
square, the breadth of the architrave equal to one sixth of the aperture, and the frieze and 
cornice together equal to double the height of the architrave. The breadth of the con- 
soles equal to two thirds the width of the architrave. The breaks over the consoles in the 
bed mouldings of the cornice are perhaps not strictly correct, but are deviations from pro- 
priety which may be tolerated. The breaks in the upper vertical parts of the architrave 
would perhaps be better omitted. The practice generally should be avoided, except in 
cases where a greater length of cornice is wanted for the purpose of filling the bare walls 
to which the windows are applied. 

2762. Fig. 975. is from the Banqueting House at Whitehall, by Inigo Jones. The 
aperture is a double square, the entablature one fourth of its 

height, and the architrave somewhat more than one sixth of its 

2763. Fig. 976. is by Michael Angelo, and executed at the i 

Farnese palace at Rome. It possesses all the wildness and ^ 

fancy of the master, and though abounding with faults, is ^ “T J 

redeemed by its grandeur and originality. 3 

2764. In Jig, 977. is given the design by Ludovico da CigoU i | J 

of a window from the ground floor of the Renuccini palace I Jji 

in Florence. It can scarcely be properly estimated without its ^ 

connection with the fayade, to the character whereof it is in . ^ 

every respect suitable. 

2765. Fig. 978, is a design of Palladio, nearly resembling | 

that executed in the Barbarano palace at Vicenza, It has ‘ 

been imitated by Inigo Jones, and perhaps improved on by him, » ^ q,. 

in the flanks at Greenwich Hospital. * **’ 
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great painter and architect. It is executed in the Fandolfini palace at Florence, on the 
principal floor. The height of the aperture is a very little more than twice its width, the 
architrave is one seventh the width of the aperture. The columns, which are Ionic, are 



Pi*. 9»0. Fi*. 981. 


9 diameters high, and should be as much detached from the wall as possible. Hie distance 
of them from the architrave of the window is a quarter of a diameter, which is also the 
distance of the entablature from the top of the same architrave. The total height of the 
entablature is two ninths of that of the column, and the height of the pediment is one 
quarter of its base or somewhat less. The pedestals are one quarter of the height of the 
whole order. 

2768. Fig. 981. is one of the windows of the Bracciano palace at Rome, by Bernini. 
The aperture is more than a double square, and the architrave about one sixth the width 
of the aperture. The entablature is only one fifth of the height of the columns, in- 
cluding their sub-plinths, and the pediment is less in height than one quarter of its extent. 



Fi*. 982. Fig. 98S. 

2769. Fig. 982. is from the principal floor of the Palazzo Thiene at Vicenza. The 
aperture is two and two tenths of its width in height ; the columns are nine diameters high, 
and one quarter engaged in the wall. The under sides of the Ionic capitals are level with 
^ top of the aperture, having angular volutes with an astragal and fillet below the volute. 
The bases are Tuscan, and there are on each shaft five rustic dies of an equal breadth 
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count of the distance between their respective situations ; but if it be great, it must have a 
very bad effect ; and therefore this must be well attended to and remedied, either by the 
above-mentioned method, or by entirely omitting statues at the top of the building, leaving 
the balustrade either free, or placing thereon v^es, trophies, and other similar ornaments. ” 
Further on in the same work, the author says that niches, being designed as repositories 
for statues, groups, vases, or other works of sculpture, must be contrived to set off the 
things they are to contain to the best advantage ; and therefore no ornaments should ever 
be introduced within them, as is sometimes injudiciously practised, the cove of the niche 
being either filled with a large scollop shell, or the whole inside with various kinds of pro- 
jecting rustics, with moulded compartments, either raised or sunken, or composed of dif- 
ferent coloured marbles, for all these serve to confuse the outline of the statue or group. 
It is even wrong to continue an impost within the niche, for that is of considerable dis- 
advantage to the figures, which never appear so perfect as when backed and detached on a 
plain smooth surface. An excess of ornaments round the niche should likewise be avoided, 
and particularly masks, busts, boys, or any representation of the human figure, all which 
serve to divide the attention, and to divert it from the principal object.” 

2780. The depth of the niche should always be suflficient to contain the whole statue, 
or whatever else it is to contain, it being very disagreeable to see statues, or any other 
weighty objects, with false bearings, and supported on consoles or other projections, as is 
sometimes done, and in the case of nich^ the side views become exceedingly uncouth ; for 
in these a leg, an arm, a head, in short, those parts alone which project beyond the niche, 
appear and look like so many fragments, stuck irregularly into the wall.” We trust we 
shall be excused for this and many other long quotations from Chambers, on account of the 
strong common sense with which they abound, though not always expressed in the most 
elegant language that might have been selected. 

2781. We conclude the section with a few examples of niches, whose general propor- 
tions are sufficiently to be derived from the figures which represent them, and which, 
therefore, will not require our more minute description in this place, the diagrams them- 
selves being the more useful mode of submitting the subject to the student. 


Fig. 986. Fig. 987. Fig. 9g8. Fig. 989. 

2782. Fig. 986. is the simple niche, square and circular in the head and in the plan ; in 
the latter we have before, as a general rule, given the proportion of its height as twice and a 
half that of its width ; but the former, or the square-headed one, may be a double square, 
yet it never should exceed in height twice and a half its width. 

2783. Fig. 987. is a common form of using the niche where the opening of windows 
with which it is accompanied requires a correspondent square recess for the niches, as also 
in interiors where the leading lines may require such an expedient. 

2784. Fig. 988. shows the method of introducing niches in a rusticated basement, which 
is often requisite. The rustics are received on a flat ground, in which the niche is formed. 
The reader is not to understand that any of the 
figures are intended as models for imitation, but 
merely as modes on which, in using them, he may 
so work as to reduce them to his own views in 
the design whereon be is engaged. 

2785. Fig. 989. is from the plate of Palladio’s 
Egyptian Hall, and exhibits the violation of Cham- 
bers’s excellent maxim of not allowing the impost 
to be continued round the springing of the niche. 

If niches are merely introduced for play of light 
and shadow without reference to their reception 
of statues, the practice of this abuse may be to- 
lerated ; but certainly not in cases where statues 
are to be placed in them. 

2786. Fig. 990. is the niche accompanied by 
entablature, pediment, architraves, consolt^ and 
pedestals, as in the windows which have already 



Fig. 990. 
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been given, and tbeir proportion^ will serve as a guide in this ; the only difference being, 
that a niche is inserted within the architrave of the opening. 

2787. Fig. 991. is imitated from one of the niches of the Pantheon, for the details 
whereof the reader may refer to Desgodetz. 


Sect. XXII. 

CHIMNEY PIECES. 

2788. It is not our intention to devote much of a space, necessarily restricted, to the 
consideration of designs for chinmey pieces ; not because we consider them unworthy of the 
serious attention of the student, nor because the ever-varying fashion of the day seems to 
create a desire for new forms, but because they come under the category of doors and win- 
dows (strange as it may seem) in respect of the relation of the void to the solid parts. We 
are not aware that any view of this nature has heretofore been involved in the consideration 
of them, but we are not the more on that account to be driven from our hypothesis. The 
examples of chinmey pieces that have been given by Chambers, and, before him, by old 
Serlio, were but fashions of their respective days ; and if it be possible to establish some- 
thing like a canon on which they might be designed, we apprehend it would be useful to 
the student. 

2789. A chimney piece is the ornamental decoration applied to the aperture of a chimney 
opening, and it seems but reasonable that in its general distribution it should be subject to 
those laws which regulate the ornaments of other openings. The forms and fancies into 
which this ornament of a room may be changed are infinite, and we therefore consider that 
if its appendages can be drawn into a consistent shape we shall be of service in the few 



remarks subjoined. In 992. the chimney opening to be decorated is 4*0 wide and 
3 feet 6 inches high j its area is therefore equal to 4; 0x3:6=14 feet. The principle 
here recommended is to make the two supporting pieces equal to one half of that area, or 
seven feet, and the supported piece B equal to the other half. Now, as the height is 3 : 6, 
we shall have ^=2 for the width of the two piers, that is, each will be one foot wide. By 
the addition of these to the width of the opening, the dimension becomes six feet ; and as 
B is to contain seven feet superficial, it follows that |=1^ is the height of B that it may 
contain 7 feet. 

2790. In ^g. 993. we have shown the method of developing the principle; in it the 
support, load, and void bear the same relation to each other as in the preceding figure. 
The entablature is divided into three equal parts for the architrave, frieze, and cornice, and 
trusses are placed on the pilasters by the sides of the architrave. The tablet is of course 
not ri>6olutely required, and the trusses may be formed of leaves instead of being plain, as 
h«:e shown. 

2791. Mg. 994. is another mode of using the proportions given in Jig. 992., and upon 

it, as well as that last given, we have only to observe, they are not introduced as specimens 
of design, but solely with the view of illustrating a principle. The projection of chimney- 
pieces should not generally be greater than the whole width of the support, nor less thmi 
half. T. 

2792. We wish we could give some rule for adjusting the size of a chimney opening to 
that of the room it is to warm. Morris, in his Lectures on Architecture^ before quoted, 
imagined that he had found out one, and he speaks with confidence on the results which 
follow its use ; hut we con^^ we are not satisfied with them. We nevertheless should 
be wriHig in omitting it, and therefore give bis words for the consideration of the student. 
TTie first rule is as follows : — “ To find the height of the op^iing of the chimney from any 
given magnitude a room, add the length and height of the room together, and extract 
the square root of that sum, and half that root will be the height of the chimney.” Hie 
second rule is as follows : — “To find the breadth of a chimney from any given magnitude 
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whose inner «dcs are on a line with the sides of the aperture, and their projection equal to 
♦hat the plinth of the base, tliat is, one hfth of a diameter of the column. The keystcmes 
incline forwards towards the top, and they are hatched, only the sur&ce being left rough, 
as are likewise the dies on the columns, except at their angl^ which are x abbed smooth. 
The entablature is Ionic, the architrave consisting of only two fasche, the frieze swelled, 
and the dentil band placed immediately on the frieze, without any intervening mouldings, 
a practice not very unusual with Palladio. The pedestals are rather more than one thira 
the height of the columns. The dies and balusters stand on the platband of the basement, 
which was done to diminish the projection. 

2770. Fig. 983. is a design by Inigo Jones, which has been much used in this country. 
It is rather higher than a double square. The width of the architrave is one fifth that of 
the aperture, and the rustics are a trifie less than the third of it. The entablature is two 
ninths of the height of the opening, and the height of the pedestal is or nearly so, of 
the height of the aperture and pedestal taken togteher. 



Fig. 9S4. 



Fig. 9S6* 


2771. Ftg. 984. is the design of a Venetian window !)y Colin Campbell, the compiler 
of the three 6rst volumes of the Vitruvius Britannicus ; and 

2772. Fig. 985. is >ery similar to the Venetian windows in the west fa 9 ade of the Horse 
Guards, executed by Kent. It is perhaps as favourable an example of this species of 
window as can be produced. 


Sect. XXI. 

NICHES. AND STATUES. 

2773. A niche is a recess constructed in the thickness of a wall for the reception of different 
objects, such as statues more especially, but occasionally also for that of busts, vases, 
and tripods. Vitruvius makes no mention of niches, and but for an inscription published 
by Visconti in the Monumenti Gabini we should not have known that they were by the 
ancients called zothec<B, or place for the reception of a figure. Our English word niche is 
evidently derived from the Italian nicchia, a shell. 

2774. In the early Greek temple the niche is not found ; at a later period, as in the 
monument of Philopappus, we find a circular and two quadrangular-headed niches occupied 
in the time of Stuart by statues ; and it does not seem improbable that in the Gymnasia, 
Agora, Stadia, &e. of the nation mentioned, the use of the niche was not uncommon. But 
the different forms of the ancient tomb, and the early methods of sepulture, would soon 
suggest to the Greeks and Romans the use of the niche, especially in such tombs as were 
d^oted to the use of a particular family. These sepulchres, whose subdivisions were 
called columbaria^ had their walls ornamented with small niches for the reception of 
cinerary urns, or those contaimng the ashes of the dead. In these, a large-rized niche 
occupies the principal place in the apartment, and in this was deposited the urn or sarco- 
phagus of the head of the fomily. 

2*^75. The small temples (^tsdicula') of the Romans are often found decorated with niches ; 
and in the small building on the Lake of Albano, generally supposed to have been a 
Kympheum, we find each side of the interior dressed with six niches, whose height suffi- 
ciently indicates that they were provided for the reception of statues. In the temple of 
0iana, usually called the maison carree, at Nismes, which, however, is usually considered to 
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have been a building sacred to the Nymphs, the interior has two sides decorated with 
six Corinthian columns, and in the wall between each intercolumniation is a niche of the 
sort called tabernacles by the moderns. Each is placed on a pedestal, and is finished on 
the sides by pilasters alternately surmounted by segmental and triangular pediments. We 
do not, however, consider it necessary to enumerate the various Roman works wherein the 
niche finds a place, and shall therefore do no more than refer the student to the Pantheon, 
the temple of Peace, the arch of Janus, at Rome, and to its exuberant employment at 
Palmyra, Baalbek, and Spalatro. The buildings cited will ftimish him with examples of 
all sorts and characters. 

2776. The dresses of niches seem to bear an analogy to those of windows and doors in 
their form and decoration *, the niche, indeed, may be considered as an opening in a wall, 
and indeed there are, in the arch of Claudius Drusus, now the Porta Maggiore, at Rome, 
openings used as niches, in which an object placed may be seen from either side of the 
wall. It therefore appears not improper to dress the niche with the ornaments which 
custom has sanctioned for doors and windows. The author of the article “ Niche** in the 
Encyclopedie Methodique, has divided niches into three classes. The first are such as are 
square on the plan, and either square or circular-headed. These are the simplest, and are 
without dressings of any sort. Second, such as are square on their plans, and with square 
heads, but ornamented with dressings, or crowned with a simple platband supported by two 
consoles. In the third class are included all niches whose plan and heads are semicircular, 
either ornamented with festoons, or with dressings, or with columns and entablature. 
These, says the author, are to be introduced into buildings according to their several cha- 
racters, from simple to highly enriched, as requisite. 

2777, Some architectural authors have laid down positive rules for the proportions of 
niches. According to others the proportion is found in a niche twice and a half its width 
in height ; and indeed this produces a proportion not inelegant. But in considering the 
classes separately, they have divided the width of the niches invariably into twelve parts. 
To a niche of the first class they give twenty-eight of such parts; to one of the second 
class, thirty ; and to one of the third class, thirty-one parts. ITiis reduction, however, of 
the proportions of a niche seems to us to partake of empiricism ; pnd we would rather 
always trust to an educated eye than to rules which seem to have no basis on fitness and 
propriety. It is, however, to be recollected that all rules of art can be considered only as 
mean terme, serving more as approximations than positive laws for the guidance of the 
artist in the different combinations he imagines. 

2776. The use of tiers of niches over each other is condemned by J. F. Blondel, unless 
separated by a line of entablature between them, which may seem to indicate the existence 
of a floor j otherwise, he observes, one figure seems to stand on the head of another. 
This, however, is an abuse of reasoning ; not that it is to be understood that we think the 
practice very allowable. The recommendation of this master in respect of the relation 
between niches and the statues that are to occupy them is worthy of attention. He 
opposes, and we think with great propriety, the placing a statue without a plinth in the 
niche. The plinth is, indeed, necessary to the good effect of every statue ; and to pretend 
that the imitation in marble could or ever was intended to be mistaken for the object it 
imitates, would be to leave behind all those matters of convention in art for which the 
spectator is well prepared. In architectural decoration, no less than in the abstract imita- 
tion of the objects of sculpture, no one is desirous of believing them natural and living, but 
only as models of imitation. 

2779. Hie following observations are from Chambers, relative to the size of the statues 
used in niches. “ The size of the statue depends upon the dimensions of the niche : it 
should neither be so large as to seem rammed into it, as at Santa Maria Maggiore, in 
Rome, nor so small as to seem lost In it, as in the Pantheon, where the statues do not 

occupy above three quarters of the height of the niche, and only one half of its width. 

Palladio, in arched niches, makes the chin of his statues on a level with the top of the im- 
post (springing), so that the whole head is in the coved part. In the nave of St. Peter’s, at 
Rome, the same proportion has been observed, and it has a very good effect. The distance 
between the outline of the statue and the sides of the niche should never be less than one 
third of a head, nor more than one half, whether the niche be square or arched ; and when 
it is square, the distance from the top of the head to the soffite of the niche should not ex- 
ceed the distance left on the sides. The statues are generally raised on a plinth, the height 
of which may' be from one third to one half of a head ; and sometimes, where the niches 

are very large in proportion to the architecture they accompany, as is the case when an 

order comprehends but one story, the statues may be raised on small pedestals, by which 
means they may be made lower than usual, and yet fill the niche sufficiently, it being to be 
feared lest statues of a proper size to fill such niches should make the columns and entabla- 
ture appear trifling. The same expedient must also be made use of whenever the statues 
in the niches, according to their common proportions, come considerably larger than those 
placed at the top of the building. A trifling disparity will not be easily perceived, on ac- 
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of a room, add the length, breadth, and height of the room together, and extract the square 
root that sum, and half that root will be the height of the chimney.** Hie tlurd rule he 
^ves is, ** To find the depth of a chimney from any given magnitude, including the breath 
and hdght of the same, add the breadth and height of the chimney together, take one 
fourth of that sum, and it is the depth of the chimney.** His fourth and last rule is, “ To 
find the side of a square or funnel proportioned to clear the smoke from any given depth 
of the chimney, take three fourths of the given depth, and that sum is the side of the 
square of the fiiimel. Observe, only, that in cube rooms the height is equal to the breadth, 
and the foregoing rules are univer^,’* The rules given by Chambers are extremely vague 
and general. He says that “ in the smallest apartments the width of the aperture is never 
made less than from three feet to three feet six inches ; in rooms from twenty to twenty- 
four feet square, or of equal superficial dimensions, it may be four feet wide j in those of 
twenty-five to thirty, from four to four and a half ; and in such as exceed these dimensions, 
the aperture may be extended to five or five feet six inches ; but should the room be 
extremely large, as is frequently the case of halls, galleries, and salons, and one chimney of 
these dimensions neither afford sufficient beat to warm the room nor sufficient space round 
it for the company, it will be much more convenient, and far handsomer, to have two 
chimney pieces of a moderate size than a single one exceedingly large, all the parts of 
\Hiich would appear clumsy and disproportioned to the other decorations of the room.** 
It is well so to place the chimney as that persons on entering a room may at once see it. 
In this cUmate a cheerfulness is imparted by the sight of a fire ; but it is not to be so 
placed as to be opposite a door, neither ought it, if possible to be avoided, to be so placed 
as to have a door on either side of it. There are, however, circumstances under which 
even the last-named category cannot be avoided, but it is always well if it can. The fact 
is, that the further the door can, generally speaking, be removed from a chimney, the better; 
and the architect must, if the plan admit it (and he ought so to distribute his parts), avoid 
all cr(»s draughts of air in a room. Angular chimneys are only admissible in small rooms 
where space and other considerations permit no other means of introducing a chimney. 
We can hardly think it necessary to say, with Chambers, that “whenever two chimneys are 
introduced in the same room they must be regularly placed, either directly facing each 
other, if in different walls, or at equal distances from the centre of the wall in which they 
both are placed. He observes, however, with a proper caution to the student, that “ the 
Italians frequently put their chimneys in the front walls, between the windows, for the 
benefit of looking out while sitting by the fire ; but this must be avoided, for by so doing 
that side of the room becomes crowded with ornaments, and the other sides are left too 
bare ; the front walls are much weakened by the funnels, and the chimney shafts at the 
top of the building, which must necessarily be carried higher than the ridges of the roofs, 
have, from their great length, a very disagreeable effect, and are very liable to be blown 
down.” All these objections, however, may be easily answered, and the funnels collected, 
or shafts, as they then become, be, with skill, made even ornamental to a building. It is 
in cases like these that the power of the architect above the artisan is manifest. 

2793. Where the walls of a building are sufficiently thick, their funnels rise within the 
thickness of the walls, but in walls of a mean thickness this cannot be accomplished, for 
under such circumstances the walls and chimney pieces will necessarily project into the 
rooms, and if the break be great, the effect is unpleasant ; but this may always be obviated 
by making arched recesses on each side, which, in commoner rooms, may be occupied by 
presses or elects, thus enabling the architect to carry the comice unbroken round the 
room, a point which should never be forgotten, inasmuch as by the comice or entablature 
of the apartment being carried round it without a break, which gives the ceiling an unbroken 
and r^ular form, a regularity is preserved infinitely more satisfactory to the eye than the 
disagreeable appearance of a broken, and, we may say, disjointed comice. 

2794. Of the materials employed in the construction of chimney pieces, nothing more is 
requisite than to say that the costliness of the material must follow the wealth of the 
founder of the building. Warble, however, is the material usually employed, and the 
various sorts known are not unfrequently intermixed, so as to produce a pissing effect. 
When the aid of the sculptor is called in, much latitude is allowed in the proportions ; but 
on this head we hope we may, without prejudice, deliver our opinion, that the effect has 
never amounted to anything like what might have been expected from his extraneous aid; 
and the solution is easy : his object is not to produce a work in harmony with the apart- 
ment, but rather to exhibit his own powers. 

2795. In the external appearance of chimney shafts, so as to group them with the 
building to which they belong, no architect can be put in competition with Sir John Van- 
Imigh. Those of Blenheim, Castle Howard, and other of his buildings, exceed all praise 
and deserve the closest investigation of the student. They become in his works, as they 
always ^ould do, parts of the building, inseparably connected with it, and their removal 
would detract from the majesty of the structure with which they are connected. On this 
pmnt we are certain that the best advice that can be given to the student is a constant 
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contemplation of the works of Vanbrugh. In these days there seems to be a return to 
good feeling in this respect ; and we hope it will, for the credit of the English school, be 
tbllowed up. 


Sect. XXIII. 

STAIRCASES. 

2796. A staircase is an enclosure formed by walls or partitions, or both, for the reception 
of an ascent of stairs, with such landings as may be necessary. Of the construction of 
stairs we have treated in previous sections ; this will be conBned to general observations on 
them and their enclosures. 

2797. Scarcely any subdivision of a building is of more importance, as respects the 
character of the architect and the comfort and pleasant occupancy of it by his employer, than 
its principal and subordinate staircases. There is, moreover, no part, perhaps, in which 
more room is left for architectural and picturesque display. In our own country there 
are some extraordinary examples of great beauty produced in staircases on comparatively 
small scales ; whence the student may learn that without great space he may produce very 
imposing effects. One of these may be still seen, though in a very neglected state, as are 
most of the buildings attached to the collegiate church of Westminster, at one of the pre- 
bendal houses there built by our great master Jones. It is a specimen of his consummate 
skill as an artist, and well worth the attention of the student, if he can obtain admittance to 
view it ; but if he cannot, we may refer him to some plates executed from drawings made 
by us many years since, and published in the first and best edition of Illvstratiojis of il^e 
Piihlic Buildings of London (Lond. 1828). The extreme space occupied by the staircase in 
question does not exceed 24 by 23 feet ; and within these small dimensions he contrived a 
staircase fit for a palace. So highly did the late Sir John Soane think of this bijou that he 
had a series of drawings made to illustrate its parts, and exhibited them in bis lectures at 
the Royal Academy. 

2798. It is almost unnecessary to impress upon the student that an excess rather than a 
deficiency of light is requisite in a staircase, and that it should be easily accessible from all 
parts of the building. Those laws upon which the ease of persons ascending and descending 
depend will form the subject of two subsections shortly following (2804. and 2814.), to which 
we particularly recommend the reader’s attention. They are of the utmost importance, 
and we record with surprise that they have not been attended to by architects generally of 
late years. We have crept up staircases in houses of consequence, which deserved little more 
than the name of ladders, and we are sorry to say that this defect is found even in the works 
of Chambers himself; but never in those of Jones and Wren. We shall with these re- 
marks proceed to further observations on the subject, which has already been partially 
touched upon in 2176. et seq. 

2799. We know little of the staircases of the Greeks and Romans, and it is remarkable that 
Vitruvius makes no mention of a staircase, as an important part of an edifice ; indeed his 
silence seems to lead to the conclusion that the staircases of antiquity were not constructed 
with the luxury and magnificence to be seen in more recent buildings. The best preserved 
ancient staircases are those constructed in the thickness of the walls of the pronaos of 
temples for ascending to the roofs. Of this sort remains are found in several peripteral 
temples. That of the temple of Concord at Agrigentum is still entire, and consists of 
forty-one steps. According to Pausanias, similar staircases existed in the temple of the 
Olympian Jupiter at Elis. They were generally winding and spiral, like the inside of a 
shell, and hence are called scale a lumaca by the Italians, and by the French escaliers en 
limagon. Sometimes, as in the Pantheon at Rome, instead of being circular on the plan, 
they are triangular ; so were they in the temple of Peace, and in the baths of Dioclesian. 

2800. Very few vestiges of staircases are to be seen in the ruins of Pompeii ; from which 
it may be inferred that what there were must have been of wood, and, moreover, that few 
of the houses were more than one story in height. Where they exist, as in the building at 
the above place called the coimtry house, and some others, they are narrow and incon- 
venient, ^with steps sometimes a foot in height. Occasionally, too, we find private staircases 
mentioned, as in the description of Pliny’s Tusculan villa, where one was placed by the side 
of the dining room, and appropriated to the use of the slaves who served the repast. 

2801. The author of the article “ Escalier” in the Encyc. Method* observes that the mag- 
nificence of the staircase was but tardily developed in modern architecture, and that It owed 
much of its luxury to the perfection to which a knowledge of stereotomy brought the 
science of masonry. The manners too and the customs of dom^tic life for a length of 
time rendered unnecessary more than a staircase of very ordinary description. Thus in 
the earliest palaces the staircases seem to have been constructed for the use of the inba- 
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iMtasts only, posseting m &ct no more beauty than we now give to a back staircase. They 
are fiir the most part dark, narrow, and inconvenient. Even in Italy, which in the ^len> 
dour of its buildings preceded and surpassed all the other nations of Europe, the st^case 
was, till a late period, extremely simple in the largest and grandest palaces. Such are the 
staircases of the Vatican, Bernini’s celebrated one being comparatively of a late date. The 
old staircases of the Tuilleries and of the Louvre, though on a considerable scale, are, from 
their simplicity, construction, and situation, little in unison with the richness of the rest 
of these palaces. And this was the consequence of having the state apartments on the 
ground floor. When they were removed to a higher place, the staircase which conducted 

them necessarily led to a correspondence of design in it. 

' It will be observed that our observations in this section are confined to internal 

stresses. Large flights of steps, such as those at the Trinitd de' Monti and Araceli at 
Rome, do not come witfiin our notice, being unrestricted in their extent, and scarcely 
subject to the general laws of architectural composition. In these it should however be 
remembered that they must never rise in a continued series of steps from the bottom to the 
summit, but must be provided with landings for resting places, as is usually the case in the 
half and quarter spaces of internal stairs. An extremely fine example of an external flight of 
stmrs may be cited in those descending from the terrace to the orangery at Versailles. For 
simplicity, grandeur, design, and beauty of construction, we scarcely know anything in 
£urcq>e more admirable than this staircase and the orangery to which it leads. 

2803. The selection of the place in which the staircase of a dwelling is to be seated, 
requires great judgment, and is always a difficult task in the formation of a plan. Palladio, 
the great master of the moderns, thus delivers the rules for observance in planning them, 
that they may not be an obstruction to the rest of the building. He says, “ A puticular 
place must be marked out, that no part of the building should receive any prejudice by 
them. There are three openings necessary to a staircase. The first is the doorway that 
leads to it, which the more it is in sight the better it is ; and I highly approve of its 
being in such a place that before one comes to it the best part of the house may be seen, 
for although the house be small, yet by such arrangement it will appear larger ; the door, 
however, must be obvious, and easy to be found. The second opening is that of the win- 
dows through which the stairs are lighted ; they should be in the middle, and large 
enough to light the stairs in every part. The third opening is the landing place by which 
one enters into the rooms above ; it ought to be fair and well ornamented, and to lead 
into the largest places first.” 

2804. “ Staircases,” continues our author, " will be perfect, if they are spacious, light, 
and easy to ascend ; as if, indeed, they seemed to invite people to mount They will be 
clear, if the light is bright and equally diffused ; and they will be sufficiently ample, if they 
do not appear scanty and narrow in proportion to the size and quality of the building. 
Nevertheless, they ought never to be narrower than 4 feet ” (4 feet 6 inches English ♦), “ so 
that two persons meeting on the stairs may conveniently pass each other. They will be 
convenient with respect to the whole building, if the arches under them can be used for 
domestic purposes ; and commodious for the persons going up and down, if the stairs are 
not too steep nor the steps too high. Therefore, they must be twice as long as broad. 
The steps ought not to exceed 6 inches in height ; and if they be lower they must be so to 
long and continued stairs, for they will be so much the easier, because one needs not lift 
the foot so high ; but they must never be lower than 4 inches.” (These are Vicentine 
inches.) ** The breadth of the steps ought not to be less than a foot, nor more than a foot 
and a half. The ancients used to make the steps of an odd number, that thus beginning to 
asemd with the right foot, they might end with the same foot, which they took to be a 
good omen, and a greater mark of respect so to enter into the temple. It will be sufficient 
to put eleven or thirteen steps at most to a flight before coming to a half-pace, thus to help 
we^ people and of short breath, as well that they may there have the opportunity of 
restmg as to allow of any person filing from above l^ing there caught.” We do not pro- 
pose to give examples of other than the most usual forms of staircases and stairs; their 
variety is almost infinite, and could not even in their leading feature be compassed in a 
work like this. The varieties, indeed, would not be usefully given, inasmuch as the forms 
are necessarily dependent on the varied circumstances of each plan, calling upon the 
architect almost on every occasion to invent pro re nata. 

2805. Stairs are of two sorts, straight and winding. Before proceeding with bis design, 
the architect must alwaj^ take care, whether in the straight or winding staircase, that the per- 
son ascending has what is called headway, which is a clear distance measured vertically from 
any st^, quarter, half-pace, or landing, to the underside of the ceiling, step, or other part 
immediately over it, so as to allow the tallest person to clear it with his hat on ; and this !s 
the minimum height of headway that can be admitted. To return to the straight and 
windit^ staircase, it is to be observed, that the first may be divided into two Jliykts, or be 

* The Vicoitine f<K^ is about 13*6 inches English. 
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made quite square, so as to turn on the four sides round a close or open nevel, as 995. 

in which the former is the case, light being obtained by windows in the walls which enclose 
the newel ; or, as in fig. 996. : in which case, the newel is open, and the light may be received 
either from a vertical light above, or from side windows in the walls, Palladio says these 
two sorts of stairs were invented by Sig. Lewis Comaro, a gentleman of much genius, who 
erected for himself a magnificent palace at Padua. 

2806. Of winding or spiral stairs, some are circular on the plan, either open or with a 
solid newel ; others elliptical, also with open or solid newels. Those with the open newel 
are preferable, because of their allowing the staircase to be lighted additionally, if requisite, 
by the light dbtainable from above ; besides which, persons passing up and down may sec 
each other. Palladio thus directs the setting out of spiral staircases. “ Thos^” he 

“ which have a newel in the middle are made in this manner. The diameter being divided 
into three parte, two are given for the steps, and the third is for the newel ; or, otherwise, 
the diameter may be divided into seven parte, three of which are for the n^el a^ four 
for the steps. “ Hius,” he says, “ was made the staircase of the column of Trqjan at Rome , 
and if the stairs are made circular, ” (that is, the treads segments of circles on the plan,) 
“ they wUl be handsomer and longer ” (of course) “ than if m^e straight. 

2807. “ But as it may happen that the space will not give room for these m^ures, 

the diameter may be reduced and divided according to the plates. The essence of these 
plans, omitting the step whose plan is segmental, we here subjoin. , . , 

2808. Fig. 997. is a plan and section of a staircase with a solid newel, m which the 
whole diameter is divided into thirteen parts, and of these four are given to the newel, 
and the reminder divided equally between the steps. 




2809. Fig. 998. is the plan and section of a spiral staircase with an open newel, wherein 
the diameter is divided into four parts, two being given to the newel, and the remainder 
equally divided between the steps. 

2810. Fig. 9^. is the plan and section of an elliptical staircase with an open neweh The 
conjugate ^meter b divided into four parts, whereof two are given to the conjugate 
diameter of the newel, and the renuunder one on each side to the steps. 

2811. In^^. 1000. the same stmrcase b given, but with a solid newel, and course re- 
quiring many openmgs on the sides to light it. 

2812. It b not riie difficulty of multiplying the examples of staircases which prevents 
our proceeding on thb head, but the space into which our work b to be condensed. Snough 
cd* example has been ^ven, by using portions of the examples, to meet every case, the deco- 
ration bring dependent on the derign of the architect, and the distribution on his good sense 
in the application of what we have submitted to him. 

2813. There is, however, one important point in the construction of a staircase to which 
we must now advert, and that b easiness of ascent Blondel, in hb Cours ^Architecture, 
was, we believe, the first architect who settled the proper relation between the height and 
whith of steps, and hb theory, for the truth whereof, though it bears much appearance of 
It, we do not pledge ourselves, b as follows. 

2814. Let ar=the space over which a perwn walks with ease upon a level plane, and 

r»the height which the same person could with equal ease ascend vertically. Hien if A be 
the height of the step, and w its width, the i^btion between h and w must be such that 
when A— 0, and when h^z,w^O. These conditions are fulfilled by equations of the 
form (x— w) and w=x— 2A. Blondel assumes 24 (French) inches for the value of 

X, Mid 12fbrtbat<:d’z. We are not sufficiently, from experiment, convinced that these are the 
proper values ; but, following him, if those values be subttituted in the equation A s (24 ^ ter), 
and w=24— 2A: if the height of a step be 5 inches, its width riiould be 24— 10=14 indies, 
and it most be eovSesBed diat experience seems to confirm the theory, for it must be ob- 
served, and every person who has built a staircase will know the feet, diat the merely 
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reducing the height of the risers without giving a correspondent width of tread to the step 
is inconvenient and unpleasant. 


Sect. XXIV. 

CEILINGS. 

2815. Economy has worked so great a change in our dwellings, that their ceilings are, 
of late years, little more than miserable naked surfaces of plaster. This section, therefore, 
will possess little interest in the eye of speculating builders of the wretched houses erected 
about the suburbs of the metropolis, and let to unsuspecting tenants at rents usually about 
three times their actual value. To the student it is more important, inasmuch as a well- 
designed ceiling is one of the most pleasing features of a room. 

2816. There is, perhaps, no type in architecture more strictly useful in the internal distri- 
bution of apartments than that derived from timber-iraming ; and if the reader has understood 
our section on floors, he will immediately see that the natural compartments which are formed 
in the carpentry of a floor are such as suggest panels and ornaments of great variety. 
Even a single-framed floor with its strutting or wind-pieces between the joists, gives us 
the hint for a ceiling of coffers capable of producing the happiest effect in the most insig- 
niflcant room. If the type of timber-framing be applied to the dome or hemispherical 
ceiling, the interlies. between the main ribs, diminishing as they approach the summit, 
form the skeletons of the coffers that impart beauty to the Pantl^n of Agrippa.^ We 
allude thus to' the type to inculcate the principle on which ornamented ceilmgs are designed, 
being satisfled that a reference to such type will insure propriety, and bring us back to that 
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fitness which, in the early part of this Book, we have considered one of the main ingre- 
dients of beauty. If the panels of a ceiling be formed with reference to this principle, 
namely, how they might or could be securely framed in the timbering, the design will be 
fit for purpose, and its effect will satisfy the spectator, however unable to account for 
the pleasure he receives. Whether the architrave be with plain square panels between it 
and the wall, as in the temples of the Egyptians, or as at a later period decorated with coffers, 
for instance in the Greek and Roman temple, the principle seems to be the same, and verifies 
the theory. The writer of the article Plafond ** in the Eneyc. Meth. has not entered into the 
subject at much length, nor with the ability displayed in many other parts of that work ; 
but he especially directs that where a ceiling is to be decorated on the plane surface with 
painting, the compartments should have reference to the comtruction. With these preli-* 
minary observations, we shall now proceed to the different forms in use. Ceilings are either 
flat, coved, that is, rising from the walls with a curve, or vaulted. They are sometimes, 
however, of contours in which one, more, or all of these forms find employment. When a 
coved ceiling is used, the height of the cove is rarely less than one fifth, and not more tlmn 
one third the height of the room. This will be mainly dependent on the real height of 
the room, for if that be low in proportion to its width, the cove must be kept down ; when 
otherwise, it is advantageous to throw height into the cove, which will make the excess of 
the height less apparent. I^ however, the architect is unrestricted, and the proportions 
of the room are under his control, the height of the cove should be one quarter of 
the whole height. In the ceilings of rooms whose figure is that of a paraHelogram, 
the centre part is usually formed into a large fiat panel, which is commonly decorated 
with a flower in the middle. When the cove is used, the division into panels of the ceil- 
ing will not bear to be so numerous nor so heavy as when the ceiling appears to rest on 
the walls at once, but the same sorts of figures may be employed as we shall presently 
give for other ceilings. If the apartment is to be highly finished, the cove itself may be 









decorated with enriched panels, as in the Jigs, 1001, 1002, 1003, 1004, 1005, 1006. In all 
ceilings it is desirable to raise the centre panel higher than the rest, and the main divi- 
sions representing the timbers in flat ceilings should, if possible, fall in the centre of the 
piers between the windows. 

2817. Fig, 1007. shows the ceiling of a square room in two ways as given on each side 
of the dott^ line, or it may be considered as representing the ends of a ceiling to a room 
whose form is that a parallelogram. The same observation applies to Jigs. ] 008. and 
1009v The sofites of the beams should in all cases approach the width they would be 
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Fig. 1007. Fig. 1008. Fig. 1009. 


considered as the sofites of architraves of t}ie columns of the ord^ to which the comiee 
belongs, and they may be decorated with guiloches, as in^^. 1010., or with frete. (See the 
word “ Fret" in Glossary.) 



2818. In the two following hgures (1011. and 1012.) are given four examples of rooms 

which are parallelograms on the plan, and above each is a section of the compartments. 





y' I 

1 

1 

1 

1 



Fig. 1011 Fig. 1012. 

2819. As to the proportion of the comice, it ought in rooms to be perhaps rather less 
than in balls, salons, and the exterior parts of a building ; and if the entablature be taken at 
a fifth instead of one fourth of the height, and a proportional part of that fifth be taken for 
the cornice, it cannot be too heavy. Perhaps where columns are introduced it will be better 
to keep to the usual proportions. Chambers, if followed, would make the proportions still 
lighter than we have set them down. He says that if the rooms are adorned with an entire 
order, the entablature should not be more than a sixth of the height nor be less than a 
seventh in flat>ceiled rooms, and one sixth or one seventh in such as are coved ; and that 
when there are neither columns nor pilasters in the decoration, but an entablature alone, 
its height should not be above one seventh or eighth of those heights. He further says 
that in rooms finished with a simple comice it should not exceed one fifteenth nor be less 
than one twentieth, and that if the whole entablature be used its height should not be more 
than one eighth of the upright of the room. In the ceilings of stsdrcases the cornices must 
be set out on the same principles ; indeed in these, and in halls and other large rooms, the 
whole of the entablature is generally used. In vaulted ceUings and domes the panels are 
usually decorated with panels similar to those in Jigs. 1001, 1002, 1003, 1004, 1005, lOOfi., 
but in their application to domes they of course ^minish as they rise towards the eye of 
the dome. (See 2837.) 


Sect. XXV. 
raoFORTioNs or booms. 

5^20. Hie use to which rooms are appropriated, and their actual d imens ions, are the 
principal points for consideration in adjusting the proportions o( apartments. Abstract^Uy 
conddered, all figures, from a square to the sesquialteral proportion, may be used for the 
plan. IMfony great masters have carried the proportion to a double square on the plan ; 
but except the room be subdivided by a break the height is not easily proportioned to it 
This objection does not however apply to long galleries which are not restricted in length. 
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on which Chambers remarks, “ that in this case the extraordinary length renders it im- 
posab^ fiiKr the eye to take in the whole extent at once, and therefore the comparison be- 
tween the height and length can never be made.** 

2821. The figure of a room, too, necessarily regulates its height. If a room, for example, 
be coved, it should be higher than one whose ceiling is entirely flat When the plan is 
square and the ceiling fiat the height should not be less than four fifths of the side nor 
more five ^xlhs ; but when it leaves the square and becomes parallelogramic, the 
height n^y be equal to the width. Coved rooms, however, when square, should be as high 
as they are broad ; and when parallelograms, their height may be equal to their width, in- 
cr^ised ftom one fifth to one third of the difference between the length and width. 

2822. The height of galleries should be at least one and one third of their width, and at 
the most perhaps one and three fifths. “ It is not, however,*’ says Chambers, “ always 
possible to ol^rve these proportions. In dwelUng-houses, the height of all the rooms on 
the same floor is generally the same, though their extent be different ; which renders it 
extremely difficult in large buildings, where there are a great number of different-sized 
rooms, to proportion all them well. The usual method, in buildings where beauty and 
magnificence are preferred to economy, is to raise the halls, salons, and galleries higher 
than the other rooms, by making them occupy two stories ; to make the drawing-rooms or 
other larg^t rooms with flat ceilings ; to cove the middle-sized ones one third, a qtiarter, or 
a fifth of their height, according as it is more or less excessive ; and in the smallest apart- 
ments, where even the highest coves are not sufficient to render the proportion tolerable, it 
is usual to contrive mezzanines above them, which afford servants’ lodging-rooms, baths, 
powdering^rooms,** (now no longer wanted !) “ wardrobes, and the like ; so much the more 
convenient as they are near the state apartments, and of private access. The Earl of 
Leicester's house at Holkham is a masterpiece in this respect, as well as in many others : 
the distribution of the plan, in particular, deserves much commendation, and does great 
credit to the memory of Mr. Kent, it being exceedingly well contrived, both for state and 
convenience.** 

2823. In this country, the coldness of the climate, with the economy of those who build 
superadded, have been obstacles to developing the proper proportions of our apartments ; 
and the consequence is, that in England we rarely see magnificence attained in them. We 
can point out very few rooms whose height is as great as it should be. In Italy, the rules 
given by Palladio and other masters, judging from their works, seem to be sevenfold in 
respect of lengths and breadths of rooms, namely, ~~ 1. circular ; 2. square •, 8. the length 
equal to the diagonal of the square ; 4. length equal to one third more than the square ; 
5. to the square and a half ; 6, to the square and two thirds ; or, 7. two squares full. As 
to tl^ height of chambers, Palladio says they are made either arched or with a plain 
ceiling : if the latter, the height from the pavement or floor to the joists above ought to be 
equal to their breadth ; and the chambers of the second story must be a sixth part less 
than them in height. The arched rooms, being those commonly adopted in the principal 
story, no less on account of their beauty than for the security afforded against fire, if square, 
are in height to be a third more than their breadth ; but when the length exceeds the 
breadth, the height proportioned to the length and breadth together may be readily found 
by joining the two lines of the length and breadth into one line, which being bisected, 
one half- will give exactly the height of the arch. Thus, let the room be 12 feet long 
and 6 feet wide, — ^ = 9 feet the height of the room. Another of Palladio*s methods of 
proportioning the height to the length and breadth is, by making the length, height, and 
Inreadth in sesquialter^ proportion, that is, by finding a number which has the same ratio 
to the breadth as the length has to it. This is feund by multiplying the length and breadth 
togeth^, ^d taking the square root of the product for the height. Thus, supposing the 
length 9 and the breadth 4, the height of the areh will be V9 x 4=6, the height required; 
the number 6 being contained as many times in 9 as 4 is in 6. 

2824. The same author gives still another method, as follows : — Let the height be 
assumed as found by the first rule ( = 9), and the length and breadth, as before, 1 2 and 6. 
Multiply the length by the breadth, and divide the product by the height assumed; then 
^^=8 for the height, which is more than the second rule gives, and less than the first 
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CHAP. 11. 

COMBINATION OF PARTS. 


Sect. I. 

GENERAL PRINCIPLES OF COMPOSITION. 

2825. The end of architecture, without whose lud no other art can exist, is not merely 
to please the eye, but so to provide against the changes of the seasons as to be serviceable 
to man. Pleasure to the eye may, however, result from the useful, well combined with the 
beautiful modifications whereof it is susceptible. It is in combining thus that the genius 
of the architect is exhibited. The art of decorating a well-proportioned edifice is a 
very secondary and comparatively easy part of his work, though requiring, of course, the 
early cultivation of his taste and an intimate acquaintance with the parts, whereof this 
may be taught and that acquired ; but the distribution and arrangement of the several 
portions on the plan, upon which every accessory is dependent, requires great knowledge 
and considerable experience. And in this is involved not only the general convenience and 
effect of the building, but what is of much consequence to the proprietor, the cost of the 
work. None but those practically conversant with the planning of a building would be- 
lieve the saving that may be produced by proper distribution. In the case of many external 
breaks, for instance, much addition arises in the length of walls enclosing the edifice, 
without generally increasing the convenience of the interior, but always when the elevation 
comes to be adapted to the plan, with the certainty of breaking up the masses, and destroying 
the simplicity of the effect. This is mentioned merely as an instance of simplicity of plan 
always producing simplicity of section and elevation. The luxury and richness of de- 
coration and the gener^ appearance of a facade is the main source of the pleasure derivable 
from the exercise of the ait, by persons unacquainted with it ; and it is curious that these are 
the only matters with which the reviewer-critics of the day trust themselves, well knowing 
how quickly their ignorance would be discovered the moment they should pass the threshold, 
and discourse on the economy and distribution of a building. It is, indeed, singular in 
these days of art-reviewing, that for the last twenty years not a single paper of any vcduehas 
appeared in any of the periodicals, in which the writer has ventured on that part cf the 
object. The fact is, that the number is very limited of those who can comprehend the plan 
of a building, or who, on walking over it, can so arrange in their minds the distribution of 
the several portions as to have the smallest notion whether it has been skilfully composed. 
The spectator, like the reviewer, looks at the fa^a^, perhaps connects it in an angular 
view with one of the flanks, says it is heavy and mean, or grand and magnificent, according 
to his temperament and education, always excusing himself by admitting he does not 
understand architecture, but “ he knows what pleases him.” Now we doubt whether such 
persons in reality do know what pleases them, and we are certain they would l)e more 
suited for judges if they had “ reason for the fruth ” that is in them. 

2826. All ornament in architecture is non-essential, inasmuch as the pleasure received 
by the eye is not its end. To public and private utility, the wel&re and comforts of indi- 
viduals, which are the ends of the art, every other point must be sacrificed ; and it is 
only when these have been accomplished that we are to think of decoration. We well 
remember the time, in our younger days, when the facade of the building to be designed 
was with us the important object of consideration. We have lived to know better; 
and the first time we seriously began, now many years since, to fall away from the error, 
arose from the anecdote told of a certain nobleman, who, having boast^ to a friend of 
the beauty of the frt^ade of his house, which within was exceedingly ill contrived, was tola 
that be thought the peer would do well to take the bouse opposite, that be might 1^ thus 
always able to look at it. Those who make the internal parts of an edifice subservient to 
the project of a facade, and tuijust their plan and section to the elevation, must be con^dered 
as making the end of less importance than the ornament of the b uilding . ^Those who work 
in this mo<^ produce little variety in their designs, which, num^ous though they be, 
consist of but few different combinations, whilst those that result from the natur^ order of 
making the ^^ade subservient to the internal parts which the plan and section impose, are 
susceptible of infinite variety and decoration. 

2827. It is not, however, to be supposed that we are, in what has been said, sanctioning 
the studenVs neglect of careful composition and adjustment oS the^ facades. Upon the 
adwtation of the different fronts of the building to sort with the internal convenience, 
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the greatest care ^ould be bestowed. It is from tixese his reputation is likely to flow, be- 
cause Aey are the parts most susceptible of comprehension by the public. The architect will, 
npoa every succeeding day*s experience, find that the two objects are not incompatible ; 
but if such a case, which is possible, arise, he had far better sacrifice the fa9ade, consider- 
ing firit the comforts of those who are to inhabit the house, and then ^e gratification 
of those who are only to look at it. 

2828. Durand has well observed that compositions conducted on the above principles 
please. ** Has not nature,” says that author, ** attached pleasure to the satisfiiction of 

our wants, and ^re our most lively pleasures other than the satisfiiction of our most press- 
ing wants ? These wants are better satisfied in the interior distribution of a building than 
in the exterior.” Who leaves the Pantheon without more satis&ction than he expected 
firom tbiM^w.of the portic(^ fine though it be? Again, faulty as are both St. Peter’s and 
St. Paid% will any one who imderstands the subject aver that he has received more plea- 
sure from their respective Ia 9 ades than from their noble interiors ? Ibe pleasurable sensa- 
tions produced by both are entirely dependent on their interior distribution. But when we 
find that in the former of these buildings there is no mockery of a dome, the interior and 
exterior being as frr dependent on each other as the circumstances of construction would 
permit, whilst the dome of the latter is worse than a mockery, the interior and exterior 
domes having nothing in common with each other, the last being no more than a timber 
leaded appurtenance to the frbric. Wren, with all his greatness, for great he was, shrinks 
into notbmgne^ by the side of Michael Angelo, although the external form of the dome 
lion don be more elegant than that of the Vatican. This is a strong but not a forced illus- 
tration of our opinions, the good sense whereof must be left for appreciation to our readem, 
who, we doubt not, on a little reflection, will concur with us. 

2829. In ninety-nine cases out of a hundred the student will find that a good distribution 
of his plan leads him, with anything like ordinary tact, to the composition of good sections 
and go^ elevations, far better, indeed, than he could arrive at by pursuing an opposite 
course. In domestic Gothic architecture, this is notorious, for in that a regular distribu- 
tion of the openings would often produce the tamest and least picturesque effect. The 
Gothic architects placed windows internally where only they would be serviceable, letting 
them take their chance in the exterior. It is not to be understood, because such would be 
rather that this method will exactly suit the principles of composition in Italian archi- 
tecture ; but it is well known to practiced men that a required opening in a particular place, 
instead of being a blemish, may be converted on many occasions into a beauty. Indeed, it 
is incontrovertibly true that distribution and disposition are the first objects that should 
engage the architect’s attention, even of him whose great aim is to strike the attention by 
ornament, which can never please unless its source can be traced to the most convenient 
and economical distribution of the leading parts. Theorists may be laughed at, but it does 
not move us, nor diminish our regret to see many architects without any other theory than 
that whereon, in an inverted position, their own wild fancies are grafted. If what we have 
stated be true, and from the nature of thin^ we cannot imagine a controversy can arise 
up<m our ol^rvations, the talent of the architect is to be estimated, as Durand properly 
observes, according to his solution of the two following problems: — 

first. For a given sum, as in private buildings, to erect the most convenient and suit- 
able, bouse for his employer. 

Second Die requisites in a building being given, as in public buildings, to erect it at 
the smallest possible expense. 

2830. An investigation of all the modes of accomplbhing tbese deriderata can only be 
faUy effected in a work of much larger extent than this; but we have, in the practical 
parts ci our volume, so prepared the reader, that he will not generally be at a loss in respect 

the construction of a building, whatever its nature or destination. 


Sect. II. 

DKAWIKGS NECESSABT IN COMPOSITIOK. 

2831. In the preceding parts of the work, we have described at as great a length as 
could be necessary the different parts that enter into the composition of a building, such as 
the orders, windows, doors, balukrades, and the like, which may be compared to the notes 
of the scale used in musical composition. These were placed in the foremost rank of our 
arrangement, otherwise we must have been, as it were, without words for our discourse or 
notes for the symphony we would produce. We have, moreover, imder the section on 
drawing, given such general hints for what the musician might technically call scorinc 
them, as ought to leave him in no diflSculty as to what now follows ; and we have arri^ 
at the period when he cannot be supposed to want further instructions in these respects. 
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2832. For the thorough comprehension of a projected edifice, at least three drawings 
are necessary, the plan, the section, and the elevation. The first is an horizontal section of it, 
the second the vertical section, which shows the building as if it were cut in half, and that 
half nearest the spectator, removed from its plan, so as to permit the inner parts to become 
visible, and the third is the geometrical appearance of the front represent^ as if viewed 
from an infinite distance, in which no convergence of the lines would be seen. 

2833. In making a design, it is alwaj’s better to put 
the general idea together on a single sheet of paper, and 
consequently, in most cases, on a small scale. This, 
in afterwards making the drawings, is, as may be ne- 
cessary, increased in size. The three parts being drawn 
under one another, as shown in Jig. 1013., wherein the 
middle diagram is the plan, the lower one the section, 
and the upper one the elevation. By thus beginning on 
a single sheet, in which the whole is before the eye, the 
corresponding lines are more readily transferred from 
one part to another. Having drawn through the middle 
of the paper the vertical AA, cut at right angles by 
the horizontal line BB, draw the required centres or 
axes of the walls CC and DD, and supposing the build- 
ing is to be square, with the same opening of the com- 
passes set out the axes of the return walls EE and 
FF. Having determined the thickness of the walls, 
one half may be set out on each side the axes, as in 

and dd, and then the lines showing the thick- 
nesses of the walls may be drawn. The width of 
openings in the walls may be next set out, half on each 
side the axes BB and A A, first drawn towards hb and 
aa, and the lines drawn to their places. Having thus 
proceeded, we shall discover that not only has the plan 
been drawn, but at the same time a considerable portion 
of the section and elevation. To distinguish the voids 
from the solids, the latter should be coloured or 
hatched, and then the next step will be as follows : — 

Parallel to the principal axis BB, draw the ground lines 
GG and GG. From these lines the heights of the 
building, its cornice and openings, may be set up in the 
section and elevation ; and afterwards, the height of the 
roof and projection of the cornice having been de- 
termined, they may be set out and drawn. In the 
section, as in the plan, it is usual either to colour or 
hatch the solid parts, as we have done in the figure. 

2834. Simple as the above process maybe, it contains 
the whole elementary part of the mechanical process 
necessary for making a design. It might have been 
conducted on a more complicated mass, but had we done 
so, it would not have been so well understood, and we 
therefore deprecate any observations on the simpleness 
of our proce^ by those who have been brought to know 
these things by practice and experience. We do not, 
however, feel we should discharge our duty before 
closing this section, without a censure on the attempt 
to convert drawings of geometrical elevations and sec- 
tions ^ into picturesque representatioiK, because such 
practice is not only injurious to the art, but is dishonest, and has a tendency to mislead 
the architect’s employer ; and we are sorry to say that it is not unfrequently done with 
such a view. We denounce it, and without hesitation aver that the casting of shadows 
on a design is only admissible for the purpose of showing the relative depths of projecting 
parts ; and when so admitted, the medium should be confined to Indian ink or sepia, and 
thrown in merely in masses, the apertures being just slightly filled in with the same 
colour. 
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Sect. III. 

CAISSOKS IN CTLINDRICAI. AND HEMISPHERICAL VAULTING. 

S83^ Previous to further proceeding, it will be expedient to touch on the method of 
setting out the caissons or sunken panels in cylindrical vaults and domes, a process 
required almost in every building of importance, and imparting great beauty to the effect 
the interior when properly introduced : it is, indeed, one of the elements in composing 
them, grid must therefore be well understood before the student can succeed in developing 

his ideas. ^ 

^36. In setting out the ribs of cylindrical vaultmg, the vertical ones are supposed as 
foiling on supports below the springing ; but if such supports fall too wide apart, the 
emssons theimelves will be too wide, and the space must be divided into a greater number ; 
in which case, if practicable, an odd number is to be preferred, taking care that the caissons 
are not too much reduced in width. This, however, is only for the purpose of ascertaining 
roughly how many caissons may be used in the circuit of the vault ; and it is to be remem- 
bered that they must be of an odd number, because a tier of caissons should always extend 



P.g. lOU. F.tf. 


along the crown of the vault. Fiff. 1014. is an example of a cylindrical vault wherein the 
number of crissons is dve. A is one half of its transverse section, and B a small portion of 
the longitudinal section. The width of the ribs between the caissons is one third of them; 
hence, if the number of caissons, as in the example, le five, the arch must be divided into 
twenty-one parts, one of which parts will be the width of a rib, and three will be given to the 
width of a caisson. As we have just observed, a caisson is always placed in the centre ; 
we shall therefore have the half-arch = 1^4- 1 + 3 + 1 + 3 + 1 = 10| and 10^x2 = 21. The 
’ertical lengths of the sides of the caissons thus found will regulate the borixontal lengths 
of their sides, inasmuch as they should be made square. If the caissons in the vault be 
seven in number, as in Jig. 1015., the sofite or periphery must be then divided into twenty- 
nine parts ; if their number be nine, into thirty-seven parts ; and so on increasing by eight 
each step in the progression, '[he caissons may be single or double sunk, or more, accord- 
ing to the richness required; their centres may be moreover decorated with ^eurows, and 
their margins moulded with open enrichments. Where the apartment is very highly orna- 
mented, the ribs themselves are sunk on their fecc, and decorated with frets, guiloches, and 
the like, as mentioned for ceilings in Chap. I. Sect. XXIV, Durand, in his Cours 
tT Architecture^ regulates the width of the cai^ons entirely by the interaxes of the columns of 
the building ; but this practice is inconvenient, because the space may in reality be so great 
as to make the caissons extremely heavy, which is, in fact, the case in the examples he gives. 

2837. In the case of dome or hemispherical vaulting, the first point for consideration is 
the number of caissons in each horizontal tier of them ; and the student must recollect that 
allowing, as before, one third of the width of a cai^n as the width of a rib, the number 
of parts into which the horizontal periphery (whereof e'e' on the planA is one quarter, and 
its projected representation at ee on the section B) is to be divided (^Jig. 1016.) must be 
multiples of 4, otherwise caissons will not fall centrally on the two axes of the plan. 
Thus, 

A dome having 16 caissons in one horizontal tier must be divided into 64 parts. 

80 ditto. 

96 ditto. 

1 i 2 ditto. 

128 ditto. 

and so on increasing by 16 for each term in the progression. In the figure the number of 
caissons is rixteen. The semi-plan is divided into thirty-two parts, three whereof are given to 
each caisson, and one and a half to each half-caisson on the horizontal axis of the plan. From 


20 ditto 
24 ditto 
28 ditto 
32 ditto 
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tile divisions thus (ditained lines are car- 
ried up to the section ah, cd, ed. As 
the projected representations of the great 
circles of a sphere are ellipses, if fhnn 
h,b,d,d we coi^ruct a series of semi- 
ellipses whose transverse diametera are 
equri to the semi-diameter of the sphere, 
and their conjugate axes determined 
ti'om the points of intersection h, h, d, d, 
we shall have the vertical sides of the 
caissons. The next part of the process 
is to ascertain the ratio of diminution 
in the heights of the tiers of caissons 
as they rise towards the vertex, so that 
they may continue square in ascending. 

Upon a vertic^ line CC', whose length 
is equal to the developed length of the 
line of dome ^ or in other words, 
whose length is equal to one quarter of 
the length of a great circle of the sphere, 
to the right and left C set out at g and 
g the half width of the caisson ob^ned 
ftom the plan, and make hg, hg equal 
to one third of the caisson for the width 
of the ribs on each side. Draw lines to 
the vertex of the developement from hh 
and gg. A diagonal hi being then drawn, 
the horixontai line ik will determine the 
lower edge of the next caisson upwards. 

Proceed in this way for the next from I 
and so on. The heights of the caissons 
thus obtained, being transferred to the 
section on the quadrant ef, will give the 
proportionate <Uminution thereon of the 
caissons as they rise. They are discon- 
tinued, and the dome is left plain, when 

they bMome so smaU as to lose their effect from beW, and indeed they could not beyond 
a certam Urait be executed. ^ 


Sect. IV. 

UOaiZONTAL AND VERTICAL COMBINATIONS OF BUILDINGS. 

2838. different elements of a building are ranged by the side of or above each other, 
and m designing an edifice both these combinations must be kept in mind, though in the 
^dy of the subject, in order to lighten the labour, they may be separately considered, 
fte two species of disposition are horizontal, as in plans, and vertical, as in sections and 
elevations. 

2839. As respects horizontal disposition of the elements of a fabric, beginning with 
columns, their distance in the same edifice should be equal, but that distance may be varied 
as c^umstan^ require. In buildings of small importance, the number is reduced as 
much M p^ible, on the score of economy, by increasing the distance between them ; but 
m public bu Udmg s they should be introduced in greater number, as contributing to the 
greater solidity of the edifice by affording a larger number of points of support. They 
ought no^ however, to be at all introduced except for the formation of porticoes, galleries, 
and the like sub^visions. The least distance at which they can be properly placed from a 
wall is that which they are apart from one another. This distance, indeed, suits well 
enough when the columns are moderately wide apart ; but when the intercolumniations 
are sm^ rampared with their height and the diameter of the coluznx^ their distance from 
the walls in porticoes must be increased, otherwise these would be much too narrow for 
their height, affording shelter neither the sun’s rays nor from the rain. On this 
account, under saich circumstance they may be set from the walls two or three times the 
distan^ between the axes of the columns. From this arrangement will result an agreeable 
and suitable proportion between the parts. 

2840. The ceiling of a portico may be level with the under side of the architrave, or it 
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be fltfnk the ^pth crf’the ardutrav^ which may retm^ ^irectkHi towards ^ wsdl^ 

th w e yiiplp panels in the ceilingt or the ginning of' panels may be w much as 

the wlmle faea^t of tlm entablature, whose mouldings ^lould then be canwd round them. 
'When several ranks of columiu occur in a portico the central part is sometimes vaulted, the 
two orntxal ft plumns of the width being omitted. Hie method oi dispoting pilasters in 
respect their diminution has been treated of in a former part cd* this work. (2671, ct scg.) 

2841. The exterior walls which enclc^ the building should run as much as po^ible in 
itfrught continued lines from one angle to another ; a stnught line being the diortest that 
can be drawn. Hie internal walls, which serve fi>r subdividing the building into its several 
apartments, should, as much as may be^ extend from one side to the opposite one. Where 
they are intex^pt^ by openings, they should be connected again above by lintels or otlm|r 
means. 

2842. In^. 1017. is shown the method of forming apian or horizontal distribution, and 

combining it with the vertical distiibution in the section . 

and elevation. The thing is so simple that it can hardly 
want explanation. The equidistant parallel axes being 
drawn and cut at right angles by similarly equidistant 
ones, the walls, according to the required accommoda* 
tions, are placed centrally upon the ax^ ; and the 
columns, pUasters, Ac. upon the intersections of the 
axes. The doors, windows, niches, and the like are then 
placed centrally in the interaxes, which must be bisected 
for that purpose. Above and below the horizontal con>-. 
bination the section and plan are to be drawn. These 
vertical combinations afe infinite, and from every plan 
many sections and elevations may be formed. The figure 
exhibits a building of one story only, with a central 
apartment occupying the height of two stories. But on 
the same plan a building of two or more stories may be 
designed. These may have two tiers of porticoes, one 
above the other, or one only on the ground story, form* 
ing by its covering a terrace on the first floor; or a 
portico might receive on its columns the walls of the 
next story, and thus become recessed from the main 
firont. So, agmn, the stories may be equal in height, or 
of diflTerent heists, as circumstances may require. The 
most usual practice is, above a basement to make the 
succeeding story higher ; but above a principal floor the 
height of succeeding ones is diminished. The method 
of placing orders above orders does not require that any 
addition should be made to what has been said on that 
subject in Chap. I. Sect. 11. of this Book, and by the 
same methods arcades over arcades may be conducted. 

2843. Not the least important of the advantages re« 
suiting from the method of desigiung just submitted to 
the reackr is the certidn symmetry it produces, and the 
prevention, by the use of these interazal lines on each 
floor, ci the architect falling into the ^or pf false 
bearings, than wluch a greater or more dangerous fault 
cannot be committed, more especially in public build- 

X The subterfuge for avoicUng tbe ccmsequence of 
bearings is now a resort to cast ir<m, a material 
benefiri^y enough employed in buildings of inferior 
rank; but in fibose of the first class, wherein every part 
should have a proper point of support, it is a practice 
not to be t^lexateA Neither should tbe student ever 
lose right, in respect the ties he employs in a building, 

the admirable observation of Vignola on the ties and 
fthrinft proposed by Hbaldi, in his design far the bap- 
tistery at Milan : « Che le fabbriche non si hanno da 
sosten^e (xflle stringbe ; Buildings must not depend 
cm ties for tb^afahility. The for^mng figure is from 
l>ozand’s PneU tfAr^Ueetwre. We now submit, in 
1018.,aniUustraticm of the prixudples of interaxal division 
from tile cdkbnted and exquirite Villa Capra, near Vicenza, by PalladicC wherein it will be 
seen, on comparing the result with what has actually been executed, how little the design 
mrifisfrom it It wiU from this also be seen how entirely and inseparably cmmected with 
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the horizontal are the vertical combinations in the sec- 
tion and elevation, the voids falling over voids, and the 
solids over solids. Whatever the extent of the build- 
ing, if it is to be regular and symmetrical in its compo- 
sition, the principles are applicable, and that even in 
buildings where no columns are used ; for, supposing 
them to exist, and setting out the design as though 
they did exist, the design will prove to be well pro- 
portioned when they are removed. The full appli- 
cation of the principles in question will be seen in 
the works of Durand, the Precis and Cours d" Architec- 
ture^ which we have used freely ; and where we have 
had the misfortune to differ from that author, we have 
not adopted him. 

2844. The student can scarcely conceive the infinite 
number of combinations whereof every design is sus- 
ceptible by the employment of the interaxal system 
here brought under his notice; neither, until he has 
tested it in many cases, will he believe the great 
mastery in design which he will acquire by its use. 
In the temples and other public buildings of the an- 
cients, it requires no argument to prove that it was the 
vital principle of their operations, and in the courts, 
cavaedia, &c. of their private buildings it is sufficiently 
obvious that it must have been extensively used. That 
its use in the buildings of those who are called the 
Gothic architects of the middle ages was universal, a 
glance at them will be sufficient to prove. The system 
of triangles which appears to have had an influence on 
the proportions of the early cathedrals may be traced 
to the same source (see the early translation of Vitru- 
vius by Cffisar Cesarianus), and indeed, followed up to 
that source, would end in the principle contended for. 

2845. It is impossible for us to prove that the 
interaxal system was that upon which the revivers of 
our art produced the astonishing examples many 
whereof are exhibited in our First Book ; neither 
can we venture to assert that it was that upon which 
our great master Palladio designed the example above 
given, unquestionably one of his most elegant works ; 
but, to say the least of the coincidence which has been 
proved between the actual design and the theory upon 
which it appears to have been founded, it is a very 
curious, and, if not true, a most extraordinary circum- 
stance. Our belief, however, is, that not only Pal- 
ladio but the masters preceding him used the system 
in question, and that is strengthened by the mode 
(not strictly, we allow, analogous) in which Scamozzi, 
in the tenth chapter of his third book, directs the 
student to adopt in buildings seated on plots of ground 
whose sides are irregular. 

2846. To Durand, nevertheless, the public is 
greatly indebted for the instruction he has imparted 
to the student in his Precis d' Architecture more espe- 
cially, and we regret that in our own country the art 
is treated by its professors too much in the manner 
of a trade, and that the scramble after commissions 
has prevented their occupation upon works similar to 
those which have engaged the attention of profewors 
on the continent. The fault, however, is perhaps not, 
after all, so much attributable to them as to a govern- 




ment, whatever the party in power, till within the last 

five years (nay perchance even now) totally indifferent to the success of the fine arts, whose 
palmy days here were under the reign of the unfortunate Charles. Our feelings on this sub- 
ject, and love for our art, betray us perchance too much into expressions unsuitable to the 
subject under consideration, and thereon we entreat, therefore, the patience of our readers. 


knowing “ we have a good conscience.” 

2847. Our limits preclude the further enlargement on this part of the subject, which in 
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detail would occupy the pages of a separate work, and which, indeed, from its nature, 
could not be exhausted. We trust, however, enough has been given to conduct the student 
on the way to a right understanding of this part of the laws of composition. 


Sect. V. 

SUBDIVISIONS AND APARTMENTS OP BUILDINGS AND THEIR POINTS OF SUPPORT. 

2848. The subdivisions, apartments, or portions whereof a building consists are almost as 
many as the elements that separately compose them : they may be ranked as porticoes, 
porches, vestibules, staircases, halls, galleries, salons, chambers, courts, &c. &c. All these 
are but spaces enclosed with walls, open or covered, but mostly the latter, as the case may 
require. When covered, the object is accomplished by vaults, floors, terraces, or roofs. 
In some of them, columns are employed to relieve the bearing of the parts above, or to di- 
minish the thrust of the vaulting. The horizontal forms of these apartments — a general 
name by which we shall designate them, be their application what it may — are usually 
squares, parallelograms, polygons, circles, semicircles, &c. ; their size, of course, varying 
with the service whereto they are applied. Some will require only one, two, or three inter- 
axal divisions ; others, five, seven, or more. It is only these last in which columns become 
useful ; and to such only, therefore, the system is usefully applied. The parts whereof we 
speak may belong to either public or private buildings : the former are generally confined 
to a single story, and are covered by vaults of equal or different spans ; the latter have 
usually several stories, and are almost invariably covered with roofs or flats. 

2849. When columns are introduced into any edifice to diminish the action of the vaults 
and increase the resistance to their thrust, the choice of the species of vault must be well 
considered. If, for example, the vault of a square apartment {Jig. 1019.) of five intcraxal 





divisions be covered with a quadrangular dome, or, in other words, a quadrantal cove, 
mitred at each angle, twelve columns would be required for its support. If the vault were 
cylindrical {Jig. 1020.) eight columns only would be necessary ; but if the form of the 
covering be changed to the groined arch {Jig. 1021.), four columns only will be required. 
Supposing a room of similar form on the plan contained seven interaxal divisions each wav, 
twenty columns must be employed for the coved vault, twelve columns for that whose 
covering was semi-cylindrical, and still but four for the groined vault. It is obvious, therefore, 
keeping economy in mind, that the consideration and well weighing of this matter is 
most important, inasmuch as under ordinary circumstances we find it possible to make four 
columns perform the office of twelve and even twenty. Here, again, we have proof of the 
value of the interaxal system, whose combinations, as we have in the previous section ob- 
served, are infinite. But the importance of the subject becomes still more interesting- when 
we find that economy is inseparable from that arrangement whose adoption insures stability 
and symmetry of the parts. These are considerations whereof it is the duty of the archi- 
tect who values his reputation and character never to lose sight. If honour ^ide him not, 
the commission wherewith he is intrusted had better have been handed over to the mere 
builder, — we mean the respectable builder, who will honestly do his best for his employer. 

2850. What occurs in square apartments occurs equally in those that are oblong, for the 
first or square is but the element of the last. If it happen that from the interaxal divisions 
contained in the length of an oblong or parallelogram, the subdivisions will not allow of three 
bays of groins, it does not follow that the arrangement must be defective, for one mav be 
obtained in the middle bay. In subdivisions of width, allowing five interaxes, at least four 
columns would be saved, and in those of seven interaxes eight columns might be dispensed 
with. (See^^l'. 1022.) 

2851. When the subdivisions on the plan, supposing it not square, take in five interaxes 

whichin the longitudinal extent of the apartment include several bays of groins, whose num- 
ber must always be odd, one column is sufficient to receive each springing of the arch but 
in those of seven intemxal divisions two columi^ will be necessary. (See^^, 1023, A ) 

2852. If the vaulting be on a large scale, its weight and thrust arc necessarily increa^d. 
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and the columns may be changed into pilasters connected with the main walls, as in 
fig. 1024., or as II in the preceding figure. 

2853. The height of the apartment from the floor to the springing of the arches will be 
found three interaxes in apartments whose horizontal combination is of five interaxes, 
and four and a half for the height to sprin^ng of such as are of seven interaxal divisions on 
the plan. Where the combinations are different in the adjoining apartments the heights 
just mentioned afford the facility of lighting the larger one above the crown of the lower 
one, as at B in fig. 1023. 
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Fig. 1023. 


2854. Sometimes the springing is from the walls themselves, as at C,fig. 1023., instead 
of from the columns as at L. The first of these arrangements should be permitted only 
when en suite with the apartment there is another, D, wherein the springings are from 
columns. When the apartment is the last of the suit, the springings must be from piers 
or columns, one interaxis at least from the wall. If all these matters are well understood, 
as also the sections upon the orders, and upon the different elementary parts of a building, 
a graphic combination has been established by which we shall be much aided in the com- 
position or design of all sorts of buildings, and enabled, with little trouble, and in a much 
shorter period of time than by any other process, to design easily and intelligently. To do 
more distinguishes the man of genius from the man who can be taught only up to a certain 
point. 


Sect. VI. 

COMBINATION OF THE PARTS IN LEADING FORMS. 

2855. Having shown the mode whereby the parts of a building are horizontally and verti- 
cally combined in the several apartments, which may be considered the grammar of com- 
position, we shall now show its application in the leading forms or great divisions of the plan. 
Keeping in mind the advantage, upon which we have before touched, of arranging the walls of 
buildings as much as possible in straight lines, we should also equally endeavour to dispose 
the principal apartments on the same axes in each direction. Upon first thoughts the stu- 
dent may think that a want of variety will result from such arrangement, but upon proper 
reflection he will in this respect be soon undeceived. The combinations that may be made 
of the different principal axes are, as above stated, numberless, that is, of those axes whereon 
tlfe parts may be advantageously placed so as to suit the various purposes to which the 
building is destined, paying also due regard to the nature of the ground whereon the 
fabric is to 1^ erected 
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2856. Let us, for example, take a few only of the 
combinations which may be formed from the simple 
square, as in the first sixteen diagrams of Jig^ 1025., 
by dividing it in both directions into two, three, 
and four parts. The thick lines of the diagrams 
may be considered as representing either walls or 
suits of apartments, in which latter case the open 
spaces between them become courts. In reference 
also to the vertical combinations connected with the 
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dispositions in question, some parts of them may con- 
sist of one, other parts of two and three stories, as 
well for additional accommodation of the whole' build- 
ing to its purpose as for producing variety of out- 
line in the elevation. If, as in some of the dia- 
grams, we omit some of the axes used for the divi- 
sion, such omissions produce a new series of subdivi- 
sions almost to infinity. By this method large edifices 
may be most advantageously designed ; it enables us 
to apply to the different leading axes the combinations 
suitable to the destination of the building. Considered 
however as merely an exercise for the student, the use 
of it is so valuable that we do not believe any other 
can be so beneficially employed by those masters who 
profess to teach the art. We have not gone into the 
subdivisions of the circle in detail, contenting ourselves 
with the two most obvious dispositions. These are 
susceptible of as great variety as the square, observing 
however that the leading axes must be concentric. 

2857. Following up the method just proposed, let 
us imagine a design consisting of a certain number of 
similar and dissimilar parts placed in certain relations 
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to each other. Now, having fixed clearly in our mind the relative situations of the several 
parts and the mode by which they are connected with each other, we shall have a distinct per- 
ception of the work as a whole. W'e may abbreviate the expression of a design by a few 
marks, as in^^. 1026., wherein the crosses represent square apartments, and the simple lines 
are the expressions of parallelograms, whose relative lengths may be expressed by the lengths of 

the lines. The next step might be to ex- r-^ — i ^ 1 

pand these abbreviations into the form _J L ^ ('* 

given in Jig. 1027., on which we may indi- * * J. ! j ^ 

cate by curves and St. Andrew’s crosses, 
as dotted in the diagram, the way in which 

the several apartments are to be covered. ' 

2858. We may now proceed with the 

design ; but first it will be well to consider 1 T 

one of the apartments, for which let one of —I— —I— ^ 

the angles B be taken (see Jig, 1027. and ' ^ ^ 

1028.). Suppose it, for instance, to be five 


or any other number of interaxal parts square. This, then, will be the width of the apartments 
whose forms are that of a parallelogram ; and inasmuch as in this apartment the diameter 
of the vault will be diminished by two interaxes, which results from the use of the four 
angular columns, the groined vault will be of the width of three interaxes, and the same 
arrangement will govern the rest of the apartments. In the centre an open court is at- 
tendant on the disposition, as indicated by the diagram. The section which is the result 
of the combination, subject however to other regulation in the detail, is given under the 
plan of the figure, and the elevation above it entirely depends upon, and is regulated by, 
the joint combination of the plan and section. The example is given in the most general 
way, and with the desire of initiating the student in the theory of his art. The building 
here instanced might serve some public pu^ose, such as a gallery for the reception of 
painting or sculpture, or at least give the hint for one ; but our object is not to be mis- 
understood, — we seek only to give the tyro an insight into the principles of composition. 

2859. It is not our intention to enter further on the variety which follows the method of 
designing, of which the foregoing are only intended as hints ; but we cannot leave the 
subject without submitting another example for the study of the reader. Our desire 
is that of establishing general principles, whereof Jig. 1029. is a more complete illus- 
tration than those that have preceded it. The abbreviated form of the horizontal disposition 
is shown at A, and in B it is further extended, and will be found to be very similar to that 
of No. 15. in Jig. 1025. In the example the interaxal divisions are not drawn through the 
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designing buildings of more than one story, (for it cannot be too often impr^sed on the 
Ttnnd of the student,) the combination of the vertical with the horizontal distribution will 
suggest an infinite variety of features, which the artist may mould to his fancy, although it 
must be so restrained as to make it subservient to the rules upon which fitness depends. 

2860. We close the chapter, not without regret, (because the subject is pleasant to us, 
but a treatise would not fully carry out tbe principles inculcated,) with an example from 
Durand in perspective. The general plan. A, fig. 1030., will be found similar to No. 1 1. 
in^^. 1025., and the distribution may be a good practice for the student to develope. It is 
an excellent example for exhibiting of what plastic nature are the buildings which the 
vertical combinations will admit as based on those which are horizontal. 


CHAP. III. 

PUBLIC BUILDINGS. 


Sect. I. 

GEKERAL OBSERVATIONS ON PUBLIC AND PRIVATE BUILDINGS. 

2861. This chapter will be devoted to such remarks on public and private buildings as 
may be necessary to guide the architect in their general composition. To enter into a 
detail of each would be impossible, neither indeed could it be useful, for there are rarely 
two buildings destined to the same purpose which could be erected exactly similar. More 
or less accommodation may be required in one than another. The site may not be suitable 
for the reception of similar buildings. A city will require very different buildings as to 
magnitude from those necessary for a town, besides many other considerations which will 
immediately occur to the reader. 

2862. In designing public and private buildings the first object of the architect is to 
make himself acquainted with the uses for which the building is destined, and the con* 
sequent suitableness of the design for its purpose. He must enter into the spirit which 
ought to pervade the building, examining and adjusting with care those qualities which 
are most essential to the end proposed. Thus, though solidity be an essential in all 
buildings, it is more especially to be attended to in lighthouses, bridges, and the like. In 
hospitals, not only must tbe site be healthy, but the interior must be kept wholesome by ven- 
tilation and other means. In private houses almost everything should be sacrificed to the 
convenience and comfort of the proprietor. Security is an essential in the design and con- 
struction of prisons. Cleanliness in markets and public slaughter-houses, which we hope 
will, on every account, be ultimately established in suburbs, and not in the heart of every 
great town of the empire. Stillness and tranquillity should be provided for in places of 
study; cheerfulness and gaity must be the feelings with which the architect arranges 
places of public amusement. The next step will be to consider whether the building 
should consist of a single mass, and whether it will be necessary that the whole should be 
solid, or whether it should open interiorly on one or more courts or quadrangles ; whether 
the different solid parts should communicate with or be separate from each other. He 
must also consider whether the building will abut immediately on the public way, or be 
placed away from it in an enclosure; whether, moreover, all the solid parts should or 
should not have the same number of stories. 

2863. From the whole the architect must pass to the different parts or divisions, deter- 
mining which of them should be principal and which subordinate ; which should be near 
and which distant from each other, and consequently their relative places and dimensions ; 
how they should be covered, whether by vaulting or flooring ; if the former, what species 
of vault should be selected, and whether the bearing of the timbers or the extent of the 
vault will require the aid of intermediate columns. Under these considerations, the sketch 
being made, the interaxal divisions of each apartment set out and written thereon, the 
architect may add them together, and thus ascertain the whole number of interaxal divisions, 
so that he may see that they can be contained on the given site. This done, he should 
take care that none of the interaxes are too wide or too narrow compared with the scale. 
Should that be the case, tbe number of interaxal divisions must be increased or diminished 
accordingly, either throughout or in those parts wherein the arrangement is defective. 

2864. As the number of interaxes is greater or less in the apartments, so we may now 
determine the order to be used below the springing of the arches. On a sketch thus 
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conducted we shall have little more to do than to determine the profiles, ornaments, and 
other detail that the edifice requires. The student, by pursuing the course tnus pointed 
out, will soon find his progress much advanced in the facility and success of designing. It 
is the course indicated by common sense as much in the study of the art as in the com- 
position of designs, both of which are but an uninterrupted series of observations and 
reasonings. 


Sect. II. 

BRIDGES. 

2865. Unless the design for a bridge be triumphal (a species now quite out of use), the 
composition can scarcely possess too much simplicity. Ifj indeed, in the design of a bridge 
we strictly adhere to the principles which regulate its convenience, stability, and economy, 
it will possess every beauty that can be desired. It is clear, therefore, that all applications 
of columns to the piers of bridges will fall under our severest censure. They can be of no 
service to the fabric, and are therefore unsuitable and absurd ; their use moreover is a 
great waste of money, hence they are violations of an economical disposition in the design. 
We may, for illustration sake, point to the last bridge of importance erected in this 
country, viz. London Bridge, which is well and properly designed in comparison with 
Waterloo Bridge, which, though not behind the other in the requisites of strength and 
solidity, is inferior in the unfortunate application of columns to its piers. Had they been 
omitted, the deserved reputation of the engineer under whose designs it was executed would 
have been greatly increased, were his reputation and well-earned fame in jeopardy. The 
same comparison may be made between the bridge at Neuilly and that of Louis XVI., now 
the bridge de la Concorde. In the last decoration is attempted, in the former it is avoided ; 
the last is hideous, the first agreeable. 

2866. There are certain rules respecting bridges which must not be lost sight of, whereof 
the principal one is, that their direction must, if possible, be at right angles to the stream, 
and in the line too of the streets which they connect on the opposite banks of the stream. 
From a want of regard to these points many unfortunate blunders have been committed, 
which a prodigal expenditure of public money will not afterwards rectify, as we have seen 
in the operations consequent on the rebuilding of London Bridge. We allude to this 
point without the intent of blaming the parties concerned, but rather as a beacon to warn 
future authorities of the rock on which they may be wrecked. 

2867. We had almost determined not to have introduced the section now under our pen, 
from the circumstance of the course of employment of the architect having latterly been so 
changed in favour of the engineer ; but on reflection we have thought it proper, however 
short the notice, to say at lea.st a little on the subject, which may be useful, from the engineer, 
strictly speaking, having but rarely the views in his designs of an accomplished artist ; and 
we say this without the smallest feeling against or disrespect to the very able body of men 
called engineers in this country. On the equilibrium of arches and their piers, which are 
the chief parts of a bridge, we have in a previous part of the work already spoken, and so 
far explained our views on those points as to render further discussion here unnecessary. 
In most of the bridges of the ancients the arches were ^micircular, in those of modem date 
they have been segmental or semi-elliptical. The last two forms are very much more 
suitable, because of the freer passage of the stream, especially in the case of floods. 

2868. In the bridge at Pavia, over the Tesino, which is of an early period, and also a 
covered bridge, (a practice useless perhaps, but not uncommon in Italy and other parts of 
the Continent,) the arches are pointed; a form very favourable in every respect, and most 
especially so in rivers subject to sudden inundations, but unfavourable certainly in cases 
where the span of the arch is required to have a large width in proportion to its height. 
But the bridge just named has no common comparison with the ancient bridge. The 
eflTect resultant from its disposition is nevertheless satisfactory and magnificent, which 
abundantly proves that forms and proportions have less influence in producing beauty than 
have the qualities of propriety and simplicity, 

2869. The position of a bridge should be neither in a narrow part nor in one liable to 
swell with tides or floods, because the contraction of the waterway increases the depth and 
velocity of the current, and may thus endanger the navigation as well as the bridge 
itself. It is the common practice, except under extraordinary circumstances, to construct 
bridges with an odd number of arches, for the reason, among many others, that the stream 
being usually strongest in the middle, egress is there better provided by the central arch. 
Further, too, if the bridge be not perfectly horizontal, symmetry results by the sides rising 
towards the centre, and the roadway may be made one continued curve. When the road- 
way of a bridge is horizontal, the saving of centring for the arches is considerable, because 
two sets of centres will be sufficient for turning all the arches. If, however, the bridge be 
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higher in the middle than at the extremiti^ the arches on each side of that in the centre 
must ^iTninish similarly, so that they may be respectively symmetrical on each side of the 
centre. From this disposition beauty necessarily results, and the centring for one of the 
sides equally suits the other. A bridge should be constructed with as few arches as 
possible, for the purpose of allowing a free passage for the water, as well as for the vessels 
that have to pass up and down the stream, not to mention the saving of materials and 
labour where the piers and centres are fewer in number. If the bridge can be constructed 
with a single arch, not more should be allowed. The piers must be of sufficient solidity to 
resist the thrust of the arch, independent of the counter thrust from the other arches ; in 
which case the centring may be struck without the impendent danger of overturning the 
pier left naked. The piers should also be spread on their bases as much as possible, and 
should diminish gradually upwards from their foundations. The method now usually 
employed for laying the foundations is by means of coffer-dams, which are large enclosures 
formed by piling round the space occupied by the pier so as to render it water-tight, after 
which the water is pumped out, and the space so enclosed kept dry till the pier is built up 
to the average level of the water. When, however, the ground is loose, to the method men- 
tioned recourse cannot so well be had ; and then caissons must be employed, which are a 
species of flat-bottomed boat, wherein the pier is built up to a certain height and then sunk 
over the place where it is intended to remain, the bed of the river having been previously 
dredged out to receive it, or piles driven on which it may lodge when the sides of the chest 
or caisson are knocked away. The centre should be so constructed as to be unsusceptible 
of bending or swerving while the arches are in the course of construction, or its form will 
be crippled. We have diverged a little from the limits by which this section should have 
been circumscribed, because no other place in the work allowed us to offer the practical 
observations here submitted to the reader. 


Sect. III. 

CHURCHES. 

2870. The churches whereof we propose speaking are not such as the present com- 
missioners for building churches in this country sanction, but true good churches, such as 
appeared here under the reign of Queen Anne ; true honest churches, one whereof is better 
than a host of the brick Cockney- Gothic things that are at present patronised, wherein the 
congregations are crammed to suffocation and not accommodated. These, therefore, we shall 
leave to the care of the peculiar school in which they originated, and the society to whom 
they more properly belong, to speak of buildings that deserve the name. Neither do we 
think it useftil to inquire into the designs of the temples of the ancients, seeing that pa- 
ganism has passed away, never to return. The largest of these temples compared to the 
cathedrals of the moderns was but a small affair. 

2871. The early Christian worship, attended by large congregations, required for its 

exercise edifices whose interiors were of great extent and well lighted. Nothing was so well 
adapted for the purpose as the basilic®, which, bearing the name from their resemblance to the 
ancient courts of justice, were raised for the purpose. Such was that of St. Paul without 
the walls of Rome 141. and 142.), the ancient St. Peter’s, and many others. That of 

S. Giovanni I^aterano was divided by four ranks of columns, which supported the walls, 
carrying the roofs of five aisles formed by the ranks of columns, the middle one or nave 
being wider and higher than the others. Each aisle being lower than that adjoining 
parting from the centre, admitted lights to be introduced in the several walls. The direction 
of the length of the nave and ^les was from east to west, and was crossed by a transverse nave 
called a transept from north to south. In front an ample porch or portico was provided 
for the assembling of the people, and for their shelter from the seasons. The distribution 
we have just described was, as we have mentioned in an earlier part of this work, the type 
of the Gothic cathedral, though it passed through two or three steps before the adaptation 
assumed the magnificence that would have been displayed in the church at Cologne had 
that structure ever been completed. 

2872. The portico we consider essential to any building which deserves the name of a 
church, not less on account of the beauty it imparts to the edifice than for its use. 

2873. The use of the modern church being the same as that of the first Christian basi- 
lic®, it may be doubted whether for extremely large assemblies a better disposition could 
be chosen. The desire, however, of novelty, says Durand, induced Bramante to imitate 
the temple of Peace in the design for the new church of St. Peter, although that building 
was less a temple than a public depot or treasury destined by Vespasian to receive the 
spoils from Judea. The desire, moreover, continues that author, of surpassing the ancients, 
by gaffiering into a ringle edifice the beauties of several, induced the same architect to 
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crown the edifice imitated from the temple of Peace with another, imitated from the Pan- 
theon; and in this country the same sort of thing was done by Wren in St. Paul’s. 

2874. It is easy to perceive that these buildings are not so well calculated for worship 
as the ancient basilicae. The obstruction to seeing and hearing caused by the large piers 
of the modern churches is a great defect when compared with the little obstruction that 
the columns of the basilica present. But this is not the only blemish in the cathedral of 
Italian origin, as may be shown from the fact of basilic® of the time of Constantine being 
still in existence ; whilst the church of St. Peter, erected long posterior to that period, 
would in this day have been a heap of ruins, but for the enormous repairs constantly be- 
stowed on the fabric, and the iron chains with which the dome has been girt. The cost is 
another serious objection to them, most especially in the construction of their domes, which 
are, with their tambours, buildings deficient in real solidity, from the large portion of 
false bearing they must involve ; creating a very different sensation to that experienced in 
viewing the louvre of a Gothic cathedral, to which, without being insensible to the beau- 
ties of St. Peter’s, St. Paul’s, and other buildings of the class, we do not hesitate to give 
the preference. 

2875. The facilities of designing a church on the principle of the basilica will be ob- 
viously those of imeraxal divisions, and will not require further developement. The same 
method will be useful in designing the smaller parish church, with its nave and an aisle on 
each side, which is not only the most economical, but the best form. It was that which 
best pleased Sir C. Wren, whose churches are generally so planned ; and we shall here give 
a short account of one of his best of this form, that of St. James’s, Westminster, whose 
interior is worthy of all praise. It is an excellent example of Wren’s love of harmony in 
proportions ; the breadth being half the sum of its height and length, its height half its 
length, and its breadth the sesquialtera of its height : the numbers are 84, 63, and 42 feet. 
The church is divided transversely into three unequal parts, by a range of six columns on 
each side the nave, forming aisles which are each one fifth of the whole breadth, the re- 
maining three fifths being given to the breadth of the nave. The roof is carried on these 
columns, and is as great a proof of the consummate skill of the architect as any portion of 
the fabric of St. Paul’s, on account of its extreme economy and durability. It is not further 
necessary to describe the building ; but the observations of the architect upon it are of the 
utmost value, emanating from such a man, to the church-builders of the present day, if it 
be possible to reclaim them from their pasteboard style. I can hardly think it possible.” 
says our architect, “ to make a single room so capacious, with pews and galleries, as to hole 
above two thousand persons, and all to hear the service, and both to hear distinctly and see 
the preacher. I endeavoured to effect this in building the parish church of St. James’s, 
Westminster, which, I presume, is the most capacious, with these qualifications, that hath 
yet been built ; and yet at a solemn time, when the church was much crowded, I could 
not discern from a gallery that two thousand were present. In this church I mention, 
though very broad, and the middle nave arched up, yet as there are no walls of a second 
order, nor lanterns, nor buttresses, but the whole roof rests upon the pillars, as do also the 
galleries, I think it may be found beautiful and convenient, and, as such, the cheapest of any 
form I could invent.” On the place of the pulpit in a church of this class, the same architect 
continues : “ Concerning the placing of the pulpit, I shall observe, a moderate voice may 
be beard fifty feet distant before the preacher, thirty feet on each side, and twenty behind 
the pulpit ; and not this, unless the pronunciation be distinct and equal, without losing the 
voice at the last word of the sentence, which is commonly emphatical, and if obscured 
spoils the whole sense. A Frenchman is heard further than an English preacher, because 
he raises his voice, and not sinks his last words. I mention this insufferable fault in the 
pronunciation of some of our otherwise excellent preachers, which schoolmasters might 
correct in the young, as a vicious pronunciation, and not as the Roman orators spoke : for 
the principal verb is in Latin usually the last word ; and if that be lost, what becomes of the 
sentence?” Speaking of the dimensions of a church, the following are Wren’s own words, 
after stating that a proposed church may be 60 feet broad, and 90 feet long, “ besides a 
chancel at one end, and the belfry and portico at the other.” “ These proportions,” he says, 
“ may be varied ; but to build more room than that every person may conveniently hear 
and see, is to create noise and conftision. A church should not be so filled with pews, but 
that the poor may have room enough to stand and sit in the alleys, for to them equally is 
the gc^pel preached. It were to be wished there were to be no pews, but benches ; but 
there is no stemming the tide of profit, and the advant^e of pew-keepers ; especially, too, 
since by pews in the chapels of ease the minister is chiefly supported.” We shall close the 
section by the following quotation from the same admirable artist. Quaint though the lan- 
guage now seem, and simple as the mind of the writer, it is of great value, and would be 
respected by any but commissioners for building churches. ^ “ As to the situation of the 
churches, I should propose they be brought as forward as possible into the larger and more 
open streets, not in obscure lanes, nor where coaches will ^ much ol^ructed in the passage. 
Nor are we, I think, too nicely to observe east or west in the position, unless it falls out 
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properly : such fronts as shall happen to He most open in view should be adorned with 
porticoes, both for beauty and convenience ; which, together with handsome spires or lan- 
terns, rising in good proportion above the neighbouring houses, (of which I have given 
seversd examples in the city, of different forms,) may be of sufficient ornament to the town, 
without a great expense for enriching the outward walls of the churches, in which plainness 
and duration ought principally, if not wholly, to be studied.” Such are the common-sense 
remarks of a man of whom this country has to be proud, but who died neglected, the com- 
mon fate of all artists who do not minister to the vanity of their employers. 

2876. Churches are usually constructed on the plan of a Greek cross, which is that 
wherein the length of the transverse part, or transept, is equal to that of the nave ; of a 
Latin cross, wherein the nave is longer than the transept ; in rotondo, where the plan is 
a circle ; simjAe, where the church has only a nave and choir ; with fusles, when a subdivision 
occurs on each side of the nave; and those with aisles, as we have above seen, may have more 
than one of such aisles on each side of the nave. 


Sect. IV. 

PAI.ACES. 

2877. We regret that in this country we can offer no model of a palace for the student. 

Windsor Castle, with all its beauties, which however consist more in site and scenery than 
in the disposition of a palace, will not assist us. A palace is properly an edifice destined 
not only for the residence of the sovereign or prince, but for the reception also of persons 
who have the privilege of public or private audience. It being impossible for the whole 
of the parties to be present together, besides the apartments which are occupied by the 
sovereign and his family, there must be ample room and apartments for the attendants in 
waiting of every degree, and the consequent accessories. A palace should be disposed with 
porticoes, vestibules, galleries, halls of waiting suited to every season, wherein those to be 
admitted may wait with convenience and comfort till their turn of admission arrives. It is 
evident that, from the nature of such an edifice, much magnificence should be displayed in 
it. The palaces of the Escurial, Versailles, and the Tuileries are, though extremely spacious, 
and consequently imposing, but ill disposed and imperfect examples of a palace. Perhaps 
the most perfect in Europe is that of the King of Naples at Caserta, commenced in 1752, which 
is described by Milizia as follows: — “ The plan of this palace is a vast rectangle, 731 feet 
long from east to west, 569 from north to south, and 106 feet in height. The interior is 
divided into four courts, 162 feet by 244. The depth of building that surrounds these 
courts, in which are the apartments, passages, dec., is 80 feet, including the thickness of the 
walls, which are in some instances 15 feet. The two principal facades have five stories 
besides that below the ground, and each contains thirty-seven windows. There are three 
entrances, one in the centre, and the others at equal distances between it and the extreme 
angles, where, as well as in the centre, the building breaks forward a little, is carried up to 
the height of 60 feet, and formed into pavilions by columns 42 feet high. Thus the whole 
height of the building is 102 feet from the foundation to the top of the pavilion, at the 
angles 162 feet, and in the centre 190 feet. The basement, which is rusticated, comprises 
the lower offices, the ground floor and its mezzanine. Above is placed an Ionic order of 
columns and pilasters, which contains the two ranges of state apartments ; the lower win- 
dows are ornamented with pediments ; in the frieze are introduced the windows of the 
upper mezzanine. The centre entrance leads to a superb portico, which traverses the build- 
ing from north to south, and is sufficiently spacious to allow carriages to pass under from 
either facade to the centre of the building, where is a large octangular vestibule, which 
unites the arms of the cr<»s produced by dividing the plan into four courts : two sides of 
the octagon are open to the portico, four to the four courts, one to the grand staircase, and 
the eighth is occupied by a statue of Hercules crowned by Virtue, with this inscription ; 

‘ Virtus post fortia facta coronat.* ” 

2878. “ The grand staircase, which is on the right, is lighted by twenty-four windows, 
and decorated in a beautiful style. At the first landing it is divided into two flights ; the 
hundred steps of which it is composed are 1 8 feet long, and each of one piece of marble • 
it is lighted also from the top by a double skylight. The upper vestibule is also octan<nilar* 
and surrounded by twenty-four columns of yellow marble 1 8 feet high. Four doors lead 
from thence to the apartments, the one opposite the landing to the chapel, that to the right 
to the apartments of the king, which comprehend the south-west angle of the building 
overlooUng the sea and the plains of Naples and Capua. To the left are the apartments 
of the queen, occupying the north-west angle, the remainder of these floors being occupied 
by the princes. TTie chambers throughout are vaulted, and admirably arrano-ed ; the 
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apartments of the king and queen are separated by a gallery 138 f^*long, 42 wide, and 
52 high. The palace contains a small elegant theatre, on a circular plan, divided into nine 
compartments, with four tiers of boxes. The chapel is rectangular in its plan, with the 
end terminated semicircularly, and decorated with isolated Corinthian columns on pedestals, 
with an entablature, in which the comice is not omitted. The marbles and sculpture 
throughout are of the richest kind ; the apartments generally well arranged and distributed, 
of magnificent dimensions, and of various forms. TTie whole is a rare assemblage of vast- 
ness, regularity, symmetry, richness, ease, and elegance. The multiplicity of windows may 
certainly be a little at variance with propriety. 

“ But the most wonderful part of this grand work has not as yet been described. 
There are ranges of aqueducts of a great height, and of sufficient len^h to unite the two 
Tifati mountains near the Furche Caudine. The waters on the mountains are collected 
into a canal for the purpose of supplying these aqueducts, and conducted to various lakes 
and fountains of every description. To the embellishments,” adds Milizia, “ of this royal 
residence are added a convenience and solidity that throw into shade all that has been done 
before or since. ” The plans, &c, of this palace may be referred to in Durand’s Parcdlele des 
Edifices. 

2879. Great as this work is, it would not have eclipsed the palace at Whitehall pro- 
jected by Inigo Jones, and published in Kent’s Designsy (see fig. 207., supray) had the edi- 
fice, whereof the banqueting-house is not the hundredth part, been carried to completion, 
'fhis palace has already been described in the First Book of this work, in turning to which 
the reader will find that the proposed palace consisted of six courts, and, with greater 
beauties of composition, would have occupied a much larger site than the palace at Caserta. 

2880. We have been diffuse in the description of the last-named palace, because it con- 
tains the leading, and, indeed, governing principles, upon which the palace for a sovereign 
should be constructed ; and from the description, the student might ^most be at once led 
to the design of such an edifice. 

2881. The designs which Bernini made at the request of Louis XIV., instigated, no 
doubt, by his minister Colbert, (for they were both of them lovers and patrons of the fine 
arts,) for uniting the Tuileries and Louvre, would, had they been executed, added another 
palace to which the student might have been referred for information on the subject of 
palaces. They may be seen In Durand’s ** Parallel ” above mentioned, and, we think, will bear 
out the propriety of reference; and we fiilly agree with Le Grand, except in the inflated 
language he adopts, that ** Le gouvernement qui attachera son nom a cette execution sera 
proclame grand dans la posterite ; il honorera la nation par les arts en reunissant ainsi les 
beautls eparses, incompletes de ces deux palais, pour n’en former qu’un seul, il s’assurera 
la gloire d’effacer par cette merveilJe celles dont, excepte les pyramides d’Egyptes Tex- 
istence n*est plus que dans I’histoire,” 

2882. It is almost unnecessary to observe, that the site on which a palace is io be seated 
must be open and free in every respect, that a large expanse of gardens should be attached 
to it for the use of the public as well as the sovereign, in which respect the palaces of the 
Tuileries and Versailles are unparalleled. All should have a royal bearing, parsimony 
being inadmissible in works of this nature. 


Sect. V. 

GOVERNMENT OFFICES. 

288S. The offices of government should be designed consistently as regards their distri- 
bution and magnificence, with some respect to the power and importance of the nation for 
whose use they are to be constructed. Whilst on the Continent, and especially in Paris, 
some of the finest examples of art provide for the convenience of the diflerent depsut- 
ments, the only building that can be named here in this respect are the offices at Somerset 
House, built by the late Sir W. Chambers. And herein so mean and indifferent to the 
arts has of late been every set of ministers in this country, that but for the appropriation of 
the eastern part of the site to a joint-stock college, it is probable the river front would 
never have been finished. 

2884. The nature of the disposition of government buildings must of course depend on 
the particular department for which the building is destined, foil information on which 
must be had in every particular before the architect can begin to imagine the building to 
be designed. The most ample sfKice should be allotted to them, and no rooms for the per- 
formance of the duties attached to the department should be allowed above the first story 
over the ground floor. The public, indeed, ought not to have to ascend or descend even 
one flight of steps. The access to the different apartments should be spacious and easy ; 
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the quadrangles, where they are necessary, should be ample, ^ as to afford abundance of 
light and air ; porticoes should be provided for the shelter of the public who have to 
transact business, and the facades should be in a broad simple style. 

2885. Without intending any affection of the fanciful style adopted by their architect, 
we would, in this country, point to the mode in which the offices at the Bank of England 
were disposed and planned by the late Sir John Soane, and the beautiful method of 
lighting, as highly valuable stuffies for the architect. The skill here exhibited by him, if 
not objured by ffis successors, and the restless desire of change that the directors seem to 
exhibit, will be lasting monuments of that architect's ability, however disfigured his designs 
may have been by the caprice of their ornaments. 

2886. The splendour of the government offices in this country seems, in every case, to 
be in an inverse ratio to the renoAvn of the department. Thus, let the Admiralty be the 
example for consideration, and it would be difficult to decide which was worst, the interior 
or the exterior. On the Treasury jumble of buildings, it would be difficult to bestow a 
serious word. If the country be too poor to accomplish all the works at once which would 
be necessary for putting us in possession of buildings worthy the country, surely designs 
on a proper scale for rebuilding all these edifices might be made, and rigidly adhering to 
the designs approved after due consideration, portions might be annually executed, so as to 
distribute the outlay over a series of years. But we regret to say that we fear any hints 
under this section x^l be thrown away, while political parties are contending for power, 
and consider the comfort of the public and the promotion of the fine arts subjects of com> 
parative insignificance. The source of the evil is in the nature of the constitution ; and 
though, speaking as Englishmen, we do not wish to see that changed, yet we think a little 
more absolute power, under which there is invariably less jobbing, would be in some mea* 
sure beneficial to the arts. 

2887. We have hinted that there is no government building to which we should wish to 
refer the reader, Somerset House excepted. In Paris he will find an abundance of exam- 
ples. The Admiralty there, a recent building of the most simple exterior, on which there 
are neither dolphins, tridents, nor anchors, as in that near Charing Cross, is a stupendous 
mass of building, well calculated for the narrow street in which it stands, to which it im- 
parts unmeasured dignity. The Garde Meuhle, as it was formerly called, in the Place de 
la Concorde (formerly de Louis XV.) is one of the roost beautiful compositions in Europe. 
This is, perhaps, au example rather too florid for imitation (we do not mean in lines, but 
in spirit) in this country, though it is known that a well and richly-designed building 
costs little, if any, more than a bad, ill- digested one. The Mint of Paris is another of the 
French government offices worthy of the nation. But we need not multiply the instances, 
Paris being now almost as well known to the Englibhraan as London itself. It is, how- 
ever, to be recollected that in France all the government buildings are of as much interest 
to the government in the provinces as in its- metropolis, and that the great hospital at 
Lyons, by Soufflot, is not surpassed in Europe. In England, we know not one that ap- 
proaches it. 


Sect. VI. 

COU&TS or LAW, 

2888. A court of law in this country, speaking in more sens^ than one, but chiefly, 
here, to preserve the gravity of our work architecturally, is a building in which every one, 
whose busmen imfortunately leads him to it, sits in pain, the judges and counsel excepted. 
Attorneys, witnesses, jury, and audience, or public, are equally doomed to be pent up and 
cramped like the poor sheep at Smitbfield, or a sailor in the bilboes, if that punishment be 
still in existence. The practice is infamous and inexcusable ; it originates not with the 
architect, but with the government, which afifords neither space nor money for the erection 
of courts suitable to the administration of justice, though the public are, by a pleasing 
assumption of the administrators of the laws, supposed to know all the decisions that take 
place in them, and treated by an answer to those that plead ignorance, which, but from 
the little of their proceedings that oozes out by that useful organ, the public press, would 
really be the case — “ Ignorantia non excusat legem,” It came out in evidence before a 
committee of the House of Commons on the late rebuilding of the courts at Westminster, 
that Sir John Soane, their architect, was told by a chief of one of the courts then pro- 
posed to be built and since executed, that Ats court, as planned, would be quite large 
enough to hold all tiat had any business there; rather a strange ffictum for a personage 
whose duty, sitting on the judgment-seat, was to tell the people that their unaffected 
ignorance of the laws he was sworn to administer was no excuse for violatinn* the law 
which might bring them before him. 
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2889. We have thus prefaced our short observations on this section for the purpose of 
impressing on the mind of the architect who may be called on to furnish designs in the 
provinces (for in London there is not much chance of his employment on such an occa> 
sion), that there are other persons who have equal right to as good accommodation as the 
judges and the bar, who are extremely well paid for the duties they perform ; the parties 
to which we allude being the jury who are to decide upon the evidence the witness from 
whom such evidence is derived^ the attorneys whose instructions to counsel are from instant 
to instant necessary for the proper conduct of a case, and, though last not le^t, the public, 
who have an undoubted right to be present, not only because they are entitled to instruct 
themselves, as the axiom requires, that they may not be ignorant of the law, but because, 
in this country, the conduct of the judge himself may be open to public opinion, and his 
character properly transmitted to posterity, and estimated by the public. 

2890. After the foregoing remarks, we apprehend it will be scarcely necessary to 
impress on the mind of the architect the importance of providing an ample space for the 
audience or public, rooms for jurymen in waiting, and fiiU space for the latter when they 
are placed in what is called their box, so that the pain of the body may not distract the 
mind from the evidence of the witnesses and the charge of the judge. The artist, therefore, 
must be careful to supply such accommodation as shall render the office of all parties 
engaged a pleasing duty rather than an irksome task. 

2891. To every court of law should be attached a large vestibule or salon, sufficiently 
large to afibrd a promenade for those of all classes engaged in the courts. In Westminster, 
bad as the courts are, this is well provided in the magnificent room called Westminster 
Hall, to which had the courts that open on it been in character our opening observations 
had been spared. It is almost needless to observe that apartments and accommodation are 
to be provided for the robing and occasional refreshment of the judges, the bar, and the 
different officers attached to the court. In courts for the trial of felons it may be ne- 
cessary, if the prison has no communication with the court, to add some few cells for 
securing criminals. This, however, will be dependent on the circumstance mentioned, and 
should be provided accordingly. 

2892. In these, as in other buildings where there is often congregated a great number of 
persons, the entrances, and at the same time outlets, should be increased in number as much 
as convenience and the situation will permit ; and another indispensable requisite is, that 
the court itself should be so placed in the design that no noise created on the outside of 
the building may be heard in the interior, so as to interfere with the attention of those 
engaged on the business before them. 

289S. In the provinces the observations we have made may be of some use to tile 
student, and on this ground we have thought it our duty to offer tbeuu 
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2894. The town hall of a city or town will necessarily vary with their extent and 
opulence. In towns of small extent it should stand in the market-place ; indeed, in a 
large proportion of the towns of this country the ground floor is usually on columns,- and 
forms the com market of the place, the upper floor being generally sufficiently spacious for 
transacting its municipal business. Where the sessions or assizes, as in cities, are held in 
the town hall, it is necessary to provide two courts, one for the civil and the other for the 
criminal trials ; and in this case the observations on courts of law in the preceding section 
equally apply to this in that respect. 

2895. In cities and corporations where much municipal business occurs, the number of 
apartments must of course be increased to meet the exigencies of the particular case ; and, 
if possible, a large hall should be provided for the meetings of the corporation. A certain 
appearance of its being the property of the public is the character to be imparted to it, and 
this character must be stamped on the disposition as well as the elevation. Thus, on the 
groimd floor of the first class of town halls, courts, porticoes, or arcades, and spacious stair- 
cases should prepare for and lead to the large apartments and courts of law on the first 
floor. Every means should be employed in providing ample ingress and egress to the 
persons assembling. Fire-proof rooms, moreover, should be always provided for the 
recor(k and accounts belonging to the town. The exterior of the building should not be 
highly decorated, but designed with simplicity, yet with majesty, as it is an index to the 
wealth and importance of the place for whose use it is erected. 

2896. For the disposition of these buildings the student may turn with profit to the 
examples abroad, in which, generally, apartments are provided for every branch of the 
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govemmeni of the city. Durand, in his ParaUele des Edifices, has given several examples, 
which that o£ the city of Brussels is a beautiful instance of the application of 
Gothic to town andiitecture. It was commenced at the beginning and hni^ed in the 
imddle of the fifteenth century, having a tower and spire which, together, rise upwards of 
360 feet from the level oS the place. The interior of this edifice presents ail the accom- 
modations which are required for a municipality ; and the principal &9ade, though a little 
disfigured by the tower not rising in the centre of it, is composed with great unity, 
harmimy, and simplicity. Though rich, the ornaments are introduced with great order and 
symmetry, and the system of design pervading the front is by pyramidal masses, whose 
effect is exceedingly light though bold. 

2897. The most celebrated of town halls in Europe is that of Amsterdam, erected 
during the first half of the seventeenth century by Van Campen. The design is given in 
Durand’s PixraBele, and also forms the subject of a volume, in folio, published in Holland ; 
the cost of its erection was more than thirty millions of florins, and the fabric stands, they 
say, on 13,659 piles, which were required from the marshy nature of the ground. The 
plan is nearly a square; it is 282 feet long and 255 feet wide, and its height is 116 feet. 
To describe the di^osition of the plan would be impossible ; it can only be comprehended 
by reference to it. The ground story in the principal facade forms the basement on which 
rises an order of Corinthian pilasters, containing two ranges of windows ; th«i an en- 
tabiatum, and above that a repetition of similar pilasters, containing two ranges of windows. 
The latter are simple, having no ornament except a festoon between each range. At the 
angles m'e two pavilions, ornamented with four pilasters, and in the centre one with eight, 
which projects forward a little. On this a pediment rises ornamented with historical has 
reli^ and thereover, more distant, is an elegant cupola for the clock. Instead of one large 
principal entrance there are seven small ones, alluding, as it is said, to the seven united 
provinces ; and it is also pleasantly said that the smallness of the provinces are typical of the 

of the doors. 

2898. We cannot, however, laud the composition of this building, which, by the way, 
encloses the bank and public treasury. Irs merit consbts mainly in the disposition of the 
plan, the restraint in decoration, and the good construction of the work, whilst its im- 
posing effect results from its magnitude as a mass. The use of the Corinthian and Composite 
orders for such a building was almost an abuse, for their proportions vary so little from 
each other as almost to create confusion between the two. Agmn, the similarity of the 
subdivision in the two stories, each divided into two ranks of windows, produces a cold 
monotony. The windows too, without architraves, have an effect as mean as the festoons 
which ate introduced between the windows are insipid. Neither will the excuse given for 
the seven small doors justify the introduction of such poverty in a building whose dimen- 
sions are so great, besides their appearance seeming to give strength to the impression that 
they are only entrances to the basement story. The student, on the subject of town halls, 
may be referred also to those of Antwerp and Maestricht and Louvain. And here we cannot 
refrain from alluding to the works we noticed but a little time past in the restoration, and 
indeed completion, of the Hotel de Ville at Paris, first coramenc^ in 1533 on the designs of 
Frangois de Cortonne, in what is now called the style of the renaissance. The additions 
which became necessary in consequence of the extended business of the city are executing in 
the same style, and wiU present one of the most picturesque features of the city. Such an 
pccasicm as this is a legitimate one for the employment of the style of the^ renaissance, and 
not in the trumpery stuff* that appears in this country, without any solid reason for its 
adoption. The interior of this building, with its court or quadrangle, is not without 
grandeur ; and the- interior distribution of it, with its beautiful staircase, is a sufficient 
proof that what the Germans and their admirers now denominate “aesthetics” in art was 
well understood and practised in Italy, France, and even England, on the renaissance, whilst 
their country, as respects architecture, was in a state of barbarism. We regret we have 
not the opportunity of referring to any town hall in England which meets in all respects 
what we deem the requisites of such a building. We do not say that none such exist, 
cmly that it has not come to our knowledge. 


Sect. VIII. 

COLLEGES. 

2899. A college, which is an establishment for the education of young men, generally 
cemsists in this country of one or more courts or quadrangles, round which are disposed the 
rooms for the students, with the chapel, library, and eating hail ; apartments for the head 
of the establishment ahd for the fellows ; a combination room, which is a spacious apart- 
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ment, wherein the latter assemble after dinner ; kitchen, buttery, and other domestic offices, 
laitrines, gardens, &c. 

2900. In these particulars, we are speaking of English habits, for on the Continent the 
college is quite a different sort of thing. As, however, we consider the best instruction to 
the student will be concise information on those which exist, we shall shortly mention the 
most celebrated abroad and in England. 

2901. At Rome, the college formerly that of the Jesuits, now the Roman College, is a 
very large edifice, simple in character, as this species of building seems to demand. Its 
length is 328 feet, and its height, without the attic, 87 feet. Two large gateways are placed 
in the middle compartment, and form the entrances to the building. In these there is 
nothing particularly to admire, nor in the fa 9 ade generally, which is encumbered, from the 
nature of the edifice, with a great number of windows. The great quadrangle is, however, 
one of the finest in Rome, consisting of two stories of arcades, a distribution particularly 
applicable to buildings of this class, and which we are surprised has never found adoption 
in this country. In these galleries the different classes or lecture rooms are placed, under 
their divisions of literae humaniores, rhetoric, and philosophy. Had the building been 
finished as Ammanati designed it, there would not have been in Italy a finer structure nor 
one more suitable to its destination. It has, by the alterations from the original plan, been 
much cut up ; yet it is a magnificent pile of building, consisting of corridors, dormitories, 
gardens, refectories, and other accessories, which, with the church which forms a part of 
the plan, occupy a circuit of upwards of 1500 feet. The other buildings in Rome which 
pass under the name of colleges are not to be considered as establishments for education, 
being destined to the study of theology and other sciences : such are the Propaganda and 
the Sapienza, which last is one of the finest modem buildings of the eternal city. 

2902. At Genoa is a magnificent college, which was formerly the palace of the Balbi 
family, by whom it was given to the Jesuits for a place of education ; but, from the 
original destination of the building, it possesses none of the essential eharacter which be- 
longs to an edifice of this class. 

2903. Paris, we believe, still contains nine colleges, hardly one whereof, says the author 
of the article “ College” in the Encychpedie Methodiquey deserves notice. The same writer 
says that in England alone are found examples of what a college ought to be ; and from 
all that we have seen on the Continent, we believe him to have come thereon to a correct 
conclusion. 

2904. The universities of Oxford and Cambridge furnish a study for the architect in 
this class of building nowhere else to be found ; and though the greater part of their 
colleges are extremely irregular in plan, they are generally convenient in disposition and 
highly picturesque in effect. In Oxford, the most regular in plan is Queen^s College, and 
this is ^ modem construction, having been commenced as late as 1710, and in the Italian 
style. We are not, however, about to describe the style, which is not an example for study, 
but the disposition of the building. The principal front stands towards the High Street. 
The whole site on which the college stands is 300 feet by 220, which is divided by the 
chapel and hall on the right and left of the intervening building into two spacious courts. 
The south court, which is that nearest the street, is 140 feet long and 130 broad, having an 
arcade round it on the south, east, and west sides. Over that on the west side are two 
stories, which contain the apartments of the fellows, those of the provost, and a gallery 
communicating with the hall and common or combination room. Hie east side, which is 
uniform with that on the west, comprises the apartments for students of the society, and on 
the north side are the chapel and hall. The south side of the court or quadrangle has no 
dwelling in it, but is composed of a decorated wall, in whose centre is the great entrance, 
above whose arch an open cupola stands upon columns, and under the cupola the statue of 
Queen Caroline, the consort of George II. The interior court or north quadrangle is 
130 feet by 90, On the north, east, and south sides are provided apartments for the members 
of the society, and the west is occupied by the library : the entrance to it is by a passage 
between the hall and chapel. The dimensions of the hall are 60 by SO feet ; those of the 
chapel are necessarily, as to width, the same, but it is 100 feet long. The library, which 
was completed earlier than the rest of the building, is 1 23 feet long and 30 feet broad. 
That the student may form an idea of the accommodation afforded on the site described, it 
may be taken as holding about 170 persons, including the provost and fellows, whose 
apartments, of course, occupy a considerable portion of the space. Hawksmoor is, as we 
believe, the architect; certainly, as far as we can judge, not Sir Christopher Wren, to whom 
some have attributed it. 

2905. We have no intention to pursue the description of the colleges in either of the 
universities. W^e have selected the above as a model of disposition only, because, as we 
have hinted, it is in very bad taste : so bad, indeed, in that respect, as to be a model for 
avoidance. We shall, however, give a few more memoranda as to the parts of colleges in 
existence, here merely observing that a bed and sitting room, both of moderate dimensions, 
are as much as can be afforded to the students of the establishment. 

3 E 4 
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2906. Of the colleges in Oxford, Christchurch is past question the most magnificent. 
Its extent, towards the street, is 400 feet. Its hall is 115 feet long, 40 feet broad, and 50 
feet in height, and the entrance to it is by a very noble staircase. The chapel is the 
cathedral of Oxford, and is 1 54 feet long, and the breadth, including aisles, 54 feet. The 
great quadrangle is nearly 280 feet square, and this communicates with mother called 
Feckwater quadrangle, of considerable dimensions, in which, on the south side, stands the 
noble library of the college, the upper room whereof is 141 feet long, 30 feet broad, and 
37 feet high. At the side of and adjoining the last are the Canterbury quadrangle and Fell’s 
Buildings, and on the other side the chaplain’s quadrangle. What is called the Christ- 
church Meadow, attached, affords the most delightful walks for the exercise and recreation 
of the members, being bounded on the east by the Cherwell, on the south by the Isis, and 
on the west by a branch of the same river. The whole establishment is worthy of the 
princely founder, whose spirit seems still to reign in the conduct of those connected with 

. it. Such a magnificent foundation cannot elsewhere be referred to. 

— 2907. In Cambridge, the library and court of Trinity College, the former one of the 

finest works of Wren, and the extraordinary and beautiful chapel of King’s College, are 
the principal features of the university. There are also some beautiful pieces of architec- 
tural composition ; but as there is nothing we could select as a model for a college, which 
is the principal object of the section, we do not consider it necessary to detain the reader 
by an account of them. We may, however, mention that the chapel of King’s College is 
316 feet long, 84 feet broad, and 90 feet from the ground to the top of the battlements. 
Corpus Christi College is, perhaps, the last college in either of the universities that has 
been rebuilt ; but in disposition, and most especially in design, it is rather an index 
rerum vitandarum than a model we should recommend to the student’s attention. 


Sect, IX. 

PUBLIC LIBRABIES. 

2908. Although a public library would seem to require a grave and simple style pf 
treatment, it is, nevertheless, properly susceptible of much richness, if the funds admit, and 
it comports with the surrounding buildings to use much decoration. A public library 
may be considered as the treasury of public knowledge ; indeed its treasures are even 
more important to society than the public treasures of gold and silver. It is also to be 
considered as a temple consecrated to study. Security against fire is the first important 
consideration in its construction ; indeed that point ought to be deemed indispensable ; 
and the next consideration for the accomplishment of its purpose is quietness. The 
first requires that no materials except stone, brick, and iron should be employed in the 
walls, floors, and roofs ; and the last, that it should stand far removed from a public 
thoroughfare. Within, especially in this climate, there can scarcely be too much light, 
because there are always modes of excluding the excess in the brightest days of our short 
summers ; and in the dark days of our winters no such excess can occur. Neither should 
the light be placed high up for the purpose of obtaining more room for the presses which 
are to receive the books, because even a greater space may be obtained, as in the magni- 
ficent library at Trinity College, Cambridge, by Wren, by making the presses stand against 
the piers at right angles with the longitudinal walls, and placing the windows between 
them. Moreover, the presses, when placed longitudinally against the walls, the windows 
being above, have the titles of the books they contain indistinct, from being too much in 
shadow. The library just mentioned is in every respect one of the finest works of Sir 
Christopher Wren. It stands on an open arcade, at the north end whereof is a vestibule 
whence the ascent is by a spacious staircase to the library itself, which is 200 feet long* 
40 feet wide, and 38 feet high, floored with marble, and decorated with pilasters aiid an 
entablature of the Corinthian order. Though this library is of no mean extent, we do not 
adduce it as an example of a large public library suited to a nation, but as a perfect model 
of the mode of distribution, which might be carried in principle to any extent. If the 
readers be very numerous, a reading room, of course, becomes necessary, which should be 
placed as centrally as may be to the whole mass of building, so that the labour of the 
attendants may be lessened, and the readers at the same time more readily served with the 
books wanting. The best mode of warming the apartments is by a furnace and boilers, not 
at all adjoining to or communicating with the building, but by carrying pipes round the 
apartoents or in the floor, through which pipes a constant circulation of the boiling liquid 
is kept up, and from which a radiation of the heat' takes place. 

2909. The most ancient and celebrated library in existence is that of the Vatican • in the 
latter respect, as well on account of its size as of the number of valuable manuscripts" it con- 
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tains : it occupies in the suite of its apartments one of tlie sides of the Vatican 900 feet 
in length. The presses containing the books are decorated with the finest specimens of 
Etruscan vases. The long gallery terminates at one end by the Museum Christianum and 
the Stanza de’ Papyri, and at the other end by the new museum, with which it communi- 
cates by a marble staircase. The ante-salon to the library is about 200 feet long and about 
87 wide. In the architecture or arrangement there is nothing particularly to admire, and 
indeed it was not originally intended for the purpose to which it has been appropriated. 

2910. We do not think it necessary to stop the reader for an account of the Medicean 
library at Florence, though the work of Michael Angelo. Its proportions are grand, but the 
details are as capricious as that great man could p<^ibly have invented ; but of the library 
of St. Mark at Venice we entertain the greatest admiration. We have already described 
this in the First Book when speaking of the Venetian school. Notwithstanding the diffi- 
culties that Sansovino had to encounter in respect of its site and connection with other 
buildings, which restricted the design in the fa(^e, because of the height of the adjoining 
Procurazie Vecchie, and the width of the ground ; — notwithstanding all these, and the jea- 
lousy of his enemies superadded, Palladio considered the success of it to have been so great 
as to have made it worthy of any age. 

2911. The splendid collection of books at Paris, containing 900,000 and upwards printed 
volumes, called the Bibliotheque du Roi, is, speaking architecturally, though of immense 
extent, little more than a warehouse for holding the books : that, however, of the abbey of 
St. Genevieve in the same city, though containing less than a quarter of the number just 
mentioned of printed volumes and 30,000 MSS., is a well-conceired and well-designed 
building, and particularly suited to its destination. The plan is that of a large Greek cross, 
which affords on the plan four large halls, connected by a central circular apartment crowned 
with a dome. 

2912. Perhaps one of the most absurd distributions of plan for the buildings under 
consideration is to be seen in the Radcliffe Library nt Oxford. It is circular on the plan, 
and hence vast loss of room is experienced ; but we do not think it necessary further to 
enter into its demerits, merely stating here that it was unworthy of Gibbs, who in most of 
his works exhibited great good sense. 


Sect. X. 

ML'SEt'SIS. 

2913. A museum is a building destined to the reception of literary or scientific curiosities, 
and for that of the works of learned men and artists. The term was first applied to that 
part of the palace at Alexandria appropriated solely to the puq^ose of affording an asylum 
for learned men ; it contained buildings and groves of considerable magnificence, and a 
temple wherein was a golden coffin containing the body of Alexander. Men of learning 
were here lodged and a ommodated with large halls for literary conversations, and porticoes 
and shady walks, where, supplied with every necessary, they devoted themselves entirely to 
study. The establishment is supposed to have been founded by Ptolemy Philadelphus, 
who here placed his library. It was divided into colleges or companies of professors of the 
several sciences, and to each of such professors was allotted a suitable revenue. Museums, 
in the modern sense of the word, began to be established about the sixteenth century, when 
collections were ffirmed by most of the learned men who studied natural history. 

2914. Museums on a small scale are becoming every day more common in the principal 
towns of this country, and we hope the day is not distant when none will be without its 
collections of science, literature, and art. Where economy requires it, and the collection in 
each department be not too large, the whole may be properly and conveniently comprised 
within one building. In respect of security against fire, and quietness of the situation, the 
same precautions will be necessary as are indicated for libraries in the preceding section, 
and must always be observed. 

2915. Great skill is necessary in introducing the light properly on the objects in a 
museum, inasmuch as the mode of throwing the llglit upon objects of natural history is 
very different from that which is required for pictures, and this, again, from what sculpture 
requires. 

2916. Specimens illustrating natural history sculpture, vases, and the like, should, if pos- 
sible, be lighted vertically; and we have seen in subsec. 2774., where reference is made to 
the light introduced into the Pantheon, how very small an opeuing in a spherical ceiling will 
produce abundance of light. There are subjects, nevertheless, in all these classes, ( in 
mineralogy for exmnple,) for which strong side lights are essential to an advantageous 
exhibitimi of them. In such cases small recesses may be practised for the purpose. At tJie 
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Hotel de Mooniues at Paris, the presses which contaiQ the collection of mineralogy form a 
which encloses a small lecture theatre, and thus become doubly serviceable. We 
^i^imti on tills en passant that the student may be aware how room is to be gained when the 
area of a tite is restricted. Picture galleries in a museum, as elsewhere by themselves, 
when containing large paintings, should be lighted from above. In this case the lights 
should be in square or polygonal tambours, whose sashes should be vertical or slightly 
inclined inwards, their forms following the form on the plan of the rooms. The noble 
pictures of Paul Veronese at the Louvre could not be seen with side lights. For small 
cabinet picture side lights are well adapted to their display. Every one will recollect 
how miserably lighted for exhibiting the pictures is the long gallery of the Louvre ; the 
same may be said, though not to so great an extent, of the coilection of sculpture, whilst 
the models and other objects, paintings excepted, in the Vieux Louvre, are exhibited to 
perfection. 

2917. Where the ^me museum is to contain several classes of objects the suites of rooms 
for the different departments should be accessible from some central one common to all : 
this may be circula^ or polygonal, as may best suit the arrangement and means ; and, if 
p<»sible from the site, the building should not consist of more than one story above the 
ground ; on no account of more than two. 

2918. For the objects it contains we question whether the British Museum is surpassed, 
as a whole, in Europe ; and those of the Vatican, of the Uffizj at Florence, of Portici, and 
of Paris, are none of them of sufficient architectural importance to detain the reader by de* 
sciiption ; neither would they, if so described, be useful to tbe student as models. At 
Munich the Glyptotek for sculpture, and the Pinacotek for pictures, are in some respects 
well suited to the exhibition of the objects deposited in them, better, indeed, than is the 
museum at Berlin. These have all been much praised by persons of incompetent judg- 
ment as specimens of fine architecture ; but we cannot recommend the study of them to any 
one who is desirous of acquiring a pure taste in the art, nor indeed any other works of the 
modem German school. 

291 9 In the composition of museums decoration must not be exuberant. It must be 
kept in the interior so far subordinate as not to interfere with the objects to be exhibited, 
which are the principal features of the place. With this caution we do not preclude the 
requisite degree of richness which the architecture itself requires. Using the shorthand of 

the previous chapter f^e Greek cross, connected by a dome in the centre, for the 
great hall of communication, is perhaps as good a form for a museum on a small scale as 
could be adopted : however, this is a matter which would form an admisable exercise for 
the student 


Sect. XI. 

OBSERVATOHIES. 

2920. We had great doubts upon the admission of this section, not because of its want 
of importance, but because we can scarcely bring ourselves to the conviction that traversing 
domes for equatorial instruments and chases in a roof for fixed ones can be ever united with 
beauty of design. The observatory at Paris, from tbe designs of Perrault, is a noble 
buildmg, but believe, is universally admitted to be very ill suited to the purposes for 
which it was built. Hence we shall be brief in wbat we have to say under this section. 

2921. A regvker observatory is one where instniments are fixed in the meridian, whereby, 
with the assistance of astronomical clocks, the right ascensions and declinations of the 
heavenly bodies are determined, and thus motion, time, and space are converted into 
measures of each other. On the observations and determinations made in such establish- 
ments they are therefore, to maritime states, of vital importance, and ought to be liberally 
^dowed by their governments. As the subject will be better understood by a plan, we 
subjoin, in Jig. 1031., a plan and elevation of the observatory at Edinburgh. The general 
form of tbe plan, as will be therein seen, is a Greek cross, 62 feet long, terminated at its 
foet by projecting hexastyle porticoes, which are 28 feet in front, and surmounted by 
pediments. The intersecting limbs of the cross at their intersection are covered by a dome 
1 3 feet diameter, which traverses round horizontally, and under its centre a pier of solid 
masmury is brought up of a conical form 6 feet in diameter at the base, and 1 9 feet high. 
TIus is intmded for a portable.astronomical circle or for an equatorial instrument for observa- 
tiemseff the heavenly bodies nuide out of the meridian. In tiie eastern foot of the cross (M) 
are stone piers for the reception of the transit instrument ; c is the stone pier to which the 
transit clock is attached ; and d is a stone piece on which an artificial horizon may be 
placed, when observations are taken by reflection : this is covered by a floor board when 
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Rg. 1031. 


not in use, being just under the level of the floor ; aa are the slits or chases running through 
the walls and roof, but closeable by means of shutters when the observation is completed On 
the western side (ce) are chases as in the transit room; f a large stone pier for the reception 
of a mural circle ; g the clock pier ; A the pier for an artiflcial horizon as before ; i is the 
conical pier above mentioned, over which the moveable dome is placed, having an opening 
(Z) in the elevation for the purpose of observation ; k is the observer’s room ; and m the 
foont entrance. 

2922. It is to be especially observed that the piers for the reception of the instruments 
must not be in any way connected with the walls of the building ; they should stand on the 
firmest possible foundation, which, if at all doubtful, must be formed with concrete, and the 
piers should, if possible, be out of a single block of stone ; but if that cannot be obtained, 
the beds must be kept extremely thin ; partial settlement being ruinous to the nicety of the 
instruments as well as to the observer’s business. The observation applies also to the 
clock piers, all vibration and settlement being injurious also to them. At the Campden 
Hill observatory, near Kensington, belonging to Sir James South, there is a traversing 
dome 30 feet diameter in the clear. 

2923. A dry situation should be chosen for the site, for, except in the computing rooms, 
no fire heat can be allowed ; and it is important that the brass whereof the instruments are 
made should not be corroded by the action of moisture. In large public observatories 
there should be the readiest access from one part to another, and rooms for a library and 
computers independent of the chief astronomer’s room. 
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Sect. XII. 

UGUTUOUSES. 

292^4. It may perhaps be thought that we are touching on the province of the engineer 
in devoting a section to lighthouses ; but we cannot forego the completion of the pre- 
vious section by some few observations on lighthouses, which are the handmaids to the 
important results which dow from observatories, being the spots which verify the course of 
the navigator, and serve as precautions for his guidance when near the shores of a country. 

2925. The lighthouse dat^ from the earliest period ; and without entering into the 
question whether the ancient lighthouses were dedicated to the gods, or whether the 
towers erected for the purpose of warning the mariner were nautical colleges, where 
astronomy and the art of navigation were perfectly taught, we may at once proceed to 
state that in the earliest times they appear to have consisted of a tower of masonry, some- 
times of a circular form, but usually square, and consisting of various apartments, as the 
establishment was greater or less, wherein was a raised altar upon which the beacon was 
established. 

2926. Those who wish to pursue the history of the lighthouse must be referred by us 
to Jacob Bryant, whose theory is so pleasant that to it we must apply the old Italian 
saying, “ Se non i ve.ro ^ ben irovato.*^ We therefore leave the reader to consult our author 
on the subject of the purait or fire-towers. So also we shall not touch upon their per- 
version, nor the alleged dissoluteness and barbarity of the priests and priestesses who had 
the care of them, which we believe to be fables. 

2927. Certain however it is that the whole of the ancient establishment of fire-towers or 
lighthouses at an early period common on the shores of the Mediterranean, the Archi- 
pelago, the Bosphorus, and Red Sea, have long since disappeared. Among the most 
celebrated of these was the Pharos of Alexandria, which has given its name in French 
and Italian to all lighthouses. It was accounted one of the seven wonders of the world, 
and, in history at least, has perpetuated the glory and name of its founder, Ptolemy Phila- 
delphus. If Pliny may be relied on, it was the work of Sostratus, 300 years before the 
Christian sra, and bore an inscription to the following effect : “ Sostratus the Gnidian, the 
son of Dexipbanes, to the gods preservers, for the benefit of those who use the sea.” 
Lucian, however, says that this inscription was craftily covered with plaster, on which the 
name of Ptolemy was inscribed, but that the decay of the plaster lefr the name of Sostratus 
only. The story is however improbable, and is dependent entirely on the authority of the 
satirist. The dimensions of this building are not satisfactorily known : some have said 
its height was 300 cubits, or 100 times the height of a man, which would assign to it a 
height of 550 feet. On its top a fire was constantly kept, which, according to Josephus, was 
seen at the distance of three hundred stadia, equal to about forty-two British miles, which 
is a reasonable account ; but those who have delighted in marvellous stories have made the 
distance one hundred miles, and others have wonderfully gone beyond the last by assigning 
seven hundred miles as the distance, from which the speculum used distributed light ! 
'rhat this work was one of extraordinary magnificence cannot be doubted ; the cost has been 
stated at 800 talents (300,000/. sterling); and there is reason to suppose that it was quasi 
the parent of all others : but all we have said must be taken with great allowance, except 
that we believe it was a splendid monument of the time. 

2928. We have thus far extended in this case our observations, not perhaps in very 
strict accordance with the plan of this chapter, which relates rather to principles than 
history ; and the only excuse we offer is, that we know not where in our work they might 
have been more appropriately introduced. We perhaps may not better satisfy the reader 
in what follows; which, from the nature of the subject, must be more instructive from what 
has been actually executed than from the general principles upon which the construction 
of a lighthouse depends. 

2929. The most architectural of modern lighthouses is that of Corduan on the coast of 
France, which stands on a large rock, or rather on a low island, about three miles from land, 
at the entrance of the river Garonne. Like that of Alexandria, this lighthouse seems to 
have been intended for the commemoration of an aera in the history of France from the 
eminent utility of the building and the magnificence of its structure. Founded about the 
year 1584, in the reign of Henry II. king of France, it was carried on under the reigns 
of three successive monarchs, arriving at its completion in 1610, in the reign of Henry IV. 
It stands upon a platform of solid maso^y, and is surrounded by a parapet about 145 
feet in diameter, which is equal to the height. The lightkeepers’ apartments and store 
rooms are not in the main tower, but form a detached rmge of buildings on the great 
platform, the interior of the tower itself being finished in a style of magnificence too 
splendid for the use of common persons. Over the fuel cellar, which is formed in the 
solid masonry of the platform, is the great hall, 22 feet square, 20 feet high, with an arched 
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ceiling. On this floor are two wardrobes and other conveniences. Above the last-men- 
tioned room is the king’s room, 21 feet square and 20 high, with an elliptical ceiling, 
There are on this floor a vestibule, two wardrobes, and other conveniences. On the third 
floor is placed the chapel, for a priest who occasionally says mass is attached to the esta- 
blishment, and this is 21 feet in diameter, domed, and 40 feet high, and lighted by eight 
windows. 'Hiere is an eye in the dome through which is seen the ornamental roof of the 
room above, and that is 14 feet diameter and 27 feet high. This is used by the lightkeepers 
as a watch room. Over it rises an apartment, which is immediately under the Ught room, 
used for holding sufficient fuel for one night’s consumption, and capable itself of being 
converted into a place for the exhibition of a light in case of repairs being required to any 
extent in the main light room, which, as we have said, is immediately over it, and is 
surrounded by a balcony and circular stone parapet. The height from the floor to the top of 
the cupola of the original lantern or light room was 17 feet, and being unglazed, the smoke 
was carried out on either side in the direction of the wind. The roof, moreover, formed a 
kind of chimney in the form of a spire, terminating with a ball. The height of the light 
room, which was entirely of stone, was 31 feet from the light room floor to the ball on the 
top of the spire. The fuel first used for the light was oak, after which pit coal was in- 
troduced ; but in modern times lamps and reflectors have succeeded the last, and the light 
is now seen at a proper distance. 

2930. In England the student may turn to the Eddystone lighthouse, by the celebrated 
Smeaton, not only as an object of great beauty, but of 
that soundness of construction, which is the most essen- 
tial requisite in works of this kind. The general form is 
seen in fig. 1032. This is a fine Illustration of fitness 
producing beauty. The resistance it affords against the 
waves arises from the beautiful curved line which leads 
them up it instead of being broken against it. Indeed, 
in stormy weather, the waves actually roll up the side, 
and fall in a contrar)' curve over the top of the light- 
house. The beds of the masonry are so laid and dove- 
tailed and joggled into the rock itself as to become a 
part of it. The foundation stone of it was laid on the 
12th of June, 1757, and it was first lighted on the 16th 
of October, 1759. A narrative of the work was pub- 
lished by Mr. Smeaton, to which for detail the reader 
is referred. The two lower stories are used as store 
rooms ; the next above serves for the kitchen, above 
which is the bedroom, over which is the light room. 

2931. l*hus, we see, there is no reason why lighthouses 

should not be beautifully formed structures, instead of 
absurd misshapen masses of masonry, as they generally 
are. The attempt to make them resemble columns is 
intolerable ; they should possess, according to the dif- 
ferent situations, a character peculiar to themselves : 
hence the application of a column for the purpose is 
the worst of abuses. The North Foreland lighthouse, 
whose plan is polygonal, would be a good example had 
the details been properly attended to in the design. W'e 
do not here touch upon the mode of lighting, which 
has of late years occupied much attention, having con- 
sidered the duty of the architect performed when he Fig. 1032 . 

has provided a beautiful, lasting, and secure fabric for the reception of the lights. 



Sect. XIII. 

ABATTOIRS OR TUBX.1C SLAUGHTER-HOUSES. 

2932. It may be thought unnece^ary to assign a section in this work to the consideration 
of a species of building unfortunately unknown to this country, in which its non-employment 
is truly a reproach. The improvements still in progress however in the metropolis justify, 
we hope, the expectation that the paltry interests of a particular class, and the disgraceful 
opposition of the coloration of the city of London, will not much longer prevail to prevent 
the removal of Smithfield market, and the establishment of public slaughter-houses or 
abattoirs round the different outskirts of the metropolis. It is the duty of the legislature. 
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to interfere and stop the danger and unwholesomeness of the present practice, and not to 
leave it to individuals to improve the comforts and security of London and its suburbs. 
The cemeteries established by companies have ifone much : we hope to see the day when 
the subject in question will be forced on the government, without respect to the corporation 
tcdls o£ the market at Smithfield. 

2933. The accidents arising feom overdriving cattle through the narrow streets of Paris, 
and the infectious effluvia from the slaughter-hous^ often causing contagious maladies in 
their neighbourhood, induced the French government, in 1811, to execute a project which 
had been entertained for nearly a century previoi^ly, that of removing all the slaughter-houses 
from the heart of their capital. The result of this determination has been, not only the 
prevention of all cause of complaint of the former inconveniences, but has produced a set of 
buildings bearing a character of grandeur and magnificence proportionate to their destination. 
It was a worthy exercise of the power of the government ; it has obviated the disgraceful 
sights almost every day witnessed in London, sights tending to deprive the lower classes 
of humanity, and to render them ferocious, to corrupt the mind, to offend the eye, 
and to injure the public health. Without strictly adhering to the term abattoir, which 
would more properly signify a slaughter-house where the cattle are slaughtered, we mean 
by our proposition, not only the place for killing the cattle, but an establishment where, 
after they are killed, under the inspection of proper officers, the skins are arranged for sale, 
as well as the tallow obtmned from the fat, before these are distributed to the respective 
trades. 

2934. Political economists have doubted whether an individual ought to be restricted in 
the exercise of his industry wherever he may think it most conducive to his interest ; we 
are however inclined to apply to the principle the maxim of the lawyers, « sic utere tuo ut 
alienum non laedas,” and think that disagreeable and unwholesome establishments should 
be removed from all large cities. The experiment however, at all events, has been most 
successfully made in Paris, where butchers are no longer allowed to kill their cattle, except 
in the public abattoirs. For the purpose five open airy spots have been selected in the 
outskirts of the city, corresponding in size to the demand of those parts of the town to 
which they are correspondent. Those of Menilmontant and of IVIontmartre are the most 
considerable and extensive ; but the rest are constructed on similar plans, in which there is 
no difference except in the number and extent of the buildings. We shall therefore describe 
generally the first named, that of Menilmoittant. 

2935. The slaughter-house of INIenilmontant at Paris is situated on a declivity, which con- 
tributes to its good drainage, and the consequent salubrity of the establishment. It stands on 
a site about 700 feet by about 620 feet, being insulated between four streets. Through an 
iron railing, about 108 feet in extent, flanked by two lodges, or pavilions^ in wliich are ac- 
commodated the officers of the establishment and their hureauxy is the principal entrance of 
the edifice. On entering from this a large square space presents itself, from the centre 
whereof may be seen the whole of the building twenty-three in number, composing the 
abattoir. This court is about 315 feet broad, and on its great sides about 475 feet long, 
and on its right and left are four double buildings separated by a road which traverses the 
whole ground parallel to the principal fa 9 ade. These are the slaughter-houses, each whereof 
is about 200 feet long by 1 36 feet in breadth, and they are separated by a paved court, 
in the direction of their length, so inclined as to carry off the filth, such court dividing 
them into two piles of building, each of which contains eight slaughter-houses for the 
particular use of the butchers. Each slaughter-house is lighted and ventilated from openings 
in the front walls. Above them are attics for drying the skins and depositing the tallow, 
and to keep them cool the flat roofs project very considerably. Behind the slaughter- 
houses, and parallel to them, are two sheepfolds, and at their extremities two stables, each 
of which contains lofts for the hay, and on each side of the court complete the two masses 
of building which compose the design. At the end of the court is a convenient watering 
place, and two folds for the first distribution of the cattle ; and also two insulated buildings 
for melting the tallow. These are intersected by a broad corridor, giving access to four 
separate melting-house^ with vaulted cellars, which serve as coolers. Beyond these, 
parallel to the enclosing wall, are two long buildings, divided into many warehouses on the 
ground and first floor, and standing on cellars, in which the undressed leather is kept, the 
upper floor being destined for the reception of calves’ and sheep skins. The last point to 
be noticed is a Imge double reservoir of water, of masonry, carried on two series of vaults, 
which serve as stands for carriages. A steam-engine between the two basins pumps the 
water into the reservoir. The basins are about 323 feet in length. Happe was the archi- 
tect; and the cost was «)mething above 120,000?. The rent which some years ago the 
five establishments yielded to the city was about 12,000?. per annum. 

2936. The description we have given shows the general distribution of the buildino-s 
which are the subject of the section. Although general, we apprehend that, with the 
particular information of which in every case the architect must possess himself, enough 
has been said on the subject. 
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Sect. XIV. 

EXCHAKGfiS. 

2937. An exchange is a place of meeting and resort for the merchants of a city to trans^ 
act the affairs rating to their trading. We are not aware that the mciente had any 
edifices exactly in their destination resembling the modem exchange, as used by us in 
these days ; there is* indeed, every reason to believe that the ancient basilica served at the 
same time for the accommodation of the officers of the law and for the assembling of the 
merchants. 

2938. All modem cities with any pretension to commerce have some place appropriated 
to the reception of the merchant, to which at a certain hour he resorts. Sometimes we 
find it a place surrounded with porticoes and planted with trees. Often it is a building 
including several porticos on the ground floor, surrounded by ofiSces for the bankers and 
money-changers, which latter use has given among us the name of exchange to the 
building. 

2939. The Exchange at Amsterdam seems for a long time to have prevailed as the 
model for ^ others. It was commenced in 1608, and finished in 1613, and its architect 
was Cornells Dankers de Ry. It is about 271 feet long, and about 152 feet wide. The 
whole edifice is supported on three large arches, under which flow as many canals. On 
the ground fioor is a portico surrounding a court, above which are balls supported on 
forty-six piers. Tlie divisions which they form are numbered and assigned each to a par- 
ticular nation or class of merchants. In the court, and within the enclosure, is the place of 
meeting for mercantile affairs. At the top is another large hall, and a warehouse for 
various kinds of merchandise. 

2940. The exchange is, perhaps, next in importance to the cathedral of the city, 
should be commensurate in appearance and accommodation with its wealth and conse- 
quence ; it should, moreover, if possible, be placed in the most central part. Such was 
Sir Christopher Wren’s idea in forming the plan of London after the confiagration. He 
considered the forum of the ancients to be the true model upon which a modem ex- 
change might be engrafted, and we think he was correct. Any edifice which in appear- 
ance resembles an ancient temple is unfit in character, and shows puerility and poverty of 
imagination in the designer. Porticoes are the principal features of such a building, and 
the variety in which they may be used for the purpose is infinite, and will afford ample 
scope for the artist’s talent. 

2941. No ofiBces or shops, as about to be constructed in the new Royal Exchange, for 
the purpose of obtaining rent* should be connected with the fabric, save only as in Paris, for 
example, a Tribunal de Commerce with its accessories, an establishment much wanted in 
England ; and perhaps in addition to this, in a maritime country like ours, a large hall and 
ofiSces for the transaction of business relating to the shipping interest. 

2942. In London and other places it has been usual to leave the court of resort open to 
the heavens; an absurd practice, which, we suppose, because it wa&.so before, has been re- 
adopted in the exchange about to be rebuilt in this city. The French are wiser, and 
though the weather is, generally speaking, much finer in France than it is here, they build 
tbeir exchange with a roof, for the comfort of those that use it. If, however, our merchants 
prefer exposure to the inclemency of the seasons, it is not our business to complain of the 

2M3. As we consider the Bourse at Paris an admirable model, both in distribution and 
design, we shall briefly here describe it. The edifice in question was begun in 1 8C^, under 
the designs of Brongniart, and completed by Labarre at a much protracted period. The 
general form on the plan is a parallelogram of 212 feet by 126 feet. It is surrounded by 
an unbroken peristyle of sixty-six Corinthian columns, supporting an entablature and attic. 
The peristyle forms a covered gallery, to which the ascent is by a flight of steps extending 
the whole ^dtfa of the western front. The intercolumniations on the walls are filled in 
with two tiers, one above the other, of arched windows, separated by a Doric entablature, 
and surmounted by a decorated frieze. The roof is formed entirely of iron and copper. 
In the centre of the parallelogram is the SaUe de la Bouree^ or great hall, 116 feet long and 
7 6 feet broad, wherein the merchants and brokers assemble. The Doric order is that used 
mth arcades round the sides, and between the arcades are inscribed the names of the prin- 
cipal mercantile cities in the world. The ceiling is formed by a cove, and in the centre a 
large skylight serves for lighting the great hail just described. It is rich in sculpture, and 
decorated with monochrome paintings, to imitate bassi relievi, sixteen in the whole, that is, 
five on each loi^ and three on each short side. They are all allegoricaL The hall con- 
veniently contains 2000 persons. At its astern end is a circular space railed off" for the 
conv^ence of the agen» de change : these only are admitted within it, and to it thero is 
a communication from their hall of business. On the right are rooms for the committee 
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On tiie left is an ample stmrcase leading to the gallery, supported by Doric 
and to tile hall of the Tribunal de Commerce, with its several apartments and 
wanting rooms. From the gallery, as on the ground floor, a corridor extends round the 
SaTL»j cmnmumcating with the Chamber of Commerce, the Court of Bankruptcy, and other 
pul^ c^ees. The cost of this very elegant and splendid building was about 326,0001. ; 
but tite merchants and city of London disgrace themselves by allowing 150,0001. for a 
timiUr purpose here ; and even fmr this sum they cut up their building into little slices, to 
immburse themselves by rents for the nuanable outlay. So much for tiie spirit and liberality 
of the British m^hant ! 


Sect. XV. 

CUSTOM-HOUSES. 

2944. It b almost unnecessary to inform our readers that a custom-house b an establish- 
ment for receiving the duties, or, as they are called, customs levied on merchandise 
imported into a country, as well as of regulating the bounty or drawback on goods ex- 
ported. According^ therefore, to the importance and wealth of a city, the budding to 
receive it b (rf* contiderable consequence. The first point that immedbtely presents itself 
is, that it tiiould be provided with spacious warehouses for holding the merchandise which 
arrives, and in which it is, as it were, impounded till the duties are pmd ; and next, that 
there must be provided ample accommodation for the officers who are to supervise the 
levying of the imposts. Now, these being the data, it is manifest that there can be no 
building so subject to modification in every respect as a custom-house, and that that which 
might be well suited to a small town or city, looking to its trade, would be ridiculous 
eitiier in excess or smallness in another. Yet there are general principles which should 
guide the student in designing the smallest as well as the largest establishment of thb 
sort, and these are conttined in the two maxims, of muple capaciousness for the merchandise 
to ^ received into the warehouses, and a pasoptical view, on the part of the proper 
officers, of that which passes in the establbhment. Without these requisites, a custom- 
house b an ill-planned building ; but it is not to be supposed that such an observaticm can 
apply to an estabUshment of this nature in a metropolis like London, the subdivisions and 
dets^ of whose commerce have found as yet all the delegations of the customs in the 
various docks and suflerance wharfs still even too small for the commerde of the country, 
and have induced the government to extend the collection of the dues beyond the central 
^tablishment. We must, however, return to the custom-house calculated for a port criT 
ordinary sue, and not that of a metropoUs like London, though presently we must refer to 
what on that has been thought necessary for our guidance in smaller matters. Security 
against fire must be strictly attended to. The warehouses and covered places for examining 
and stowing the goods should therefore be arched in brick or stone, and should, moreover, 
be as much as possible on tiie ground floor. The offices for the public and beads of the 
establbhm«it may be over them on the first floor. Both of these are, of course, to be 
regulated in by the extent of trade in the place. The general character should be tiiat 
of timptirity ; ^roration b unsuited, and tiiould be very sparingly employed. ^Hie 
qiecies of composition most suitable seems to be pointed out in arcades and arched open- 
ings. The site should be as near as may be to the river or port, so that the merchandise 
may be landed and housed with as little labour as possible. 

2945. The following b a general view of the apartments and offices of the London 
Custom House. The long room, which b the principal public room for the entries &c., b 
190 feet long and 66 wide. This, as well as the rooms next enumerated, are on the first 
or principal floor, viz. a pay office for duties, treasury, bench officers or commissioners* 
nx>m% secretary’s room, rooms for the inspector general, surveyor of shipping, registrar of 
shipping, surveyor of acts of navigation, strong rooms^ comptroller, outward and inward, 
surveyor of works ; Trinity light office, bond office, bc^rd room, chairman’s roomi, com- 
mittee room and plantation clerk’s office. On the ground floor are the following offices : 
for minute clerks, derk of papers, petitions, messc^ers, landing surveyors, wood form 
ofiice, tide writer^ tide surveyors, inspectors of river, guagers, landii^ wmters, coast 
writers, coast office long room, coast bond office, coffee office, housekeeper, searchers, 
m<w »bflnts and brokers* rooms, comptroUing searchers, appointers of the weighers and office 
for the plantii^m department. Beside these ^artmcnts there are warehouses f<» the mer- 
chandise. 

2946. The above Icmg Ibt will ^ve a notion what would be wanted on a smalW 

scale ; but on such matters the special instructions on each case must be the guide to the 
architect in making hb deagn. Many of the above offices would, course, be unnecessary ^ 
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in a small port, neither would the dimensions be so large as in the example quoted. The 
staircases, corridors, and halls must he spacious in all cases, the building being one for the 
service of the public. 


Sect. XVI. 

THEATRES. 

2947. A taste for dramatic representations prevailed at a very early period among the 
people of antiquity, and this was not diminished by the introduction of Christianity, even 
when the temples were deserted and paganism seemed extinct. The destruction of these, 
however, was its concluding triumph. It would be a difficult matter to fix the precise date 
of the abolition of the pagan theatre, but it seems likely to have resulted rather from the 
falling into decay of the old theatres than from a disinclination on the part of the people 
to the pleasure they received at them. It is not, however, the object of this section to trace 
the history of the theatre ; though we think it right to say a few more words on the subject. 
With the revival of the arts, the taste for scenic representations appeared with the literature 
on which they are dependent. In Italy we find, therefore, the drama at this period repre- 
sented in very large enclosures, such as the amphitheatre constructed by Bramante in the 
large court of the Vatican, whence the taste soon spread over all the nations of Europe. 

2948. The pleasure which flowed from this renewal of an ancient art was at first con. 
fined to few, and those were either men of learning or select societies, who bore the expenses, 
and again raised in the country a renewal of a theatre much resembling those of the 
ancients as respected the form and disposition. To prove this, we need only cite the 
example of the celebrated theatre at Vicenza, built by Palladio in 158.S, and designed in 
imitation of the ancient theatres. Its form is a semi>ellipsis, whose transverse axis is parallel 
with the scene, encompassed with fourteen ranges of steps for the spectators. The greater 
diameter of this ellipse is 97J feet, and the lesser, as far as the stage, about 57j feet. At 
the summit is a corridor of the Corinthian order, which, from the want of ground, could 
not he detached all round from the external wall. The nine central and the three external 
intercolunuiiations, therefore, where the columns touch the external wall, are filled with 
niches and statues. The stage is designed with two tiers of Corinthian columns surmounted 
with an appropriate attic. In the front of the stage are three openings through which 
three avenues of magnificent buildings appear, and at the end of each is a triumphal arch. 
All these are executed in alto relievo, but are foreshortened and diminished perspectively. 
A full account of this building, which is well worth the student’s attention, is given in 
L' Origine delT Academia Olympica, ^c. Opera di Ottavio Bertotti Scamozzi. Vicenza, 1 690. 
For dramatic representations this theatre is no longer used, and at present it is only recog- 
nised as a monument of the extraordinary skill of the architect, and a memorial of the 
dramatic buildings of its period. The theatre at Parma, built by Aleotti, is another 
building belonging to the same class, and preserved, like the last. mentioned, as a curiosity. 

2949. When, however, the taste for scenic amusements began to spread, the sovereign 
princes, who alone could support the expense of such establishments, began to make them a 
necessary part of their palaces ; and the theatre, no longer a public and essential building, 
became what it now is, not an edifice for the reception and accommodation of the whole 
population of a city at certain periods, but a place which served for the habitual amuse- 
ment of those who could afford it. The drama again revived, and its history is an index 
to the edifices that rose for its representation. Becoming thus necessary for the amusement 
of the better classes of society, the establishment of theatres was undertaken by individuals 
in almost every city, and competition was the natural consequence. Then began the 
division of the theatre into different parts, the entry to which was marked by diflTerent 
prices, and the separation of the common people from those of rank and fortune. 

2950. Italy does not contain so many theatres, nor of such consequence, as might be 
predicated from the taste of its inhabitants. Among the earliest of consequence was that 
built at Bologna in 1763 by Antonio Galli Bibiena, (not to mention that built at Verona 
under the direction of the celebrated Scipio Maffei by Francesco Galli Bibiena,) with a 
noble portico in front and salons in the angles, possessing moreover great merit in its 
interior distribution, in the Italian theatres there is almost invariably a certain feeling of 
grandeur and unity about the interior little to be expected from the exterior, which in no 
way leads the spectator to the suspicion of a fine Salle de Spectacle behind it. 

2951. France has the credit of having erected the first modern theatre that can be deno- 
minated an example in this species of monumental architecture. That to which we allude 
is the theatre at Bordeaux, which is 325 feet in length, and half that measure in width. It 
is surrounded by arches, whose piers are decorated with pilasters of the Corinthian order, 
running up the whole height through the ground and one-pair stories. Set back, an attic 
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is raised, which conceals the roof, wherein the necessary accommodations which a theatre 
requires are disposed. Whether we consider the exterior or interior of this ediBce, every- 
thing is grand ; the accessories are worthy of the whole, and the richness of the interior 
decoration is only equalled by the fine forms whereon the decorations are used. The 
ingress and egress are admirable ; and a splendid concert-room and magnificent staircases 
complete the destination, to which it is so suited, as to afford the finest model of a theatre 
to which we can refer the student. The plans, &c. of this work were published by the 
architect, under the title of Salle de Spectacle de Bourdeauxy atlas folio, Paris, 1782. 
Paris hut followed Bourdeaux in improving its theatres, and latterly the metropolis of Eng- 
land followed in the wake. 

2952. The principal points for the consideration of the architect in the composition of 
a theatre, may be classed under the heads of utility, suitableness for the purpose, and taste 
in combining them. Under the first head must be placed the accomplishment of two main 
objects, those of seeing and hearing what passes on the stage. TTiese, indeed, are inti- 
mately connected with each other, and are entirely dependent on the form adopted for the 
plan of the interior, that is, the general form given to the boxes which surround the part 
before the curtain. We are not aware of any plan which, in this respect, is not based on a 
quadrangular, elliptical, or circular form. 

2953. The quadrangular form, besides its want of beauty, is not well adapted for ful- 
filling the objects with which we set out. In this, the greater number of spectators or 
audience who occupy the side boxes, are so inconveniently placed, that, to observe what is 
going on, their heads must be turned sidewise, and they are hence in a false position for 
the object. The actor being generally the point to which all eyes are directed, the spec- 
tator close to the proscenium will look at him in a right direction ; hut as the spectator 
removes to the extremity of the side, it is manifest that the angle in which the head must 
be turned becomes sharper, and the position is then painful. Besides this objection, the 
form is known to be unfavourable to hearing or to the propagation of sound. 

2954. The truncated oval is in some measure subject to the same inconveniences on the 
sides as the last-mentioned figure. It removes also a large portion of the spectators to a 
considerable distance from the centre of the scene, besides which, in the boxes near the 
proscenium their seats tend in opposite directions to the actor. It has been to remedy these 
faults that the form of the horseshoe has been adopted, which is a sort of mean between the 
quadrangular and oval forms ; and where the plot of ground is much longer than it is wide, 
it is a suitable figure, and one which affords the opportunity of increasing the number ot 
boxes. 

2955. When, however, the circumstances concur in allowing it, the adoption of the 
semicircular plan is doubtless the best. It is a figure which allows each spectator to be at 
an equal distance from the scene, that also by which the spectators in adjoining boxes less 
interfere with one another, that which affords the means of all seeing equally well, that in 
which the sound is most equally distributed, and that whose uniformity and simplicity seems 
to engender the best decoration. The semi-elUptic, with the transverse axis parallel to the 
proscenium, has interior advantages in some respects over the semicircle ; but it induces 
great difficulty in connecting the proscenium itself with the auditory part of the bouse, 
and, by increasing the width of the proscenium, increases the difficulty of framing the roof 
conveniently for the pmnting rooms, and securely as respects the walls. 

2956. Upon the destruction by fire of Drury Lane Theatre, a pamphlet appeared, 
entitled “ Observations on the Principles of a Design for a Theatre,” by Benjamin Wyatt, 
London, 8vo. 1811. These observations are so well worth the notice of the student that 
we shall close this section by giving the substance of them. The heads for consideration, 
says the author, are — 

2957. First. The size or capacity of the theatre, as governed by the width of the 
proscenium or stage opening ; and by the pecuniary return to be made to those w’hose 
property may be embarked in the concern. Second. The form or shape of the theatre, as 
connected with the primary objects of sound and vision. Third. The facility of ingress 
and egress, as materially affecting the convenience of those who go to every part of the 
house respectively, as well as their lives, in cases of sudden accident or alarm. Fourth. 
Decorum amongst the several orders and classes of the visitants to the theatre, as essential 
to the accommodation of the more respectable part of those visitants, and consequently of 
great importance to the interests of the theatre. Fifth. Security against fire, as well w’ith 
relation to the expense of insurance as with relation to the lives of individuals going to the 
theatre. 

2958. The size or capacity will necessarily depend very much on the width of the 
proscenium or stage opening, inasmuch as it is from the extremities of that opening that 
the form of the theatre must spring. The annexed is a statement of the width of proscenium 
at the theatres named : — 

Argentine, at Rome - - - - - .36 feet. 

Covent Garden 38 feet. 
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Theatre Italien, Paris (burnt) 
Turin - , - 

Bourdeaux ... 
Parma - - - . 

Milan .... 
San Benedetto, at Venice - 
Theatre Fran 9 ois, at Paris - 
Drury Lane ... 


38 feet. 

39 feet. 

39 feet. 

40 feet. 

40 feet. 

40 feet. 

40 feet. 

40 feet 6 inches. 


A width beyond 40 feet seems to be considered by the performers as inconvenient from 
the space they would have to pass over in the business of the drama. A greater width, 
indeed, than that stated prevents the easy and secure working of the scenes, for the machinery 
is increased in magnitude and weight as the height and breadth of the scenes increase. In 
mere spectacle and scenic grouping a reduction in the width of the proscenium reduces the 
number of extra performers, or supernumeraries as they are called, which become necessary 
for filling the stage. Again, every additional foot given to the stage opening increases the 
quantity of canvass used in the scenes, as well as the framing whereon they are fixed. 

In the Edinburgh New Philosophical Journal, vol. xxviL, there are, by Mr. J. S. Russell, 
some elementary considerations of certain principles in the construction of buildings designed 
to accommodate spectators and auditors, well worth the architect’s notice. In every large 
room, says the writer, a perfectly good seat is one in which, without uneasy elevation of the 
bead or eye, without straining or stretching, we can calmly and quietly take any easy 
position, or variety of positions, which we may he disposed to assume, and yet may in ail 
of them see and hear the speaker with equal clearness and repose, so as to give him patient 
and undisturbed attention. The object, then, is to ascertain in what manner the interior 
of a building for pulilic speaking should be formed, so that throughout the whole range 
which the voice of a man is capable of filling, each individual should see and hear without 
interruption from any of the rest of the audience, with equal comfort in an easy posture. 



and as clearly as if no other individual auditor or spectator were present. (See Jigs. 1033. 
and 1034.) The position of the seats is first investigated. In the usual variety of station 



and of position, it appears from experiments that the range required for the purpose is more 
than a foot and less than 18 inches, so that these may be taken as the limits; that is, over 
the head of the person before you therp must be a clear range of 12 or 18 inches, through 
which the head may be moved upwards or downw'ards without interruption. In other 
words, that a straight line drawn from the speaker’s head over that of the anterior spectator 
shall intercept the straight line which forms the back of the seat of the posterior observer, 
so as to cut off a height of 12 or 18 inches, within which the head of the spectator shall at 
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times be comprehended while sitting in a comfortab e position. Thus let S ( 1033. ) be the 

speaker and XYZ be three successive ascents; then the line SX must fall below SY* so as 
to leave the space Yx = 18 inches = Zy. 

2959. Applying this formula to every individual place in the room or building, we shall 
have the form required to satisfy the auditors. Let 2 l feet be assumed as a constant 
representing the distance of one spectator behind another, measured horizontally; and 1 ^ 
feet as the clear space, measured on the vertical line, for the mean range of comfortable 
vision for each. If the level of the door, that is, of the lowest seats, be already determined, 
the form of the interior accommodation may be thus described. AY {Jig. 1034.}, the 
height of the speaker, YX the level floor. From Ay take yy = 4 feet. Draw yx parallel 
to Y'X. Take Ay to yx as 1 ^ to that is, as A, the range of position of the spectator, to d, 
the distance between the seats. Take horizontal distances 1,2, 3, 4, &c. =2^ feet, prolong 
Ax to x', then the height x' to ?= 1 J feet. Join A/ and prolong it to x", and take a dis- 
tance x" to m=l^ feet. Through m draw Am, and prolong it to x"\ and take x"'n — l^ 
feet. Continue the process in the same manner to p, 9 , r, s, t, &c., and the points will be 
found of the successive places which the heads of the auditors should occupy. 

2960. But it is not only in receding that the back 
seats must rise ; those too far forward may be also 
unpleasant. They are too low ; they also should be 
raised : but this must be done so as not to inter- 
rupt those who are behind. It may be accom- 
plished in a similar way ; for, as formerly set ofiT, 

1,2, 3, 4, 5, 6 , &c. — 2^ feet (^y. 1035.), 1 is the first 
anterior point. Join Al, and let it cut the vertical 
line through 2 in x", the portion downwards x'7= 
feet ; then I is the point found. Join A/, make x'"k 
sssl^feet; join Ak and x"''i = l| feet; and so on. 
y. A, t, A, /, are the places found which the heads of the 
spectators should occupy, and show the elevation to 
be given to the seats successively. ioss. 

2961. If the simple process described be accurately performed, the points which indicate 
the places of the spectators will lie in the branches of a very beautiful curve, which may be 
termed the iseidomal or the Uacouatic curve, that is, one of equal seeing or hearing : it will 
be of the form inySy. 1036. A being the place of the speaker, and the heads of the spec- 




n«. 1036 . 


tators being placed on the line Amn, continued as far as the voice will reach, XAX being 
the axis of the curve, and YY its parameter. This curve has two branches on opposite 
sides of A, showing that if the building extend behind the speaker, or if the spectacle be 
visible or the sound audible on every side, the same may be continued all round. By 
means of this curve, the position of seats in a theatre may be satisfactorily determined. 

2962. For any great assemblage, where it is desirable that one individual or ‘Toiip of 
individuals should be seen or heard, an amphitheatre of this form might be constructed 
from the surface of revolution generated by moving the curve round its axis, which would 
perfectly accommodate 1 0,000 individuals. 

2963. According to the arrangement of London audiences, Mr. Wyatt calculates that a 
theatre consisting of three fourths of a circle on the plan, with a stage opening of 35 feet, 
will contain 

78 boxes, in four tiers, and holding . . 1004 

4 boxes of larger size, on each side next the stage - 188 

A pit, capable of containing - - - 91 1 

A two-shilling gallery - - . « 4 g 2 

A one-shilling gallery - - - ^ 284 


• c. u • ^06 9 persons, exclu- 

sive m tour boxes in the proscenium, and fourteen in the basement of the theatre imme- 
diately under the dress boxes. ’ nuuie- 
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S9S4. We have already ^ven some general hints relative to the form; we shall here add 
the author’s view of this matter ; and hereon he very properly says that, with reference to 
distinct sound, the safest method is to adopt a form i^wn to be most capable of conveying 
sound with facility, to ccmstruct that form of materials that are conductors of sound, and to 
avoid all breaks and projections on the surface of that form, because they obstruct and 
impede the progress of the sound. It is well known that a circular enclosure without 
breaks possesses the power of conveying soun^ with facility, and that wood is an admirable 
conducting material for the purpose. Count Algarotti, in his treatise on the Opera, says, 
dmly experience teaches tis that in a box whose walls are naked, the singer’s voice is rever- 
berated in a fMuticular manner ; it sounds crude and harsh, and by no means flattering to 
the ear ; die accents are quite lost if the box be hung with tap^ry ; whereas they are 
reflected full, sonorous, and agreeable to the ear when the boxes are only boarded, which is 
an obvious proof, and confirmed by experience, that the best lining for the interior part of 
a theatre is wood. 

2965. Whatever be the form of the theatre, it ought in every part to be limited in extent 
to such distance as the voice will distinctly reach ; and the nearer that figure conforms to 
the proportions which the natural voice is heard in each direction, the more equally will 
the sound be heard in every part of the theatre. The experiments tried by Mj. Wyatt 
proved that the reach of the voice when moderately exerted was in the proportion of 
about two ninths further in a direct front line than laterally ; and that being distinctly 
audible on each side of the speaker at a distance of seventy-five feet, it will be as plainly 
heard at a distance of ninety-two feet in front of him, declining in strength behind him so as 
not to be clearly heard at much more than thirty feet ^ AccordiAg,” says Mr. Wyatt, 
« to these data, it would appear that the geometrical figure, which comes the nearest to the 
extreme limits of the natur^ expansion of the voice, is a semicircle of 75 feet radius, or 150 
feet in diameter, continued on each side to the extent of 17 feet, or in the proportion of 
about two ninths of its lateral expansion 
1037.) beyond the limits of the semicircle, 
and then converging suddenly until the two 
lines meet at C, behind the back of the speaker.” 

But though the voice may be heard at these dis- 
tances, it does not follow that a theatre of this 
extent should be erected ; indeed, it would be 
absurd to do so, for the actor varies his place 
almost every moment ; and as be removes from 
the centre, from which it has been assumed he is 
speaking, he would become inaudible to some 
parts of the audience as he receded from it. It 
is evident, therefore, in planning a theatre, the 
radius or semi-diameter must be so reduced as 
to bring the extreme distance at which he may 
in any case be placed within the space of 75 feet, 
that is, that when the speaker is placed at the 
extremity of either side of the stage, his voice may be heard by those seated on the opposite 
side of the house. In the diagram, the widest part of the theatre inscribed in the larger 
figure is 58 feet upon the level of the dress boxes ; and allowing 9 feet 6 inches for the 
depth of the boxes on that fioor, by means of a projection of 18 inches more than the boxes 
sib^e, there will be 67 feet 6 inches between the extreme part of the stage on one side and 
the back wall of the boxes on the opposite side : but as the speaker is in no case pl^ed at 
either extremity of the stage, and even if so situated, the distance between him und the 
opposite side of the house would be within 8 feet of the reach of bis voice in its lateral 
directicm, and 25 feet within its limits in a direct line ; it hence appears that the circular 
is preferable to any other form ; and if we fix a limit for the diameter of that form, we are 
in possession of the rules which limit the length of the theatre, or the distance ^m the 
front line of the stage to the boxes immediately in front of that line. Taking 75 feet 
fer the distance at which the voice can be heard laterally, as the space between the front 
line of the stage and its immediately opposite boxes may occasionally be in the lateral 
direction of the voic^ the greatest distance from the front wall of the sta^ to the back 
wall of the boxes opposite the stage should not exceed 75 feet, the limit of the voice 
in its lateral direcrion, because of the turns of bead which he must often make finr the 
buriness of the scene, when that which was opposite might become lateral ; and thus those 
persons sitting in the opposite boxes would be 92 —75 feet — 17 feet beyond the reach of his 
voice. * 

2966. The use of a semicircle without modification would, however, involve the exten- 
sion of the stage opening to an inconvenient width ; and Mr. Wyatt very properly considers 
that the whole area of a theatre ^ould contain little more than one third of the space over 

3 F 3 



Fiy, 1057. 



806 


PRACTICE OF ARCHITECTURE. 


Book III. 


wl^h the voice can reach ; “ the one,” he says, “ being (independently of the space behind 
the of the speaker) a super6cies of 1 1,385 feet, and the other of 4003.” Ihis, he 
thinks, will compensate for the absorption of sound consequent on the number of the 
audience, the woollen garments they wear, and the state of the atmosphere, and would 
ensure a good hearing in every part of the house. 

.2967. According to the author's statement, he recommends that the distance from the 
front of the stage to the back wall of the boxes immediately opposite should be about 
54 feet ; in the old Drury I^ane it was 74 feet, and in the old Covcnt Garden Theatre, 
built about 1730, it was 54 feet 6 inches. In the Opera House, built by Vanbrugh, it 
was 66 feet. At Milan it is 78 feet. At the old San Carlos, at Naples, 73 feet ; and at 
Bologna, 74 feet. The distance in the present Covent Garden Theatre is 69 feet 8 inches, 
or nearly 16 feet more than it ought to have been. How, then, can people wonder at not 
seeing and bearing in such theatres, where the cupidity of the projectors has overstepped 
the mark, and very much contributed to the ruin of the drama ? 

2968. In an opera house the band as it were sustains the voice, and the spectade of the 
ballet is more addressed to the eye than to the understanding ; but even in that the theatre 
is universally too large for the pleasure of those who appreciate properly what is transacted 
in the scene. It k satisfrctory to know that the theatre which we in our introductory 
remarks selected as a model should coincide in the main points here in question with 
IVIr. Wyatt's project. We are not certain whether he has visited it, but are certain that if 
be has he would not change his opinion. 

2969. In respect of vision in a theatre, there can be no question that the semicircle gives 
the best chance for the whole of the audience ; but the objections to it are, that it requires 
that eithtf the stage opening should be of inconvenient width or that the size of the house 
should be too small. It is therefore, without modification, inadmissible. It is on this 
account that the ellipse, the horseshoe, and other flaUsided forms, have in later theatres been 
adopted, though it is manifest that a large proportion of the audience, says our author, 

must be placed with their backs inclining towards the scene, and that in all of them (if 
the house be not of extremely small dimensions) the front boxes must be at a great cUstance 
from the stage ; for in proportion as the sides shall approximate each other the front must 
recede, provided the circumference be not varied.” The summing up of the question on 
this head is thus given by Mr. Wyatt: “There is no object connected with the formation 
of a theatre which, in all its bearings, is of more importance than that the part of the house 
which faces the scene should be within a moderate distance from the stage. Unless that 
be the case, it is obvious that a very large proportion of the spectators must be excluded 
from a clear and distinct view of that play of the features which constitutes the principal 
merit of the actor in many of the most interesting scenes.” Mr. W'yatt does not believe 
that the height of the ceiling injures or affects the sound of the voice in the lower parts of 
the theatre, and observes that it must in every theatre “ be much too high to act as a 
reverberator or sounding board to the lower parts of the house.” But we do not agree with 
him on this point, and think we could refer him to more than one theatre in the metropolis 
which is defective in the conveyance of the sound from this cause alone. Besides this, we 
do not fed quite certain that the diagonal line drawn from the actor to the upper tier of 
boxes should not He the regulating distance, instead of the horizontal one which has been 
mentioned above. 

2970. Ingress and egress should be provided on each side of the bouse, so tlmt whatever 
doors, pass^es, and stmreases are placed on one side, there must be corresponding ones on 
the other. The spectators are thus divided, and pressure avoided. Angles should 9s much 
as possible be avoided, as well as steps in passages, for which no excuse can be offered. 
Doorways ought not to be less than six feet wide, nor should staircases be of less dimen> 
rions. In large stmreases, which consist of a centre and two ride flights, the central one 
should be equal in width to the side flights added together. In calculating the size, 
regard should in some m^isure be had to the number of persons which the part they serve 
wSl contrin. 

2971. It is only in an English theatre that the public have to complain of the admission 
of the most unfortunate members of the community, and of their subjection to scenes of 
great indecency. Nothing of this sort occurs on the Continent, whilst here the proprietors 
of theatres allow the admission of such persons at a reduced rate of payment if they take an 
admission for the season. As, in this country, it is impossible to exclude any particular 
<»lagg of persons, it would be well so to contrive the access to the dress circle of boxes that 
it may be arriv^ at without passing near the saloons, which are generally the resort of the 
class of people alluded to. 

2972. With the exception of the dressings and interior ornaments of the building, and 
those'parts of Uie stage and machinery which must be made of wood, it would be posrible, 
though perhaps smnewhat inconvenient, to erect a theatre, though not absolutely fire-proof, 
yet very secure against fire. This is, however, a subject not to be treated here ; but we ought 
not to onut that the supply of water from large reservoirs provided in the upper parts of the 
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building, is a precaution which should never be omitted. Pipes may be laid on from 
them to those parts, such as the carpenters’ room, scene room, and painting room, where 
fires would be most likely to break out, and where, if they did break out, they would 
be likely to be most dangerous. 


Sect. XVII. 

HOSPITALS. 

2973. The buildings called hospitals are destined for the reception of the sick poor, for 
insane persons, and sometimes for particular diseases, among which old age may be enu- 
merated, or disability from wounds, &c. in the public service, of which last class are the 
royal hospitals of Greenwich and Chelsea. There are some for the reception and education 
of foundlings, and others for the reception and delivery of pregnant women; and the term 
is sometimes used to denote a building appropriated to poor persons, where they have an 
allowance for their board and are lodged free ; in short, what is otherwise called an alms- 
house. 

2974. The ancients seem to have had no establishments like our Hospitals for the sick ; 
neither do they seem to have had asylums for those who suffered in the public service, 
though at Athens they were fed in the Prytaneum. In Sparta there does not appear to 
have been any such establishments; neither under the kings, consuls, or emperors of Rome 
does it seem there was any institution for the reception of poor sick persons. After the 
establishment of Christianity many hospitals were built by the emperors at Constantinople 
for poor infants, for aged persons, orphans, and strangers. To the honour of the nations of 
Europe, no city in it is unprovided with one or more hospitals. In Paris there are thirty- 
two hospitals, and in London, we believe, some few more. The governments of France, 
Russia, Germany, and Turkey support these institutions; but in England, with the ex- 
ception of Chelsea and Greenwich Hospitals, they depend upon the charity and foundations 
of benevolent individuals, as at Guy’s, Bartholomew’s, and the other hospitals of London. 

There is great reluctance often on the part of the poor to enter an hospital ; and on 
this account we do not think that money ill bestowed which tends to impart to it an 
agreeable and cheerful exterior. It is almost unnecessary to insist upon a thorough 
warming, and, what is equally important, ventilation of the edifice: no means should be 
omitted to render the place wholesome, and to prevent infection spreading from one part to 
another. If possible, the hospitals of a city should be seated in the lea.st populous parts, if 
the health of the city be consulted, or on each suburb; in which latter case the establish- 
ment would be nearer the quarter it is to serve, and more accessible in a short time in the 
case of accidents. 

2975. The plans of some of the finest hospitals in Europe are given in Durand’s 
Purallele d' Edifices; among them may be mentioned that of Milan as a very fine example of 
disposition. It is indeed the most celebrated in Italy. A large portion of it remains 
still unfinished. The architect was Filarcte, and, being commenced in 1457, it is of course 
in a half- Gothic sort of style. The accommodations for the men are on one side of a very 
large cloistered court, 152 feet wide and 204 feet long, and are in the form of a cross, 
304 feet long on each side and 30 feet wide. In the intervals of the cross are four court 
yards, on whose remaining sides are rooms for the assistants. A canal flowing at the side 
answers the domestic purposes of the place, and also turns a mill for the use of the 
establishment. On the opposite side of the cloistral court above mentioned are similar 
accommodations for the women. And in the middle of the narrow side of the great 
cloister, opposite the entrance, is a churcli, which serves for the whole establishment. The 
cloisters of the large court and the main body of the building are in two stories, so that 
they form galleries of communications. This edifice has served for model to many others ; 
and though it is now many years since we visited it, its excellence will not easily be 
effaced from our recoll«;tion. The hospital, given by Durand in the plates above quoted, 
De la Roquette, in the suburbs of Paris, designed by Poyet, was conceived on a magnificent 
scale, and was admirably planned. In this design each room, as well those on one side of 
the establishment for the males as those on the other side for the females, is appropriated 
to one particular disease. Each of these rooms is about 32 feet wide and 30 feet 6 inches 
high. Behind the beds (which are in two rows in each room) runs a passage about 3 feet 
4 inches wide, which removes them so much from the walls, and allows therefore of the 
necessary waiting on the invalids, and hides the w'ardrohe attached to each bed in the 
window recesses. Above these passages, which are about 6 feet 6 inches high, is arranged 
on each side a row of windows, by which ventilation as well as light is obtained. The 
ground floor contains the halls and offices necessary for such an establishment. The de- 
signs for this building were made about 1788, on the instructions drawn up, after several 
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years’ investigation, by a number of the most skilful and learned medical men of France, so 
as best to unite health and convenience in such an edifice. One of the conditions pre- 
scribed by their progrmnme was the complete insulation of each apartment, as well as an 
ea^ communication by covered galleries round the building, and these were required to be 
of such extended dimensions that the air around should be unobstructed and circulating 
in every part with freedom, thus afifording a wholesome promenade for the patients. 

2976. Tbe hospitals of Greenwich and Chelsea are good examples for establishments of 
this nature ; the former, indeed, adds to its other excellencies a magnificence in the archi- 
tecture worthy the object, though not so originally intended. The Hotel des Invalides at 
Paris is another monument worthy of all prmse ; and indeed we scarcely know a quadrangle 
more imposing than the court of this edifice with its double tier of arcades. This hospital 
contains 7000 veterans, and has attached t© it a library of 20,000 volumes. We know 
not how better to close this section than with the maxims, or rather general observations, 
of Durand upon the subject : “ Dans des hospices,” says the author, “ dont la disposition 
repondraient si parfaitement a Timportance de leur objet, on ne craindrait plus de venir 
chercher des secours. Leur aspect seul, si non magnilique, du moins noble et agreable, 
influerait sur I’efficacite des rem^des. En entiant dans des tels edifices, ou tout annonce 
le respect que I’on porte a lliumanite, et surtout a Thumanite souffrante, on se sentirait 
soulage du poids de la honte, fardeau souvent plus insupportable et plus accablant que 
celui du malheur meme.” 


Sect. XVIII. 

PRISONS. 

2977. In considerable cities and towns, humanity, and indeed justice, demands, in- 
dependent of the injury done to the morals of the public, that the same building which 
confines the convicted felon should not enclose the debtor and the untried prisoner, as well 
as him whose offence is not of an aggravated nature. WTiere there is a mixture of the 
several classes of those that have violated the laws, the young soon becomes infected by the 
old offender with whom he comes in contact, and returns to society, after undergoing his 
punishment, a much worse member of it than he was before his incarceration. In small 
towns, where there is only one, perhaps small, prison, the separation of the prisoners is 
more difiScult to accomplish ; but it ought always to be obtained. We hardly need say 
that the separation of the sexes in a prison is indispensable. 

2978. For whatever class of prisoners a building is erected, salubrity and ventilation are 
as essential as the security of those confined. The loss of liberty is itself a punishment 
hard to endure, without superadding the risk of disease and death in their train, to persons 
who may be even innocent of the crimes with which they are charged. Besides which, the 
disease engendered in a gaol called the prison fever may spread into the city and carry off 
its inhabitants. 

2979. We shall here place before the student the principal requisites which the cele- 
brated Howvd has specified for prisons. “ A county gaol, and indeed every prison, 
should be built on a spot that is airy, and, if possible, near a river or brook. I have com- 
monly found prisons near a river the cleanest and most healthy. They generally have not 
(and indeed could not well have) subterran^us dungeons, which have been so fatal to 
thousands ; and by their nemness to running water another evil almost as noxious is pre- 
vented, that is, the stench of sewers. I said a gaol should be near a stream ; but 1 must 
annex this caution, that it be not so near as that either the house or yard shall be within 
the reach of floods.” ..." If it be not pr^ticable to build near a stream, then an 
eminence should be chosen ; for as the wall round a prison should be so high as greatly to 
obstruct a free circulation of air, this inconVOTi«ice should be lessened by rising ground, 
and the prison should not be surrounded by other buildings, nor built in the middle of a 
town or city. That part of the building which is detached from the walls, and contains 
the men felons’ wards, may be square or rectangular, raised on arcades that it may be more 
airy, and have under it a dry walk in wet wither. These wards over arcades are also 
best for safety ; for I have found that escapes have been most commonly effected by under- 
mining cells and dungeons. If felons should find any other means to break out of the 
rmsed ward, they will still be stopped by the wall of the court, which is the principal 
security ; and the walls of the wards need not then be of that great thickness they are 
generally built, whereby the access of light and air is impeded. I wish to have so many 
small rooms or cabins that each criminal may sleep alone ; these rooms to be ten feet 
high to the crown of the arch, and to have double doors, one of them iron-latticed for the 
circulation of air. If it be difficult to prevent their being together in the daytime, they 
should by all means be separated at night. Solitude and silence are favourable to reflec- 
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tion, and may possibly lead to repentance.** . . . “The separation I am pleading for, 
especially at night, would prevent escapes, or make them very difficult, for that is the time 
in which they are generally planned and effected. Another reason for separation is, that it 
would free gaolers from a difficulty of which I have heard them complain : they hardly 
know where to keep criminals admitted to be evidence for the king ; these would be 
murdered by their accomplices if put among them, and in more than one prison 1 have 
seen them for that reason put in the women's ward. Where there are opposite windows 
they should have shutters, but these should be open all day. In the men felons* ward the 
windows should be six feet from the floor; there should be no glass, nor should the 
prisoners be allowed to stop them with straw, &c. The women felons’ ward should be 
quite distinct from that of the men, and the young criminals from old and hardened 
offenders. Each of these three classes should* also have their day room or kitchen with a 
fireplace, and their court and offices all separate. Every court should be paved with 
flags or flat stones for the more convenient washing; it, and have a good pump or water laid 
on, both if possible ; and the pump and pipes should be repaired as soon as they need it, 
otherwise the gaols will soon be offensive and unwholesome, as I have always found them 
to be in such cases. A small stream constantly running in the court is very desirable. In 
a room or shed near the pump or pipe there should be a commodious bath, with steps, (as 
there is in some country hospitals,) to wash prisoners that come in dirty, and to induce 
them afterwards to the frequent use of it. It should be filled every morning, and let off 
in the evening through the sewers into the drains. There should also be a copper in the 
shed to heat a quantity of water sufficient to warm that in the bath for those that are 
sickly. There should also be an oven : nothing so effectually destroys vermin in clothes 
and bedding, nor purifies them so thoroughly when tainted with infection, as being a few 
hours in an oven moderately heated. The infirmary or sick ward should be in the most 
airy part of the court, quite detached from the rest of the gaol, and raised on arcades. 
These rooms should never be without crib-beds and bedding. In the middle of the floor 
of each room there should be a grate of twelve or fourteen inches square, covered with a 
shutter or hatch at night. The sewers or vaults of aU prisons should be in the courts, and 
not in the passages, and (like those in colleges) close boarded between the seats up to 
the ceiling, the boards projecting ten inches before each seat. The infirmary and sheds 
will not render the court unsafe, provided the walls have parapets or small chevaux de frisc. 
Debtors and felons should have wards totally separate ; the peace, the cleanliness, the 
health and morals of debtors cannot be secured otherwise. The ward for men debtors 
should also be over arcades, and placed on one side of the gaoler’s house. This house 
should be in or near the middle of the gaol, with windows to the felons* and to the debtors* 
courts. This would be a check on the prisoners to keep them in order, and would engage 
the gaoler to be attentive to cleanliness and constant washing to prevent his own apart- 
ments from being offensive. A chapel is necessary in a gaol. 1 have chosen for it what 
seems to me a proper situation. It should have a gallery for debtors or women ; for the 
latter should be out of sight of all the other prisoners, and the rest may be separated 
below.” 

2980. The above general principles are excellent, and are followed in all gaols of modern 
construction. The tread-mill is also introduced for punishment, as well as occasionally 
workshops for trades, to avoid the idleness of the prisoners. Society owes a debt of 
infinite magnitude to the benevolent man from whom the foregoing quotation has been 
taken. 

2981. One of the most celebrated prisons on a panoptical system in Europe is the cele- 
brated house of correction at Ghent. It is situated on the north side of that city, on the 
Coupure canal, which is bordered by a double row of large trees. A plate of the plan is 
given. No. 28. Durand’s ParaUele (T Edifices. It was begun in 1773, under the reign of 
Maria Theresa, and is in the form of a slightly elongated octagon, in the centre whereof is 
a spacious court, which communicates with the different quadrangles of the edifice. Each 
quadrangle or ward (eight in number) has a yard, and in the centre of that, belon^ng to 
the female ward, is a large basin of water, in which the female prisoners wash the linen of 
the whole establishment. Each prisoner sleeps alone, in a smaU but well-aired room, and 
is employed during the day in working at the trade or business to which he or she is com- 
petent. Of the produce of such labour, government retains one half when the prisoners 
are detained merely for correction, six tenths when condemned to a term of imprisonment 
under martial law, and seven tenths when they have been sentenced to hard labour. 'I'he 
remainder is divided into two portions, one given weekly to the prisoners for pocket 
money, the other given to them on the expiry of their imprisonment, to assist their re- 
establishment in society. Religious service and instruction are provided; and if prisoners 
are destitute of the first elements of knowledge, they are taught reading, writing, and 
arithmetic, besides receiving other instruction. Solitary confinement is the punishment 
for insubordination or refractory conduct. The shops for refreshments sold to the prisoners 
are strictly regulated by the officers of the institution; and the profits resulting from the 
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sale of the different articles are reserved for rewarding the most industrious and best- 
behaved prisoners. The new part of the building, which has recently been completed, has 
cost 40,000/. sterling ; and the whole edifice, when finished, and there is much still to be 
done, will contain 2600 prisoners. The defect in the institution lies in the reception of 
unfortunate and criminal persons of all descriptions, from the simple mendicant to the 
hardened murderer. It is true that those confined for heinous crimes are separated from 
those who have been guilty of misdemeanours ; but the knowledge, on the part of all its 
inmates, that they to a certain extent are considered in the same predicament, must neces> 
sarily so operate on their minds as to throw down the barriers between misfortune and crime, 
as well as between those who are only commencing a guilty course and those who have con- 
summated their vicious career. The Penitentiary at Milbank, in London, has been erected 
in some measure on the principles of the house of correction at Ghent, but its inmates 
are such only as have received the sentence of a criminal court. Where, indeed, the popu- 
lation is so great as in the metropolis of England, prisons for each class of offenders should 
be provided, at whatever cost. It is a duty due from the government to humanity to see 
that this is done. 


Sect. XIX. 

BARRACKS. 

2982. Barracks, or buildings for the reception of the military, were common with the 
Romans, amongst whom they were called costra or camps. There were many of these at 
Rome and in the provinces ; but the most perfect remains of Roman barracks are at Pom- 
peii, of which sufficient remains exist to give us a general idea of their distribution. The 
distribution was in an oblong, and the quadrangle or parade was surrounded by a covered 
gallery on columns. From this gallery was the entrance to the rooms of the soldiers, but 
it also served as an ambulatory for exercise. Beyond the further end, opposite the entrance, 
was a theatre. A more perfect knowledge, however, than we have of the barracks of the 
ancients, would not assist us in providing better for the military in these days ; indeed, there 
is little required to be said in this place on the subject, inasmuch as in respect of healthy 
situation, perfect ventilation, and security against fire, the principles which chiefly regulate 
the disposition and distribution of a hospital, are equally applicable in building barracks, 
which are, in truth, hospitia for the reception of men in health instead of sick persons. 
Private soldiers in barracks, however, usually sleep on inclined planes, raised from the floor, 
and at the head abutting against the wall, instead of being provided with separate beds. In 
Paris there are no less than thirty buildings used as barracks. The details necessary to be 
provided are a canteen or public-house, for the use of the privates and non-commissioned 
officers ; a spacious mess-room and separate apartments for the officers, and an infirmary. In 
cavalry barracks, proper stabling and a riding-house of large dimensions must of course 
be added. For cleanliness, all the yards should be paved, and the utmost precaution taken 
for carrying off* all filth and waste water by means of drainage into a sewer, having a 
considerable fall from the place. This will, as much as anything, tend to the healthiness 
of the building. 


Sect. XX. 

PRIVATE BUILDINGS GENERAt OBSERVATIONS. 

2983. Private buildings differ in their proper character from public buildings as much 
as one public building differs in character from another not of the same kind. The 
ends in both, however, in common, are suitableness and utility. The means are the same, 
namely, the observance of convenience and economy. The same elements are used in 
the formation of one as of the other ; hence they are subject to the same principles and 
the same mechanical composition. Distribution, which is usually treated distinct from 
decoration and construction, and very improperly so, as applied to private edifi(^, is con- 
ducted as for public buildings, that is, as we have said, with a view to utility and economy. 

2984. If the student thoroughly understand the true principles of architecture, — if he 
possess the facility of combining the different elements of buildings, or, in other words, 
fully comprehend the mechanism of composition, which it has in a previous part of this 
Book (III.) been our object to explain, notfring will remain for him in the composition of 
private buildings, but to study the special or particular conveniences required in each. 
'Ibere are some quaint old aphorisms of Dr. Fuller, prebendary of Sarum, which are so 
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applicable to all private buildings, that we shall not apologise for transferring them to our 
pages. 

2985. “ First,” he says, “ let not the common rooms be several, nor the several rooms 
common ; that the common rooms should not be private or retired, as the hall (which is a 
pandochffium), galleries, &c., which are to be open ; and the chambers, closets, &c. retired 
and private, provided the whole house be not spent in paths. Light (God’s eldest daugh- 
ter) is a principal beauty in a building ; yet it shines not alike from all parts of the 
heavens. An east window gives the infant beams of the sun, before they are of strength 
to do harm, and is offensive to none but a sluggard. A south window in summer is a 
chimney with a lire in it, and stands in need to be screened by a curtain. In a west win- 
dow the sun grows low, and ever familiar towards night in summer time, and with more 
light than delight. A north window is best for butteries and cellars, where the beer will 
be sour because the sun smiles upon it. Thorough lights are best for rooms of entertain- 
ments, and windows on one side for dormitories.” 

2986. “ Secondly, as to capaciousness, a house had better be too little for a day than too 
big for a year ; therefore houses ought to be proportioned to ordinary occasions, and not to 
extraordinary. It will be easier borrowing a brace of chambers of a neighbour for a night, 
than a bag of money for a year ; therefore ’tis a vanity to proportion the receipt to an 
extraordinary occasion, as those do who, by overbuilding their houses, dilapidate their 
lands, so that their estates are pressed to death under the weight of their house.” 

2987. “ Thirdly, as for strength, country houses must be substantives, able to stand of 
themselves, not like city buildings, supported and flanked by those of their neighbour on 
each side. By strength is meant such as may resist weather and time, but not attacks ; 
castles being out of date in England, except on the sea-coasts, &c. As for moats round 
houses, ’tis questionable whether the fogs that arise from the water are not more un- 
healthfiil than the defence that the water gives countervails, or the 6sh brings profit.” 

2988. “ Fourthly, as for beauty, let not the front look asquint upon a stranger, but 
accost him right at his entrance. Uniformity and proportions are very pleasing to the eye; 
and ’tis observable that freestone, like a fair complexion, grows old, whilst bricks keep their 
beauty longest.” 

2989. “ Fifthly, let the offices keep their due distance from the mansion-house; those 
are too familiar which presume to be of the same pile with it. The same may be said of 
stables and barns ; without which a house is like a city without works, it can never hold 
out long. It is not only very inconvenient, but rather a blemish than a beauty to a building, 
to see the barns and stables too near the house ; because cattle, poultry, and suchlike must 
be kept near them, which will be an annoyance to a house. Gardens ought also to be 
disposed in their proper places. When God planted a garden eastward, he made to grow 
out of the ground every tree pleasant to the sight and good for food. Sure he knew better 
what was proper for a garden than those who now-a-days only feed their eyes and starve 
their taste and smell.” The same honest old dignitary (would we had some such in these 
days !) says, “ He who alters an old house is ty’d as a translator to the original, and is con- 
fined to the fancy of the first builder. Such a man would be unwise to pull down a good 
old building, perhaps to erect a >vorse new one. But those who erect a new house from 
the ground are worthy of blame if they make it nut handsome and useful, when method 
and confusion are both of a price to them.” 


Sect. XXI. 

PRIVATE BUILDINGS IN TOWNS. 

2990. The common houses of the town are not those which will engage our attention. 
In London, and indeed throughout the towns of England, the habits of the people lead 
them to prefer separate houses for each family, to one large one in which several families 
may be well lodged, or, in other words, they prefer rows of mean-looking buildings, with 
holes in the walls for windows, to the palatial appearance which results, in Paris and most 
of the 0 ther cities in Europe, from large magnificent buildings with courts, and capable of 
accommodating a number of different establishments. The section will be confined chiefly 
to the arrangement of a house of the first class ; and from what will be said, sufficient hints 
may be drawn for the composition of those in a lower class. 

2991. The private buildings in a town are often in their composition beset with diffi- 
culties which do not occur in those of the country, where the extent of site is freer and 
ampler. These, therefore, may be isolated, and receive light from every side. Their 
offices may be separated from the main house, and the parts may be disposed in the simplest 
possible manner ; but in cities the site is generally more or less restricted, often verv 
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irregular in forni) and generally bounded by party walls. Yet, with all these obstacles, it 
is necessary to provide almost as many conveniences as are required in a country house ; 
whence the disposition cannot be so simple in its application as where there is no restraint. 
All that can be done is to make it as much so as the nature of the spot will permit, and to 
produce the maximum of comfort which the site affords. 

2992. Nothing must be considered below the attention of an accomplished architect, 
nor anything above his powers ; he ought as cheerfully to undertake for the proprietor the 
conduct of the meanest cottage as of the most magnificent palace. Little will be requisite 
to be said on the common houses of London, or other cities and towns in which there are 
seldom more than two rooms and a closet on a floor, with an opening behind. These may 
be varied ; but the general mode is to construct them with a kitchen in a floor sunk below 
the ground, and a room behind, serving for a variety of purposes ; an area in front, with 
vaults under the street, and the same often in the rear of the house. The space opposite 
the descending stairs will form a dark closet ; and the privies, and wine and beer cellars, 
with other small offices, are provided in the vaults. On the ground floor there is rarely 
more than a passage on one side, which conducts to a staircase ; and this requiring more 
width than the passage itself, the best room on this floor is placed in front, and the back 
is a smaller room, often opening on a small light closet stUl further in the rear. A yard is 
supposed behind, by which light is obtained for the back room. On the one-pair and 
other floors the passage becomes unnecessary as an access ; the drawing or front room 
therefore runs over it, and becomes larger, capable, in the upper floors, of subdivision for 
bedrooms, or other purposes, as may be required ; and the back rooms, with their closets, 
if carried up, follow the form of those on the ground floor. Though little variety may be 
the result of the restricted space to which this species of house is usually confined, the 
addition of four or five feet either way will enable an intelligent architect to throw in 
closets and other conveniences which are invaluable, as relieving a small house from the 
pressure which otherwise will exist in the different apartments. But this will be obvious 
to the practical man, unless he walks about blindfold. The houses we have just described 
may stand upon a site of about twenty feet by thirty feet, independent of the vaults in front 
and rear, and the back light closet, which is an invaluable appendage to a house of this de> 
scription ; which is the scale of a second-rate house. 

2993. Of the next higher rate of house the varieties are too great to be described, 
because the extent of the largest arrives at what would be called a palace on the continent. 
But, taking a mean between that just described and that last named, we may take one 
similar to a moderate one in Portland Place for example. In such a one we must provide, 
on the basement or sunk story, vaults under the street for beer, coals, wood, privies, and the 
like, the refuse or dust of the house. The body or corps de logis on this floor must contain 
housekeeper’s room, servants’ hall, rooms for butler and head footman, wine cellar, closets 
for linen, strong room for plate, with closets and other conveniences for the household. 
The ascending staircase must also have a space set apart for it. In the rear, under the open 
area behind, will be placed a kitchen, scullery, and the larder, with the other appendages of 
this part of the household ; an area, covered, where the communication with the rest of the 
floor is made between the body of the house and the offices in question. Beyond the 
kitchen are often vaults (though the disposition is sometimes otherwise), over which the 
stables and coachhouses are placed, opening on the ground floor or to a mews parallel to 
the street in which the house is situate. The ground floor of this disposition has usually 
a dining-room in front, with a good-sized hall at its side, leading to a staircase which 
ascends in direction of the long side of the house ; and this is necessary when the rooms 
above are to communicate by folding doors. In some old houses, however, the staircase 
ascends between the front and back rooms, and a back staircase is provided by the side of 
it. But more commonly this is placed beyond the principal stairs, to allow of throwing’ 
the drawing-rooms into one. In rear of the dining-room is often placed a library for the 
gentleman of the house ; and beyond this, and further than the back stairs, when the lateral 
staircase is used, a waiting-room, at the rear of which a water-closet may be placed, with a 
door from it to the area over the kitchen ; or there may be a communication of this sort from 
the waiting-room, which may serve the purpose of access to the stables. On the one-pair 
floor the disposition will be two drawing-rooms, a boudoir over the waiting-room, and be- 
yond this a water-closet. On the two-pair floor two bed-rooms, each with a dressing-room, 
or three bed-rooms and one dressing-room, and a bath-room and water-closet. Above this 
four bed-rooms and closets may be obtained ; and, if necessary, rooms in the roof in addi- 
tion. For a good bouse of this class, with the offices, the plot of ground should not be 
much less than 1 00 feet by 30. 

2994. Of the first class of houses, as a model may be taken the town-house in 
Piccadilly, of His Grace the Duke of Devonshire, which, with the offices and court-yard 
in front, covers an area extending about 231 feet towards the street, and 188 feet in 
depth, whereof the house itself occupies a frontage of 163 feet and a depth of 188 feet 
and opens on to a large garden in the rear. On the east side of the court-yard are dis- 
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posed the kitdien and other domestic offices, opposite whereto, cm the west tide, stand 
the coach-houses qpd stablmg. The basement of the house contains apartments for the 
various persons attached to such an establishment. The principal floor to which the 
ascent is by an external staircase, contains an entrance-hall, 35 feet by SO feet, and ccnn- 
municates to an apartment on the west side, S3 feet by 22 feet, leading to the souffi- 
westem corner room, which is 20 feet square. On the north of the last is a room, making 
the north-west angle of the building, and this is 40 feet by 20 feet On the east side 
of this last, and feeing the north, is a room S3 feet by 23 feet, and in the centre of the 
north front corresponding with the width of the hall, is an apartment 30 feet by 23 feet 
6 inches. To the east of the last is a room 33 feet by 24 feet and east of that forming 
the north-east angle, is a small room 20 feet square. Thus fer these rooms, seven in 
number, are all en suite, but this is in some measure interrupted by the remainder of the east 
flank, which is filled with three smaller rooms. To that of thena, however, at the south, 
which is 20 feet square, a passage is preserved, and from that you enter another room, 
23 feet by 22 feet, which once more brings you back to the hall. The staircases are 
between the north and south rooms on each side of the haU. Above this floor are the 
lodging rooms, &c. The superficial area of all the reception rooms on the principal floor, 
added together, amounts to 5708 feet. 

2995. Burlington-house, in some respects, — for instance, in its beautiful front court, — 
may be considered superior to that we have just described. It can be hardly necessary to add 
that, in such edifices, rooms must be provided for steward, butler, housekeeper, stiUroom- 
maidj servants’ hall of good dimensions, valets, ladies maids, &c. ; for a muniment room and 
plate, both of which must be fire-proo£ Baths also should be placed on the chamber floor, 
with other conveniences which will occur to the architect. The rooms for pictures, if 
possible, should be on the north side of the building. To Lord Burlington the English 
aristocracy is much indebted for the introduction of the Italian style into their dwelling ; 
for the taste of Jones had almost passed away when the talented nobleman in question 
gave a new impetus to proper distribution and decoration. Plans and elevations of 
Devonshire-house are given in the Vitruvius Britannicus, which contains other town houses 
of importance well worth the student’s attention. 


Sect. XXII. 

earvATE BuiimiNos in the couktbt. 

2996. Of first-class private buildings in the country, we apprehend we cannot frirmsh 
better hints than by describing that of Kedlestone, in Derbyshire, erected for Lord Scars- 
dale by Robert Adam. There are others which are larger, but we do not think any 
superior in distribution and effect. The plans and elevations of it are to be seen in the 
Vitruvius Britannicus above mentioned. ’The main body 
of the house M (Jig. 1038.), is about 136 feet by 105 
feet ; and at each angle are quadrants of communication 
to the four wings A, B, C, and D, which are each about 
70 feet by 54 feet. On the basement story gf the main 
building are a large and small sub-hall in the centre, the 
former 67 feet 3 inches by 42 feet, and the latter 42 feet by 
40 feet 7 inches. On the right of these are disposed a 
butler’s room, 22 feet 6 inches by 1 7 feet 9 inches ; a 
housekeeper’s room, and a steward’s room, 30 feet by 21 
feet 6 inches. On the left, a bath, a gun-room, 23 feet 
9 inches by 23 feet 7 inches ; a smoking parlour, 28 feet by 17 feet 9 inches ; a boot-room, 
22 feet 6 inches by 1 7 feet 9 inches, besides closets and staircases, &c. on either side. The 
wing B contains the stables, a chapel, and other apartments. C, sleeping and other rooms, 
eight in number, with a staircase which conducts to the corridor in the corresponding 
quadrant. D contains the kitchen and its requisite accessories, and a servants’ haU. This 
wing has also a staircase to its corresponding corridor in the quadrant, which attaches it 
to the main body. On the principal story, the main body M has at the entrance, which 
is in the centre, and approached by a noble flight of steps, a magnificent hall, 69 feet 
3 inches by 42 feet, at the end whereof is a saloon 42 feet diameter. To the right, enter- 
ing from the hall, is the principal staircase, beyond which, laterally, is a bed-chamber 33 feet 
by 22 feet, with its accessories ; and on its end, towards the back front, are ante-rooms, and 
towards the firont the dining-room, whence by the corridor is access to the kitchen in the 
wing D, and from the ante-rooms above mentioned the corresponding corridor dn that side 
leads to a conservatory in the back front of the wing, and the upper part^ of the chapeL 
On the left-hand side of the hall, with windows in the left flank of the main body, is the 
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dra-wuig-iooiii, 44 &et 28 ; at the end towards the rear is a library, which is eon* 

turned in ibe corridor l&kding to the wing A, wherein is a music gallery, 66 feet by 18 feet, 
with other rooms and a staircase. On the e^ of the drawing-room, towards the front, is 
a muw room, 36 feet by 24 feet, whence the corridor leads to Lord Scarsdale’s bedroom, 
18 feet square, with dressing-rooms, and the lady*s library, which, on this floor, are in the 
wii^ C. The wing I) is occupied by the upp^ part of the kitchen, a laundry, 35 feet by 
18 'feet, and some bedrooms, to which access is by a gallery over part the kitehen. 
Ilm main body and wings contain a story over what has been last described, chiefly fer 
chambers. We have before (in the First Book, /tgs, 221, 222.) noticed the splendid hall and 
salon, which occupy the height of the whole building, and are, thou^ somewhat feulty in 
^tail, very finely-connived smd well-proportioned apartments. The former is 40 feet high 
to the top of the cove, and the latter 55 feet to the level of the eye of the dome. Though 
the dievations exhibit <fefects, we are not inclined to quarrel with them in a dwelling whi<di 
desen^ rather the name of a palace than of a count^ bouse. 

2997. England abounds with country seats of this class : among them is Holkham, 
which has already been mentioned in the first Book (511.) ; but we know none for dispo- 
sitimi that can claim superiority over that which we have above described at length, from 
which the student may derive much information on the requirenda in a mansion of the 
fir^ dass. It is to be understood that we here intend modern buildings. Ihe houses of 
the times of Elizabeth and James are many of them magnificent structures, but the com- 
fmrt introduced into houses of later date leaves them, independent of their picturesque 
beauty, fer b^ind the buildings of Kent, Carr, James, and many others. Blenheim is 
monumental in its de^gn, mid properly so, and hence does not fall within the category of 
the secticHi. 

2998. There are, of course, many intervening degrees between the mansion we have just 
described and the villa of the retired banker or merchant : it would be impossible to state 
riierai in detiuL We have ^ven the maximum in the above case, and we shall now give the 
minimum for the class last mentioned. 

2999. The smallest site of ground on which a villa can be well designed is, supposing 
it an oblong, about 80 feet by 55 to 60 feet. This on the principal floor will admit of a 
hall, a salon or ante-room, which may lead to the principri apartments, a drawing-room, 
two secondary drawing-rooms, one whereof may be appropriated to the reception of a 
billiard table, a good dining-room, not less than 30 feet by 20 feet, a library of equal size, 
with other rooms, suitable to the particular taste of the proprietor, and the conveniences 
and accessories which such a building requires. The ground, supposing the domestic 
offices to be under the principal floor, should be raised, so that they need not be much 
sunk below the general level of the land. If the building be seated on rising ground, a 
litde more smking may be allowed than under other circumstances, provided the low«* 
story be protected by dry drains all round the building, to prevent the earth lying against 
the walls, because drainage, the most important of all things in a building, may then be 
obtained easily by the natural fell of the ground. The plot we have mentioned will admit 
of all the offices below, which are necessary for the service of a good-sized family, ai^ 
above, with only one story above the principal one, will afiford a pretty fmr allowance of 
dormitories ; but if a concealed story for servants be practised in the roo^ there are few 
establishm^ts on a common scale for which, on the plot, accommodation may not be pro- 
v^bd by a skilful artist. The stables and coach-bouses and the greenhouses should stand 
apart. Some persons like to have these commumcating with the villa itsrif ; but the jmic- 
rice is cfestruetiTe symmetry, and very injurious (except in the villa on an irregular plan, 
wtairii tboi rather ^proaches to the cottage ome) to the general effect of the architecture. 

SCXXJL The villas at Foot’s Cray and Mereworth, imitations of Palladio’s Villa Capra, 
so often menrioTOd in this volume, and representod in Jig. 1018., are the maxima of villas; 
heyond ffiis the villa becomes a mansion, and must be treated as one on a scale more or 
less graiui, as tibe means of the proprietor allow the architect to provide for his wants. All 
precept^ however, on this head are valueless, becaiise the architect is r^ulated so much by 
the ecMoveniCTce required. He must possess himself fully of that^ and, att^ding to the 
geoeral rules given throu^out the work, but especially in this Third Book, he vrill find 
littfe difficulty in folfilling the commission with which he is intrusted. Among offier 
matters let hi^ wril inform himself of what has been done, and make himself master of the 
iDv<ffved in dcmi^tie eccmmny, from the lowest to the highest grade, {uid he cannot, 
yiri«g that iiffiwmaticHi, feil of giving his employer that sa ti s fa ction which is the first care that 
animate him. 

9001. It is not our intention to touch upon the cottage omS, as it is called. This is a 
nondescript sort of building subject only to rules which the architect chooses to impose 
upon The only point to be attended to, after internal comfort has been provided 

far, is to f^^esent incturesque effict in the exterior. It is a branch of practice requiring a 
mwiimwin of mind an ^ part of the architect, and fm* the successful execution of which 
ffielandseiqiesef Ga^iar Poussin will give him enough hints to stud a province with them. 
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Sect. XXIIL 

FARM-HOUSES. 

3002. The mere building denominated a farm-house is simple enough in its distribution, 
and scarcely justices a section here, because the persons engaged in agriculture have 
generally the best notion of the mode of suiting it to their own particular business and the 
nature of the farm they occupy. It is first to be considered whether it is expedient to 
place it close to the other buildings of the farm, such as the barns, stables, and stalls for 
cattle, &c. If so, it should be designed in character with them, and a large space of ground 
is enclosed for the formation of a farm-yard ; which, notwithstanding the seemingly re- 
pulsive nature of the subject, may be made a very picturesque composition as a whole. 
'Hie farm-house itself, though it must be sufiSciently large to accommodate the family of 
the farmer, should be restricted in the size of its rooms and the extent of its plan by the 
magnitude of the farm, it being altogether an absurdity to plan a large house on a small 
farm, not only because of the original cost, which the rent of the land will not justify, but 
because of the cost of the annual repairs which a large building entails beyond those of a 
smaller one. The same observation applies to the farm buildings themselves, which in 
extent must be regulated by the size of the farm cultivated. It is moreover to be con- 
sidered, in respect of the latter, whether the farm be grazing or arable. In the first case 
more provision of cattle sheds must be afforded ; in the latter case more barns must be 
allotted to the cultivator. These, however, are matters upon which the architect receives 
his instructions from the proprietor, and whereon, generally speaking, he is himself incom- 
petent to form a correct judgment. 

3003. In the commonest farm-houses the external door may open to a plain passage, at 
the end whereof the staircase may be placed. On one side of the passage may be a com- 
mon kitchen, and on the other side the better or larger kitchen, serving also as a parlour 
for the farmer and his family. Beyond these, on one side, may be placed the pantry, and 
on the other side the dairy-room, the last being much larger than the former, and being on 
the side of the parlour or best kitchen, not so liable to the heat. To these, as needful, may 
be added more rooms on the ground floor ; the upper story being divided into bed- 
chambers for the family, with garrets over them for the servants. The kitchens should be 
placed upon arched cellars on several accounts, not the least of which is that the farmer 
should have the means of preserving in good condition the malt liquor or cyder which is 
the principal beverage of his establishment. It is a sad mistake on the part of landed 
proprietors, though common enough, to think that such buildings are not only below the 
care of an architect, but that he is too ignorant of the wants of the farmer to be competent 
to the task ; if, however, he will reflect for a moment, he must admit that the artist who 
can make the most of a large plot of ground, with numberless requirements in the accom- 
modation, is not less able to turn to the greatest advantage for the comfort of the occupier 
even a small farm-house. 

3004. In the erection of a larger farm-house the choice of the site, as before, must de- 
pend on the nature of the ground and the situa^on of the farm Health and convenience 
are the primary governing matters. It must never be placed where it cannot be well 
drained. It should be central to the land, and as near the road as the conditions will 
admit. For such a building the principal door may open into a moderately wide passage, 
having therein a staircase to the upper rooms. On the right of the passage a common 
kitchen may be provided for the family, and on the left a room somewhat larger, which in 
very small farm-houses used to be called the best kitchen, but which in this may be really 
the parlour, where the family may sit retired from the servants. Under these, cellars, as 
above mentioned, may be provided. On the ground floor we may now add a bakehouse 
and scullery to the pantry and dairy provided in the first scheme, as also closets and such 
conveniences for the housewife. The floor above may be extended over the additional 
rooms just mentioned, thus giving lodging room to a larger number of persons than to 
those contemplated in the first scheme. “ In this manner,” says Ware, in his Complete 
Body of Architecture^ folio, London, 1756, “the young architect will very easily see how to 
enlarge or contract his plan for the building of farm-houses, according to the intended 
bigness.” . . . “ They all consist of the same number of rooms, and in general of the same 
number of oflBces ; this is where the bare article of convenience for farming is concerned. 
W here the inhabitant is grown rich, and intends to live in another manner, he may add 
what he pleases, which the architect may adopt.” . . . “ It is then no longer to be con- 
sidered a farm-house, but as the house of some person of fortune, who intends to live as 
those independent of business do, but withal to have some farming in his eye.” When the 
farm-house comes to this extent it trenches hard upon the condition of the villa, though not 
quite reaching it, because the latter includes many provisions for a refined mode of living 
which the yeoman, the pride of England, does not require; a class which, we fear, the ma- 
nufacturing and commercial classes are fast annihilating. 



S16 


PRACTICE OF ARCHITECTURE. 


Book III. 


Sect. XXIV. 

COTTAGES. 

3005. “ Estates,” observes Kent, ( Hints to Gentlemen of Landed Property^ 8vo. London, 
1776,) “being of no value without hands to cultivate them, the labourer is one of the most 
valuable members of society: without him the richest soil is not worth owning.” It 
follows, then, that his condition should be most especially considered, and it is a duty on 
every country gentleman to take care that the labourers on his estate are so considered as 
to be made at least comfortable, The shattered hovels,” says the same author, which 
half the poor of this kingdom are obliged to put up with, is truly affecting to a heart 
fraught with humanity.”. . . “The weather penetrates all parts of them, which must 
occasion illness of various kinds, particularly agues ; which more frequently visit the 
children of cottagers than any others, and early shake their constitutions.” . . . “ We are 
careful of our horses, nay, of our dogs, which are less valuable animals ; we bestow con- 
siderable attention upon our stables and kennels, but we are apt to look upon cottages as 
incumbrances and clogs io our property, when, in fact, those who occupy them are the 
very nerves and sinews of agriculture.” We fear the neglect of the comfort of the cottager 
has given a greater impulse to poaching and other crimes than his natural propensities 
have Induced. This, however, is not a matter for discussion here. It is not to be supposed 
that we mean the labourer is to be placed in an expensive dwelling ; a difference of rank 
must exist ; and if the whole revenue of the country were divided among the population 
per head, it would be seen (as M. Dupin has recently shown in a most eloquent and 
sound address delivered in Paris as respects France) that the division of it per day, 
after allowing for the expenses of the most economical government that could be de- 
vised, would be such as would not satisfy the lowest class of labourer, much less the in- 
genious mechanic. ITiis is a matter so susceptible of proof, and so proper to be generally 
promulgated, that we have here gone a little out of our way lest we should be considered 
too urgent with respect to the cottager. 

3006. No cottage ought to be erected which does not contain a warm, comfortable, 
plain room, with an oven to bake the bread of its occupier ; a small closet for the beer and 
provisions, two wholesome Lodging rooms, one whereof should be for the man and his wife, 
and the other for his children. It would be well always, if possible, that the boys and 
girls in a cottage should be separated ; but this unfortunately entails an expense, and per- 
haps is not so materially necessary, because the hoys find employment at an early age. A 
shed for fuel should be attached. 

Cottages should always be placed in sheltered spots, and as near as possible to the 
&rm where the labourer is employed. The wear and tear of a man is not very dissi- 
milar to that of an engine, and it tends as much to the interest of the farmer as it does to 
the comfort of the labourer that all unnecessary fatigue be avoided. 

3007. In the erection of cottages it is not only more economical, but more comfortable 
to the occupiers, that they should be built double, or in twos at least. In those provinces 
where brick or stone can be obtained they should never be constructed with timber, and 
tiles, if they can conveniently be had, should always supersede thatch. Further observa- 
tion on this subject will be unnecessary, for we have ill delivered the principles of our art 
if the student be not now prepared to carry out the few hints on the subject of cottages, 
— buildings, in point of fact, of importance paramount to the palace which the sovereign 
inhabits. 

The following remarks are from a very talented and practical person, J. C. Loudon, 
Esquire. 

“ The essentied requisites of a comfortable labourer’s cottage may be thus summed up : — 

“ 1 . The cottage should be placed alongside a public road, as being more cheerful than a 
solitary situation, and in order that the cottager may enjoy the applause of the public when 
he has his garden in good order and keeping. 

“ 2. The cottage should be so placed that the sun may shine on every side of it during 
the day throughout the year, when he is visible. For this reason, the front of the cottage 
can only be parallel to the public road in the case of roads in the direction of north-east, 
south-west, north-west, and south-east ; in all other cases the front must be placed obliquely 
to the road, which, as we have previously shown, is greatly preferable to having the front 
parallel to the road. 

“ 3. Every cottage ought to have the floor elevated, that it may be dry ; the walls double 
or hollow, or battened, or not less than eighteen inches thick, that they may retain heat ; 
with a course of slate or flagstone, or tiles bedded in cement, six inches above the surface, to 
prevent the rising of damp ; the roof thick or double, for the sake of warmth ; and project- 
ing eighteen inches or two feet at the eaves, in order to keep the walls dry, and to check the 
radiation of heat from their exterior surface. 
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^ 4. In general, every cottage ought to be two stories high, so that the sleeping rooms may 
not be on the ground floor ; and the ground floor ought to be from six inches to one foot 
above the outer suriace. 

“ 5. The minimum of accommodation ought to be the kitchen or living room, a back 
kitchen or wash-house, and a pantry, <hi the ground-floor, with three bedrooms over ; or 
two rooms and a wash-house on the ground-floor, and two bedrooms over. 

6. Every cottage, including its garden, yard, &c., ought to occupy not than one 
sixth of an acre ; and the garden ought to surround the cottage, or at all event! to extend 
both before and behind. In general, there ought to be a front garden and a back yard, the 
latter being entered from the back kitchen, and containing a privy, liquid manure tank, 
place for dust and ashes, and pl^e for iuel. * 

“ 7. If practicable, every cottage ought to stand singly, and surrounded by its garden ; 
or at all events not more than two cottages ought to be joined together. Among other 
important arguments in favour of this arrangement, it may be mentioned that it is the only 
one by which the sun can shine every day on every side of the cottage. WTien cottages are 
joined together in a row, unless that row is in a-diagon^ direction with reference to a south 
and north line, the sun wUl shine chiefly on one side. By having cottages singly or in 
pairs, they may always be placed along any road in such a manner that the sun may shine 
on every side of them, provided the point be given up of having the front parallel to the 
road, a point which in our opiiiion ought not for a moment to be put in competition with 
the advantages of an equal diffusion of sunshine. 

“ 8. Every cottage ought to have an entrance porch fr)r containing the labourer’s tools, 
and into which, if possible, the stairs ought to open, in order that the bedrooms may be 
communicated with, without passing through the front or back kitchen. This, in the case 
of sickness, is very desirable, and also in the case of deaths, as the remains may be carried 
down stairs while the family are in the front room. 

“ 9. The door to the front kitchen or best room should open from the porch, and not 
from the back kitchen, which, as it contains the cooking utensils and washing apparatus, 
can never be fit for being passed through by a stranger, or even the master of a family, 
where proper regard is had by the mistress to cleanliness and delicacy. 

“ 10. When there is a supply of clear water from a spring adjoining the cottage, or from 
some other efficient source, then'there ought to be a well or tank, partly under the floor of 
the back kitchen for drawing it up for use, as hereafter described in detail. The advan- 
tages of having the tank or well under the back kitchen are, that it will be secure from 
frost, and that the labour of carrying water will be avoided. 

“11. The privy should always be separated from the dwelling, unless it is a proper water- 
closet, with a soil-pipe communicating with a distant liquid manure tank or cesspool. 
When detached, the privy should be over or adjoining a liquid manure tank, in which a 
straight tube from the bottom of the basin ought to terminate ; by which means the soil 
basin may always be kept clean by pouring down the common slops of the house. No 
surface being left from which smell can arise, except that of the area of the pipe, the double 
flap, to be hereafter described, w'ill prevent the escape of the evaporation from this small 
surface, and also ensure a dry and clean seat. 

“ 1 2. The situation of the liquid manure tank should be as far as possible from that of 
the filtered water tank or clear water well. It should be covered by an air-tight cover of 
flagstone, and have a narrow well adjoining, into which the liquid should filter through a 
grating, so as to be pumped xip or taken away without grosser impurities, and in this state 
applied to the soil about growing crops. 

“ 13. In general, proprietors ought not to intrust the erection of labourers* cottages on 
their estate to the farmers, as it is chiefly owing to this practice that so many wretched 
hovels exist in the best-cultivated districts of Scotland and in Northumberland. 

“ 14. No landed proprietor, as we think, ought to charge more for the land on which 
cottages are built than he would receive for it from a farmer if let as part of a farm ; and 
no more rent ought to be charged for the cost of building the cottage and enclosing the 
garden than the same sum would yield if invested in land, or, at all events, not more than 
can be obtained by government securities. 

“ 15. Most of these conditions are laid down on the supposition that the intended builder 
of the cottage is actuated more by feelings of human sympathy than by a desire to make 
money ; and hence they are addressed to the wealthy, and especially to the proprietors of 
land and extensive manufactories or mines.” 

3008. The preceding observations of Mr. Loudon are extracted from a “ Report to Her 
Majesty’s principal Secretary of State, from the Poor Law Commissioners, on an Enquiry 
into the Sanitary Condition of the Labouring Population of Great Britain.” 8vo. London, 
1842. We regret that this Report was not published in time for us to notice one 
portion of it under its proper head, namely, that of sewers, a subject on which a very 
lengthened experience has enabled us to acquire some knowledge. 'Hie writer of the Re- 
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port, who himself cannot be supposed at all qualified for such a task, has recommended 
forms for sewers which practice has proved to be exceedingly inconvenient ; and has more- 
over given to a gentleman having, as he says, “ the experience and qualifications of an 
engineer,” the credit of having invented a method of flushing the sewers, and of carrying 
off all the refuse by water : a scheme so far from novel that we ourselves have used it on a 
very extensive scale for the last thirty-five years at least. We have thought it right here 
to notice this Report, which in many other particulars is ill and carelessly drawn up. It 
is much to be regretted that it was not committed to more competent hands ; we mean 
such parts as relate to the sifting and arrangement of the evidence whereon it is founded. 
But this is the course of things in this country : a briefless barrister, without the least pre- 
paratory education for the task, delivers opinions e.r cathedra, on which a scientific person 
would pause. “ Thus fools rush in where angels, &c.” — but the quotation is trite. 
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Sect. I. 

GENERAL REMARKS ON POINTED ARCHITECTURE, IN RELATION TO m SYMMETRY AKD 

STABILITY. 

The ponti6cate, towards the end of the tenth century, of n Benedictine monk, named 
Gerbert, afterwards known under the name of Sylvester II., and whose life, if Platina 
{Lives of the Popes) may be relied on, was not of the most virtuous character, seems to 
have induced an extraordinary change in the arts. Gerbert was a native of Auvergne, and, 
under Arabian masters at Cordova and Grenada, applied himself to, and became a great 
proficient in, mathematical learning. He afterwards appears to have settled at Rheims, 
and to have there planted a school which threw out many ramifications. The scholars of 
the period were confined to the clergy, and the sciences, having no tendency to injure the 
Church, were zealously cultivated by its members. 

In the twelfth century, the Elemetits of EncUdheeame a text book, and though this country 
was then behind the Continent, as respected the art of architecture, there is good reason 
for believing it was by no means so in regard to proficiency in mathematics, inasmuch as 
the Benedictine monk, Adelard of Bath, is known to have been highly distinguished for 
his acquirements in them. 

In the eleventh century, architecture, considered as an art, was little more than a bar- 
barous imitation of that of ancient Rome, and in it, all that appears tasteful was, perhaps, 
more attributable to the symmetry flowing from an acquaintance with geometry, than the 
result of fine feeling in those that exercised it. It was adapted to religious monuments, 
with great modifications ; but the materials and resources at hand, no less than the taste 
of those engaged in it, had considerable influence on the developments it was doomed to 
undergo. Ihe sculptures of the period were borrowed largely from the ancients, and 
among them are often to be found centaurs and other fabulous animals of antiquity. 

The first crusade had made the people of Europe acquainted with the East, and in the 
twelfth century the result of the knowledge thus'acquired was manifest in France, England, 
and Germany ; it could however ‘•carcely be expected that the art would emerge other- 
wise than slowly under the hands of the churchmen, who were the principal practi- 
tioners. It is difficult to assign the date at which the renowned association of Freemasons 
had its origin : on all hands it seems agreed that we are indebted to it for the noble 
structures of the middle ages. The antiquity claimed by the Freemasons of this age is 
too absurd for serious discussion. It appears reasonable to assume, that as the power of 
the Church was sinking, that of the Freemasons rose into life, and at the same time the 
laity increased in their rank and standing with society. The germs of the body were, 
however, previously in existence; for it is well authenticated (De Beka, De Episcopis 
UUraject ) that, in the eleventh century, a certain Bishop of Utrecht was killed by the father 
of a young Freemason, from whom the prelate had extracted the mystery (arcanum ma- 
▼isterium) of laying the foundations of a church. The period at which arose the celebrated 
Confratemite des Pants, founded by St. Benezet, is known to have been towards the latter 
end of the twelfth or the beginning of the thirteenth century, and it is not unlikely that it 
was a branch of the great masonic association. It is also worthy of notice, that the period 
in question coincides with the introduction of the pointed arch simultaneously in the 
different countries of Europe, as though they were all actuated by one general feeling, and 
directed and guided by one powerful and governing body with whom it seems to have 
originated. The association of Freemasons had, however, its types at a period extremely 
remote. Among the Romans, and still earlier, among even the Greeks, existed corporations 
(if they may be so called) of artificers a> d others; such were Numa’s Collegia Fuhromm 
and Collegia Artifeum, who made regulations for their own governance. These collegia 
were much in favour with the later Roman emperors, for in the third and fourth centuries we 
find that architects, painters, and sculptors, and many of the useful artificers, were free from 
taxation. The downfai, however, of the eastern and western empires involved them in on© 
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common ruin, though it did not actually extinguish them. There is said still to exist in 
England a document, alleged to be the constitution confirmed in 926 to the corporations of 
architects by King Athelstan, through his brother Edwin, but where it is deposited nobody 
seems to know: the story is doubtless a fable. Up, however, to 1425, it is clear they 
existed in this country, inasmuch as the statute of 3 Henry VI., which is to be seen on the 
Rolls of Parliament, prohibits their meeting in chapters. A perusal of the statute, which is 
very short, shows that up to that time they had continued to enjoy privileges, amounting 
almost to a building monopoly in this country. In an indenture of this reign, between the 
churchwardens of a parish in Suffolk and a lodge or company of Freemasons, it was sti- 
pulated by the latter that each mason should be provided with a pair of white leather 
gloves and a white apron, and, moreover, that the parish should erect a lodge, properly tiled, 
for the prosecution of the works. Some have imagined that the concealment of their modes 
of arrangement of arch stones was the chief object of their association, but there can be no 
doubt that the whole science of construction was studied and taught in the lodges. Others 
have-thought that they inclined to Manicheism, of which the sects were numberless: but 
we think they had enough to engage their attention, without discussing whether all things 
were effected by the combination or repulsion of the good and the bad ; or that men had a 
double soul, good and evil ; or that their bodies were formed, the upper half by God, and the 
lower half by the devil. 

How the laity managed to insinuate themselves into these corporations, which, untd the 
thirteenth century, consisted of the clergy only, does not appear ; but it is pretty certain 
that about this time the lay got the better of the sacerdotal architects, were received into 
favour, and protected by the public. Though the Freemasons, as a body, were not hostile 
to the Church, by which they were viewed with a jealous eye, they were inveterate enemies 
of the clergy, and more particularly of the monks. This is abundantly seen in the ri- 
dicule and grotesque lampoons bestowed on them in the sculptures of the thirteenth century. 
As the laity became contributors towards the monuments of the time, it was induced to 
obtain some control by the employment of lay architects, and the weakness of the Pope, 
whose authority had been considerably diminished during the twelfth century, tended 
likewise to a similar end. As an instance of the extreme length to which the ridicule of 
the priests was then carried, we have at Strasburg the representation of an ass saying mass, 
and, at it, being served by other animals. 

It appears that while the art was in it*? practice confined to the clergy, their taste was 
bounded by the semicircular arcli, and that the introduction of the pointed one, and the 
period of the acquisition of power by the Freemasons, were coeval ; whence it came, or 
whether it was the invention of that society, lias not as yet been satisfactorily answered. In 
glancing over the many writers on this subject, it is amusing to see the difference of opinion 
that exists among them. For instance, twenty are of opinion that it originated in Germany ; 
fourteen, that it was of Eastern or Saracenic origin ; six, that it arose from the hint sug- 
gested by the intersection of the Norman arches ; four, that it was the invention of the Goths 
and Lombards ; and three, that its origin was in Italy. Sprung, however, from whatever 
place, it appears to have given in every sense an indepen<lence to the art not before be- 
, longing to it, and to have introduced principles of far greater freedom, in respect of the ratio 
of points of support to the whole mass, than were previously exhibited or probably known. 

M, Michelet ( Histoire de France) observes, “ Or, lors de I'apparition de Togive en 
Occident vers 1200, Innocent III. est le dernier rayon de cette puissance universelle, le 
pouvoirde VEglise Catholique s’afTaiblit. La tentative desordres des mendiants, des peres 
preebeurs est infructueuse. Le pouvoir des pretres tombe dans la main des laiques. La 
puissance du droit canonique, de ce robuste auxiliare de I’Eglise, s’efface en France devant 
ces lois sages faites par le pieux Roi St, Louis, et ses etablisseinents immortels servent de code 
nouveau a ses sujets. En Angleterre le Koi Jean-sans-terre donne, en 1215, la grande 
Charte. En Allemagne, an commencement du treizieme siecle parait le Sachsenspiegel. 
Au milieu du quatorzieme, oii le regne de Fogive est a son apogee, I’Empereiir Charles IV, 
donne la Bulle d’or, Au treizieme siecle se terminent les Croisades qui mirent le Pape 
au dessus des pouvoirs temporels. Ces guerres saintes avaient fait prevaloir I’autorite de 
TEveque de Rome. Mais au treizieme siecle Tactivite des peuples Chretiens avait prit une 
autre direction, et ils fiiiirent par secouer toute cspece de domination.” It is impossible, 
in passing the pontificate of Innocent III., to refrain from noticing that it was an epoch, in 
which such men appeared on the scene as St. Thomas Aquinas, St. Dominic, St. Fr.ancis of 
Assisi, John Gerson, author of the “ Imitation of Jesus Christ,” a composition that has 
been oftener printed than any other work ; and in literature and the arts, about this period, 
are to be found the names of Dante, Robert de Lusarches, Arnolfo di Lapo, Erwin de 
^einbach, besides a host of others. 

Invested with all the character of chivalry and romance, and sacerdotal having yielded 
to secular art, the age seemed to express in matter its spiritual impressions. The aspiring 
vertical Uues of its monuments have by some been considered types of aspiration after the 
Divinity. This may or may not have been the case, and there cannot but be an indisposition 
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to believe in symbolism, when there are so many forms in nature whose imitation, 
study whereof, would lead to the same results. 

Architecture in the eleventh century was not even ranked among the liberal arts, 
were but seven in number, as expressed in the subjoined hexameter line, those arts 
were called servile being enumerated in the pentameter which follows it. 

“ Lingua, Tropus, Ratio, Numerus, Tonus, Angulus, Astra. 

Rus, Nemus, Arma, Faber, Vulnera, Lana, Rates.” 

While the schools were limited in their instruction, and the Aristotelian philosophy was 
in its palmy state, the heavy Norman style, with its zig-zags, broken sticks, and dog’s teeth, 
was the highest point the art could reach. Though the philosophy in question in some 
sort maintained its ground till the fourteenth century, it had been damaged previous to 
that period. Innocent III. issued a prohibition of the use of the physics and metaphysics 
of Aristotle, which, albeit not effectual, was nevertheless injurious to their growth. The 
universities, however, at a later period, did for the benefit of science and learning, what the 
association of Freemasons accomplished for pointed architecture at an earlier period. To 
these latter we are indebted, not only for the gigantic masses of exquisitely decorated com- 
position, to be seen in the structures themselves which they erected, but for the amalga- 
mation of them with the arts of painting and sculpture in the interiors. 

From an early time the triangle seems to have been associated with as much mystery 
and veneration as the number 3. Without here touching on symbolism, in its use, 
whether equilateral or isosceles,^ — for the most iir.portar.t of the mysteries of the Christian 
religion will immediately occur to the reader, as respects the equilateral triangle, — we can- 
not but perceive, both in one and the other, a tendency to the production of the pointed 
arch. The geometrical law for describing it is, as every one 
knows, founded on the intersection of two circles of the same 
radius. The Pythagoreans called the equilateral triangle, Trito* 
geneia It was, according to Plutarch, the symbol of justice. 

The subdivision of the arcs bounding an equilateral triangle by other 
arcs of equal radius, gives other modifications of the pointed arch, 
and by their intersections are obtained tlie skeleton lines of orna- 
mented windows of an early period, which, at a later date, 
branched out into the most luxuriant forms. If we may depeno 
on Caesar Cesarianus, the commentator on Vitruvius ( 152 1 ), the equilateral triangle, which 
he applies on tlie cathedral of Milan, seems to have been as useful in its application to the 
general proportions of cathedrals as in the formation of the pointed arch. In applying 
it to Salisbury cathedral, the triangles on the section seem accurately to bound the dimen- 
sions used. There can, indeed, be no doubt that the heights, widths, and lengths of churches 
were greatly dependent on its repetition for their proportions; inasmuch as in most of the 
principal churches, when tested by it, the coincidence is too remarkable to be the result of 
accident. There were, however, other ingredients, and those of high importance, necessary 
to produce these noble edifices, to which we shall hereafter have occasion to allude. The 
same figure, the equilateral triangle was also of essential importance in governing the details 
of curves, wherein the subdivision 3 and its multiples were concerned. 

Among other matters connected with the development of tlie art, Stieglitz, in 1834, 
brought to the notice of the public, the marks on courses of stone in many buildings in Ger- 
many, and elsewhere, called “ masons’ marks,” which by some have been supposed to be the 
personal marks of the masters of the works, but wliich are, in fact, nothing more than di- 
rections to the settersy and, indeed, are used by masons up to the present hour. Some of 
these, however, are curious in form and figure, and were most probably determined by the 
lodges. Their forms are principally rectangular, of forty-fi»e degrees, of the equilateral 
triangle, of the intersection of horizontal and perpendicular lines, and circular. Some of 
them have so great a resemblance to Runic characters, that therefrom it has been argued the 
Anglo-Saxons taught the Germans architecture, and that they cultivated tlie art, and had 
masonic lodges among themselves, at a very early period ; but this seems rather unreason- 
able ; neither is it likely that the natives of this island were the chief artists employed on 
foreign cathedrals, though some may have been. That these marks, however, were used 
from some traditional knowledge can scarcely be doubted. Thus the mark the cruciform 
hammer of Thor, is found in the minster at Bale, and repeated In the sixteenth century in 
the church at Oschatz. This mark abounds in a great variety of phases, — on medals, or 
annulets, in the museum of the Royal Academy of Copenhagen, and on many Runic monu- 
ments, as mentioned by Hobhouse, in his illustrations of Ckilde Harold. It is also found 
on the sacred jar of the Vaishnavas (^Asiatic ResearcheSy vol. viii.). At the Chateau de 
C’oucy (iSth century) is found the Runic letter S. One mark of frequent recurrence 
is an inverted Runic T. It may be seen at Fribourg, at the beautiful church of St. 
Catherine, Oppenheim, and at Strasburg, connected with the letter N. Without found- 
ing any hypothesis upon the singular agreement of these marks with the sixteen letters 
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of the Runic alphabet, it is at least a curious matter for further examination. These marks, 
it may be observed, are mostly found on the vertical faces of the masonry ; but, as in present 
practice, they are also often found on the beds, or horizontal faces, where stones have been 
displaced. That they emanated from some central authority, and were universally under* 
stood by those who were subject to it, no doubt can exist, and their resemblance to the 
Runic characters seems to point to some Anglo-Saxon connection. This however is but 
conjecture. 

Hobbouse, in the work above mentioned, states, that a character resembling the hammer 
of Thor is found in some Spanish inscriptions, and he seems to think it 
bears some affinity to Jig. 2, which is often drawn by boys in Italy, though 
no meaning is ascribed to it ; just as English shepherds, who never saw 
a coin of Antiochus, are in the habit of cutting the pentalpha on the turf 

The earliest lodge of which we have any authentic knowledge, was 
that of Strasburg. Of it, Erwin of Steinback seems to have been 
the head ; he appears also to have been the first secular architect 
of importance that arose, and to have had privileges of great im- Fig. 

portance conceded to him by the emperor, Rodolph of Hapsburg. 

This lodge was regularly constituted, with power, round a certain extent of territory, to 
maintain order and obedience among the workmen under its jurisdiction. In 1278, Pope 
Nicholas III. granted to the body a bull of absolution, which was renewed by his successors 
up to the time, in the fourteenth century, when Benedict XII. occupied the papal chair. 
To lodoque Dotzlnger, master of the works at Strasburg in 1452, the merit seems attri- 
butable of so forming an alliance between the different lodges of Germany, as to induce 
a greater uniformity of practice. Whether from the central lodge of Strasburg, whence 
certainly branched lodges at Cologne, Vienna, and Zurich, branched also the lodges of 
France, England, and Italy, in which last named country, one existed at Orvieto, it Is now 
perhaps too difficult a task to discover ; but it is quite certain, from the majority of monu- 
ments in those countries, that in them all the constructive principles and the same propor- 
tions modified, were practised by the builders. While the architect was clerical, we observe 
the uniformity of the massive pillars, surmounted by the semicircular arch. In the thir- 
teenth century, the lay architect appears, and the pointed arch becomes universal \ the monu- 
ments of the latter period bearing so great a resemblance to each other, that no other probable 
cause can be assigned for their similarity, than the superintendence of some powerful asso- 
ciation of operators. Allowance, however, must in many cases be made for the materials 
at hand in difierent localities, which, it is hardly necessary to observe, influence style in 
architecture. 

In respect of what may be called the general form and character of the cathedrals and 
churches formed on the Byzantine models, which are derived from the ancient Basilica, it is 
well known the resemblance is close. In the principal features of the plan, the Byzantine and 
pointed cathedrals are the same. The choir is mostly found in the east, and is separated 
from the nave by transepts. Two towers with spires, at the west end, and a porch between, 
compose the principal facade. The nave rises above the side aisles. In the thir- 
teenth century the choir, instead of being terminated circularly on the plan, became poly- 
gonal. It will be presently seen in what manner the number of sides of the polygon was 
regulated. 

Among the more rational pieces of symbolism is that of the plan on which the earlier 
Christian churches were constructed, namely, the cross. At the beginning of the ninth 
century, in an inauguration (of a church) sermon, the preacher observes, “ In dextro cornu 
altaris quae in modum crucU constructa est and again, In medio ecclesis quae est instar 
crucis comtructa.*' (^Acta S. S, Benedict.) After the tenth 
century it would perhaps be difficult to find a cathedral 
deviating from a cruciform plan. Round churches, as at Aix 
la Chapelle, Rieux, Merinville, and some few other places, 
are not enough in number to affect the rule. The Bap- 
tistery, which was a distinct and isolated building, and either 
circular or polygonal, does not here fall within our consi* 
deration. 

It was in the thirteenth century that the termination of 
the choir of the Byzantine plan was changed, as we have 
just noticed, from a circular to a polygonal form. The 
^neral ordonnance of the plan was, however, not changed, 
and seems almost to have sprung from the laws and propor- 
tions upon which surfaces and solid bodies are dependent. 

The square and its diagonal, the cube and its sides, appear, 
at least the latter or the side of the former (see ^g. 3. ), to fur- 
nish the vnii on which the system is based. Hence the num- 
bers 3, 5, and 7, become Ihc governing numbers of the different parts of the building, llie 
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unit in the Latin cross, placed at the intersection of the nave, gives the development of a 
perfect cube, according to the rules of descriptive geometry. Here are found the number 
3, in the arms of the cross and the centre square ; the number 5, in the whole number of 
squares, omitting the central one; and the number 7, counting them in each direction. 
The foot, however, of the cross was, in time, lengthened to repetitions of five and six, and even 
more times. In monumental churches, formed on such a system, there necessarily arises 
an unity of a geometrical nature ; and the geometrical principles emanating therefrom 
guided, not only their principal, but their secondary detail, as will after be seen. Even 
before the thirteenth century there seems to have been some relation between the number 
of bays into which the nave was longitudinally divided, and the exterior and interior divi- 
sions whereof the apsis consisted; but, after the introduction of the pointed style, this rela- 
tion became so intimate, that from the number of sides of the apsis the number of bays in 
the nave may be always predicated, where the work has been carried out as it was originally 
designed. From the examination of many, indeed most, of the churches in Flanders, this 
circumstance had been long known to us ; but for first publicly making it known, the anti- 
quary is indebted, we believe, to M. Ram4e (in 1843), whose work, as respects the German 
examples, has been of much service to us, and, moreover, extensively used : there are, how- 
ever, many points on which M. Ramee does not enter into opinions similar to those we enter- 
tain. To resume, however : the connection of the bays of the nave with the terminating polygon 
of the choir was such, that the polygon is inscribed in a circle, whose diameter is the measur- 
ing unit of the nave, and generally of the transepts, and forms always the side of the square 
intercepted by them. It is most frequently octagonal (^(7.4.), and generally formed by 
three sides of the octagon. When this is used, the governing 
number will be found to be 8, or some multiple of it. Thus, in 
the Abbaye aux Hommes, at Caen (this, however, is previous to 
the thirteenth century), the termination of the choir is by a double 
octagon, and the number of bays in the nave is eight The same 
occurs at St, Stephen’s, Vienna, in the church of St, Catherine, at 
Oppenheim, at Lichfield cathedral, Tewkesbury abbey, and in 
almost every example that is known. It may be well here 
to observe, that the English cathedrals, from their great de- 
ficiency in symmetry, on account of their not having been finished on their original plans, 
do not afford that elucidation of the theory that is found in those on the Continent. In 
twenty-four instances of them we have sixteen in which the terminations are square instead 
-of polygonal : when polygonal the rule seems to have been always followed. 

An eastern termination of the choir in three bays may be produced from the octagon, by 
omitting the sides in the direction of the length of the building, as in Ji§. 5. In Jig 6 

rx 

F»g- Fig. 6. 

the three sides will be found to be those of a hexagon ; and in this case the number 6 
governs the other parts. Examples of this arrangement are, the minster at Fribourg, in 
Brisgau; the cathedral at Cidogne, where the apsis is dodecagonal, and there are six bays 
in the nave; and our own abbey at Westminster, where the eastern end is hexagonal, and 
there are found twelve bays in the nave. 

In respect of nonagonal termination, the most extraordinary instance of a cmncidence 
with the rules laid down by the governing lodges, occurs in the duomo of Milan, commenced 
at the end of the fourteenth century, and completed (the western front excepted) towards 
the end of the fifteenth century. However impure its details may appear to the rigid, 
it is nevertheless a monument of stupendous efifect, and was doubtless the result of high 
refinement in the lodge which superintended its execution. Its apsis is formed by three 
sides of a nonagon, and the bays in the nave are nine in number. One third of the 
arc contained under the side of an equilateral triangle seems to be tbe governing dimen- 
sion. The number 3, submultiple of 9, pervades the structure. There arc three bays 
in the choir, and the like number in tbe transepts. The vault of the nave is subtended 
by an equilateral triangle. The lower principal windows are each designed in three 
bays. The plan of the columns in the nave in each quarter contains three principal sub- 
divisions, and, in a transverse section of the nave, the voids are just one third of the solids. 
These are curious points, and, if Gothic architecture could ever again become the prevalent 
style of this country, much more worthy of investigation than the unimportant detail which 
now-a-days so much occupies the attention of archa?ologists. If the stem of the plant is 
right, the leaves and fruit will be sure to grow into their proper forms. 

3 G 4 
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Figi* 7. and 8. show the decagonal terminations of an apsis. In the 6rst, a side of the 
polygon &ces the east ; in the second, the angle of the polygon is on the axis of the church. 



Fig. 7. Pig. 8. 

The last case is of rare occurrence. Examples of it are, however, found in the church of 
Morienval, and in the choir of the dom-kirche of Naumburg. The 6rst case is illustrated 
by a variety of examples, — such are Notre Dame de Rheims, de Rouen, de Paris, dom of 
Magdeburg, Ulm, church of Ste. Elizabeth at Marpourg, the church of St. Quentin, &c., 
and, in this country, the cathedral of Peterborough ; all of which have either five or ten 
bays in the nave. 

The dodecagon, as a termination, is subject to the same observations as the hexagon ; 
indeed they were anticipated by the mention of the cathedral at Cologne. The heptagon, 
however, and its double, have not been alluded to. Under this figure must be classed the 
magnificent cathedral of Amiens, wherein seven chapels radiate round the choir end, and 
as many bays in the nave. The choir at Beauvais is terminated by a double heptagon ; and, 
had the church been completed, it would doubtless have had seven or fourteen bays in the 
nave. At Chartres, whose celebrated docker forms, as the French saying goes, one of the 
requirements of a perfect cathedral, the choir is terminated by a double heptagon, and the 
nave contains seven bays. In the duomo at Florence, the eastern termination is octagonal, 
and there are four bays in the nave : this is an example of the expiring Gothic in Italy. 
It is much to be regretted that the piecemeal cathedrals of this country, though generally 
consisting of exquisite detail, do not, as has before been hinted, present examples upon 
which the great system of the Freemasons can be tested ; neither do they afford means to 
investigate the dependence of the details, in respect of the multiple or siibmultiple of the 
polygon used in the apsis. 

On an examination of the principal churches on the Continent, in and after the thirteenth 
century, it would appear that the practice of regulating the details was dependent on the 
number of sides in the apsis, or of bays in the nave, l^us, if the choir is terminated by 
three bays, formed on an octagonal plan, we find 3, or a multiple of it, is carried into the sub- 
division of the windows. So, if the number 5 is the dominant of the apsis, that number 
will be found transferred to the divisions of the windows ; and in like manner the remainder 
is produced. In the finest examples on the Continent such will be found the prevalent 
arrangement. If it be attributable to any other cause than that suggested, let those who 
doubt point it out The least that can be said of it is, that, if the facts be as stated, they 
point to a reliance on symmetry which, it is much to be regretted, has been entirely prceter- 
mitted in modern architecture, as now practised under the name of Gothic. 

It may be proper to mention two or three other matters afllcting the extraordinary 
monuments of art erected in and after the thirteenth century. The aisles are usually half 
the width of the nave, though instances do occur where the width is equal. In some 
churches, previous to the twelfth century, the choir is found at the west end of the church. 
These were called EotholcB, in contradistinction to the Eopylts, wherein the choir was in the 
east. Many churches also have two apsides, — such are the cathedrals at Nevers and at St. 
Cyr, and in Germany St. Sebald, Nuremberg; the dom-kirche at Mayence, the abbey 
church at T>aach, the cathedrals of Bamberg, Worms, and others. 

It will not be difficult to anticipate, by what has already dropped from us, that we bold 
symbolism in churches an idle conceit, and that not much will be said by us on that 
subject; but a few specimens of the nonsense it induces may as well be set down. The 
venerable Bede, for instance, says that the walls of a church are a symbol of the Christian 
worshippers that frequent the edifice. “ Oranes parietes templi per circuitum omnes sanct« 
ecclesiae popuU sunt, quibus super fiindamentura Christi locatis, ambitum orbis replevit.” 
The venerable scribe, be it observed, is speaking of Solomon’s temple. Again, in respect 
of doors, we have “ Ostium autem templi Dominus est, quia nemo venit ad Patrem nisi per 
ilium,” &c. As to the windows, they are symbols of the saints and spiritual worshippers ; 

“ Fenestra? templi sunt sancti et spirituales.” To come, however, to recent symbolism, we 
find that the moderns have discovered that the principal entrance of a church is a symbol 
of our entrance into physical and moral life ; that the tympgn, or gable-like form, over the 
great western porch (whose origin is the Greek pediment, but raised to conform with the 
charact« of the style), is a symbol of the Holy Trinity ; the great rose window at the 
wtstera «id of a church is, from its circular form, accounted a symbol of Divine Pro- 
vidence I At Amiens, tbe four rose windows have been considered symbolical of the four 
elements ! In respect of the towers, too, they are not without their meaning : that on the 
left is a symbol, at least so it is said, of the ecclesiastical and spiritual hierarchy, and that 



Appendix. 


REMARKS ON POINTED ARCHITECTURE. 


825 


to the right represents order, that is, the civil or temporal power I and generally, where 
four horizontal divisions occur, the lower one is symbolical of the cure, the next upwards 
of the dean or archdeacon, the third of the bishop, and the fourth of the archbishop. 
Should a fifth horizontal division occur, the primate is the type. So in the right hand 
tower, the lowest compartment represents the mayor, and in succession upwards appear a 
count, a duke, a king ; and if the tower be covered with» a spire, no less than an emperor 
appears. One is almost surprised that there is no symbol to represent the svisse of the 
continental, nor the beadle of our churches in this country. 

The interior of a church, according to the symbolists, affords some further curious features 
of mysticism. The principal entrance is at the foot of the Cross, because, by the use of the 
FEET (i. e. travelling) the Gospel was preached! What is called canting heraldry surely 
does not equal this, Tlie nave is said to represent the body of the faithful ! The ceiling 
over the altar is accounted a symbol of heaven, and the chapels round the altar are said to 
represent the aureola round the head of Christ ! But it is scarcely worth while to waste 
more time on the consideration of such absurdity, where the things have been ingeniously 
fitted to the types, instead of the converse. There is, however, one other point connected 
with the subject, which has been recently revived, and a few words must be expended in 
notice of it. 

If on the diameter of a circle (fig. 9. ), with an axis perpendicular 
to it, an equilateral triangle be described, whose vertical height shall 
be equal to the semi-diameter of such circle, and from the angles of 
the triangle on the diameter, with a radius equal to one side of tlie 
triangle, arcs of circles be described cutting each other superiorly and 
inferiorly, the figure described is that which is called the Vesica Piscist 
or Fish’s Bladder. This figure has been very cleverly adapted, first by 
Mr. Kerrich, ahd since by others, to the plans of Gothic edifices, so as 
to make the one fit the other. Now, there is scarcely a regular geo- 
metrical figure which might not be coaxed into such an arrangement, hence it is worth 
while to examine the subject ; but a slight investigation of this part of a fish’s body will be 
sufRcient, we trust, to set the matter at rest. 

To the bladders of a large number of different sorts of fish examined by us, the figure 
in question has little or no resemblance. Its use to this class of animals is yet, among 
naturalists, unsettled. It is the vesica natatoria of Willoughby, and the vesica aerea of 
Artedi. In this country it is called the sound, or swim. Situate in the anterior part of 
the abdominal cavity, it adheres to the spine. In some fishes it is altogether wanting, and 
its shape varies in different hshes. In the herrlngand some others it is oblong, and pointed 
at both ends, and would tolerably suit the theory of the writers who proportion churches 
by it ; but in the salmon it is obtuse at both ends. In the burbot it is obtuse at the 
lower end, and bifid at its superior extremity. In the carp it is divided transversely. Utrum 
horumf or have the symbolists procured a conventional fish for their purpose. If the 
general shape of a fish, a carp or bream for instance, were selected for their theorj', we should 
be much nearer the form sought, and better able to connect it wdth the subject, for there is 
no doubt that the 6gure was held in great veneration by religionists, and, for aught we 
know, with justice. 

The Greek word Ix^vs, signifying a fish, seems to have been in early ages a mystical 
word, under which Christ was denominated, “ Ed quod in hujus mortalitatis abysso, velut in 
aquarum profunditate, sine peccato esse potuerit, quemadmodum nihil salsedinis a marinis 
aquis pisci affricatur; ” that is. Because in the uiifaihomed deep of this mortal life he could 
exist without sin, even as a fish in the depths of the sea is not affected by its saltness. The 
term, too, at a very early period furnished an anagram, whose parts were expanded into the 
expression *It}<tov 5 Xptarhs 06ov vibs The initials of these words were, in their turn, 

expanded into a long acrostic (to which reference may be had, sub voce Acrostichia^ and also 
under the term Ichthys, in Hoffmann’s incomparable Lexicon) on the Day of Judgment, said 
to have been delivered, divino afflafu, by the Erythrean sybil, but much more resembling the 
hard-spun verses of a learned and laborious man than the extemporaneous effusions of a 
mad woman. This acrostic is recognised by Eusebius, and by St. Augustine (C*u. Dei.). 
&c. Notwithstanding the sanctity with which the monogram is invested, as well as all 
that has been written on the subject, there is nothing connected with it to afford proof of 
its connection with the form and plan of the churches erected under the lodges of Free- 
masons at any period of the art. Indeed there are so many more scientific and reasonable 
grounds for the system on which they wrought than that just alluded to, that it is only 
necessary to dismiss it from further consideration by stating, tliat, if tested by the finest and 
most perfect of the cathedrals on the Continent, the impossibility of making It fit will soon 
be apparent. Apology perhaps, therefore, would be due for so long a digression upon it, 
had it not been for an adverse opinion recently published by a gentleman (C. R. Cockerell), 
who'C talents and learning deservedly rank high in the eyes of the public, and for whom 
every one must entertain the highest respect and esteem. — (Sze Pamphlet on the Archi- 
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tectural works of William of Wykeharn, read, 1845, before the Archeological Institute of 
Great Britain and Ireland, at their annual meeting.) 

As the perpendicularity of style changed, at the beginning of the thirteenth century, 
from that which might be termed horizontal, so did the comparatively rude and clumsy 
form of its ornament assume a lightness founded on a close observation of nature. Its 
sculpture is endowed with life, and its aspiring forms are closely connected with the general 
outlines bounding the masses. The models used for decoration are selected from the forest 
and the meadow. These, however, though closely and beautifully imitated (says Ramee), 
are submitted to reduction within such boundaries as brought them to a regular and geo* 
metrical form. Thus is found every conceivable description of ornament brought within 
the limits of circles, squares, and triangles, as well as within the more varied forms of the 
many-sided polygons ; the latter, as in the marigold and rose windows, being again subject 
to the circumscribing circle ; these polygonal sutnlivisions having always reference to the 
regulating subdivisions of the apsis hereinbefore mentioned. 

The circle obviously presents a boundary for a very extended range of objects in nature. 
In the vegetable world, a flower is scarcely to be found which, within it, cannot be sym- 
metrically arranged. Its relations afford measures for its subdivisions into two, three, 
four, and six parts, and their multiples, by the diameter and radius alone ; the last being an 
unit, upon which the equilateral triangle and hexagon are based : moreover, as the interior 
angles of every right-lined figure {Euc. prop. 32. b. 1.), together with four right angles, 
are equal to twice as many right angles as the figure has sides, it will be immediately seen 
that the interior angles in the equilateral triangle, the pentagon, the hexagon, the nonagon, 
and the dodecagon, are divisible by the sides so as to clear the result of fractions. Thus, 
in the equilateral triangle, the number of degrees subtended by the sides is 60*^. In the 
pentagon the number is 108° ; in the hexagon, 120®; in the nonagon, 140°; and in the 
dodecagon, 150°. Independent, therefore, of the service of the circle in construction, we are 
not to be surprised at its being so favourite a figure in architecture, from the period at 
which the art was to become truly serviceable to mankind. 

In respect of the pentagon {Jig. 12.), if lines be drawn from each angle so as to connect 
every two of its sides, the pentalpha results ; a figure in much esteem in the thirteenth and 
fourteenth centuries, and used among the Pythagoreans, as a symbol of health, centuries 
and centuries before. 

The heptagon and undecagon, whose interior angles are not divisible without a fraction 
or remainder, were rarely used by the Freemasons, an instance of either does not occur to us. 

An inspection of Jigs, 10. to 16. will show the mode of generating from the several 
polygons the lobes of circular windows, as also the way of obtaining the centres for the 
lob^ in a simple and symmetrical manner. In^y. 10. the basis of formation is the equila* 


Fig. 10. Fig. 11. 
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teral triangle, and three lobes are the result. Those of four lobes, or quatrefoUs (^< 7 . 11.), 
originate from the square ; and the Crucifers, or cruciform plants, Tetradynamia of Lin- 
nsus’s system, seem to be their types in nature. 

For those of five lobes, resulting from the pentagon (Jig. 12.), types are found in the Pen- 
tandria, Decandria, and Icosandria classes of Einnsus. They comprise the rose, the apple, 
cherry, and medlar blossoms ; those of the strawberry, the myrtle, and many others. 

For circular windows consisting of six lobes, and based on the hexagonal formation 
(Jig. 13 ), the Hexandria class seems to furnish the type, under which are found almost 
^1 the bulbous-rooted flowers, pinks, &c. These observations might be extended to a 
great length ; but the writer does not feel inclined to pursue the system to the extent to 
which it has been carried by a German author (Metzger), who bases the principles of all 
pointed architecture on the formations of the mineral and vegetable kingdoms. In Jig. 1 4. 




Pig. 15. 


the octagon is the base *, in Jig. 15. the nonagon ; and mjig. 16. the dodecagon. Beyond 
the last, the subdivision is rarely carried. It was not 
that all these types were selected from a mere desire of 
assimilating to nature the decorations of the thirteenth 
century, but it sprung from that deep impression of the 
utility of geometrical arrangement, which sought in the 
vege^ble kingdom, and elsewhere, such forms as fell in 
with the outlines adopted. 

Among the flowers used for the angular decorations 
of pinnacles and spires, on crockets, and in similar situ- 
ations, an ornament very much resembling the Cypri^ 
pedium calceoluSj or lady's slipper, and the iris, are of 
constant occurrence. The length, however, to which we 
might pursue the subject, warns us to refrain from further 
remarks on these matters, and to proceed to a short con- 
sideration of one much more important, and much less 
attended to in the present day, if indeed at all thought of. 

On the horizontal section or plan of a building, the solid parts cut through at their bases 
are, it is well known, called its points of support, because on them rests the whole mass of 
materials of the edifice (see sect. 2848.). It is manifest, that as these points are diminished 
in area, in respect of the mass, so is a greater degree of skill exhibited in the work. From 
the table in the following page it will be seen that, in seventeen celebrated edifices, the ratio 
of their points of support to their whole areas varies from ’116 to *238, nearly double. It 
is curious to observe the high rank borne in this table by Henry VII.’s chapel : generally, 
skill seems to have increased with greater experience. 

Tied by Le Brun (Theorie de V Architecturej &c. fol. Paris, 1807.), we were many years 
ago, as previously stated in this work, induced to inquire into the doctrine of voids and 
solids in the Greek and Roman temples, and though we soon discovered that that author 
had committed manifest errors in his mode of applying his theory, there could be no doubt 
that if its principles were properly carried out, they would coincide with the best examples 
both ancient and modem. In a small work by the writer (London, 8vo. 1837), entitled 
Elements of Architectural Criticism, the subject was first brought before the English 
public ; it was again considered in a paper read before the Institute of British Architects at 
an early period of its establishment ; and subsequently, in the Encyclopedia of Archi- 
lecture (1842), the investigation was extended to some length, but no application nor 
examination of it was entered into as connected with the Byzantine and pointed styles. 
The study we have subsequently bestowed upon it has not, we regret, from various pressing 
occupations, received from us all the attention necessary to reduce the examples within such 
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bounds as to make the matter subject to certain laws, though we think an approximation 
has been effected towards it. 


TABLE OF POINTS OF SUPPORT. 


Building. 

Century. 

Part of Century. 

Points of Support. 

Henry VII.’s Chapel 


_ 

16 

First 

0-116 

Freiburg Dom 

. 

- 

13 

Second 

0*133 

Notre Dame, Paris 

. 

. 

13 

Second 

0 1 40 

1 King’s College Chapel, Cambridge 

15 

Second 

0152 

Milan Duomo 

. 

- 

14 

Second 

0*169 

York Cathedral * 

- 

- 

13 

Second 

0*174 

Westminster Abbey 

. 


13 

Second 

0*178 

Temple Church - 

- 

- 

13 

Second 

0 185 , 

Ely Cathedral 

. 

- 

12 

Second 

0*188 j 

Gloucester Cathedral 

- 

- 

14 

Second 

0*188 

Salisbury Cathedral 

- 

- 

13 

First 

0-190 

Florence Duomo 

- 

- 

15 

First 

0*201 

Lincoln Cathedral 

. 

- 

12 

Second 

0*202 

Worcester Cathedral 

- 

. 

13 

First 

0*208 

Marpurg Dom - 

- 

- 

14 

Second 

0*218 

Canterbury Cathedral 

- 

- 

12 

Second 

0*225 

Norwich Cathedral 

- 

* 

12 

First 

0*238 


It is greatly to be lamented that, among the many and able writers on Gothic archi- 
tecture, details more than principles seem to have occupied their minds. The origin of the 
pointed arch seems to have entirely absorbed the attention of a large proportion of them, 
whilst others have been mainly content with discussions on the peculiarities of style at the 
different periods, and watching with anxiety the periods of transition from one to another. 
Foliage, mouldings, and the like, have 
had charms for others; all, however, 
have neglected to bestow a thought 
upon the grand system of equilibrium 
by which such stupendous edifices were 
poised, and out of which system a key 
is to be extracted to the detail that 
enters into them. It is, however, to 
be hoped that abler hands than ours 
will henceforth be stimulated to the 
work, such being abundant in the pro* 
fession whereof we place ourselves as 
the humblest of its members. 

As on the horizontal projection or 
plan of a building, the ratio of the 
points of support have been above con- 
sidered, so in the vertical projection or 
section of a building may the ratio of 
the solids to the voids be compared, as 
well as the ratio of the solids to the 
whole area. In fig. 17. the shaded 
parts represent the solids, which there- 
fore ^ve boundaries of the voids. 

Worcester Cathedral is the example 
shown. In this mode of viewing a 
structure, as also in that of the points 
of support, there is a minimum to 
which art is confined, and in both cases 
for obvious reasons there are some de- 
pendent on the nature of the mate* 
rials, and others on the laws of statics. 

Though there may be found some 
exceptions to the enunciation as a 
general rule, it may be safely as* 
sumed, that in those buildings, as in 
the case of the points of support, wherein the ratios of the solids to the voids in section 
are the least, the art not only as respects construction, but also in point of magnificence in 
effect, is most advantageously displayed. In every edifice like a cathedral, the greater the 
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space over which the eye can range, whether horizontally or vertically, the more imposing 
is its effect on the spectator, provided the solids be not so lessened as to induce a sensation 
of danger. 

In the subjoined table, which, with the exception of Notre Dame de Paris, contains the 
same buildings as those already cited, it will be seen that the ratios of the solids to the 
voids varies from *472 to 1*118, a little less than half to a little more than a whole. But 
if in their sections we compare the ratios of the solids to the whole area, there results a set 
of numbers varying from *321 to *528, and that nearly following the order of the ratios of 
the points of support. 

TABLE OF VERTICAL SOLIDS AND VOIDS. 


Building. 

Century. 

Part of 
Century. 

Ratio of 

Solids to Area. 

Ratio of 

Solids to Voids. 

Salisbury Cathedral 


13 

First 

0*321 

0*472 

Marpurg Dom 

- 

14 

Second 

0-335 

0*503 

Norwich Cathedral 

- 

12 

First 

0-376 

0*603 

Worcester Cathedral 

- 

13 

First 

0*388 

0-633 

Milan Duomo 

- 

14 

Second 

0-393 

0*648 

Temple Church - 

- 

13 

Second 

0*395 

0 648 

Gloucester Cathedral 


14 

Second 

0-403 

0-674 

King’s College Chapel 

. 

15 

Second 

0-419 

0-722 

York Cathedral 

- 

13 

Second 

0*421 

0-729 

Westminster Abbey 

- 

13 

Second 

0-440 

0-980 

Henry VII.’s Chapel 


16 

First 

0*457 

0-648 

Freiburg Dom 


13 

Second 

0-478 

0-916 

Canterbury Cathedral 


12 

Second 

0-496 

0-904 

Ely Cathedral 

- 

12 

Second 

0-498 

1-000 

Lincoln Cathedral 


12 

Second 

0-499 

1-000 

Florence Duomo - 


15 

First 

0-528 

1-118 


Though the coincidence between the ratios of increase, in the points of support, does not 
run quite concurrently with the ratios of the solids and the areas in comparing the catbe* 
drals of the different centuries, yet sufficient appears to show an intimate connection be- 
tween them. Where the discrepancy occurs, the points of support seem inversely set out. 
Such, for instance, will be seen in Ely Cathedral, wherein, though the ratio of the solids to 
the voids in section is as high as 1 (or ratio of equality), that of the points of support is as 
low as 0*182, so that the space, or airiness, which is lost in the former, is compensated by 
the latter. Generally speaking, however, the points of support diminish as the orna- 
ment of the style increases. Thus, in Norwich Cathedral (the nave), of the early part of 
the twelfth century, the ratio of the points of support is 0*238, that of the solids to the 
voids being 0 60S ; whUe at Salisbury (latter part of the thirteenth century) the ratio of 
the points of support is only 0*190, and that of the solids to the voids, 0'472. 

From the foregoing examination, there can scarcely exist a doubt that the first and lead- 
ing lines of these fabrics were based upon a geometrical calculation of extremely simple 
nature, but most rigidly adhered to. Thus taking a single bay in the nave, say, from 
centre to centre, and ascertainiug the area, that has only to be multiplied by the ratio, to 
give the superficies necessary for the points of support, which, as the tables indicate, were 
diminished as experience taught they might be. These matters then being adjusted, and 
falling as they might, the system of ornamentation was applied altogether subsidiary to the 
great and paramount consideration of stability. 

A very ingenious writer and skilful architect (Mr. Geo. Ware), some years ago, took 
great trouble to deduce the stability of the buildings in question, from the general mass of 
the walls and vaulting containing withiu them some bidden catenarian curve. If such 
were the case, which can hardly be admitted, in as much as a chain for such purpose might 
be made to hang in all of them, it is quite certain this property was unknown to ftiose who 
erected them. Dr. Hook was the first who gave the hint that the figure of a flexible cord, 
or chain, suspended from two points, was a proper form for an arch. 


Sect. II. 

DIFFERENT PERIODS OF THE ART, AND FLAMBOTANT STYLE. 

The division we have used in a former part of the work (pages 1 69. to 1 95. ) of the 
different styles of Gothic, may be usefully compared with those in France at the same re- 
spective periods ; and using the small work of M. Caumont for that purpose, the following 
table results, in which the styles are set down as designated by that writer. 
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The Romanesque 996 to 1150 
Primary Gothic 1150 to 1250 
Secondary ( Ray onnant) 1250 to 1400 

Tertiary ( Flamboyant) 1 400 to 1 500 


A. D. 

1000 

1100 

1200 

1300 

1400 

1500 


J Anglo- £ 


-Saxon 970 to J 066 
^ Norman 1 066 to 1 1 90 


■ Early English (Lancet) 1190 to 1300 

■ Ornamented English 1300 to 1460 
J- Florid EnglibhorTudorl460to 1537 




The Comite des Arts adopted a classification some- 
what different to the above, viz. 

Latin Style. From the fifth to the eleventh century. 

Roman Style. Eleventh and twelfth centuries. 

r Primary, or lancet, thirteenth century. 

Secondary, or radiatmg, fourteenth cen- 
Gothic Style. - tury. 

Tertiary, or flamboyant, fifteenth and 
early part of sixteenth century. 

For the chateau, M. de Caumont has proposed the 
classification subjoined. 

1st class. Fifth to tenth century : Primitive Roman. 

2nd „ Tenth and eleventh centuries ; First secondary. 

3rd „ End of eleventh and twelfth century : First 
tertiary. 

4th „ Thirteenth century : Primitive pointed. 

5th „ Fourteenth and first half of fifteenth century : 

Secondary and tertiary pointed. 

6th „ Second half of fifteenth and sixteenth century : 

Quaternary pointed. 

These variations of nomenclature are an evil much 
to be regretted, and arc not likely to be cured until some 
able man appear to re-christen the whole detail satisfac- 
torily — He has not yet appeared. 

Of the Tertiary French style, or the Flamboyant, 
some points demand attention. Full as it is of rich de- 
tail, and in that respect concurrent with the florid En- 
glish, or Tudor style, yet there is vast difference between 
the two. The best example of it in this country — and 
there are but few — is in Dorchester church, Oxon. In 
France examples of it abound. It received its name 
from M. Auguste Le Prevost, and the appellation has 
been adopted by the English antiquaries. One of its 
chief features is the divergence of the mullions into 
flowing wavy lines resembling flame. Perhaps the 
finest specimen of this style is in the Cathedral at 
Evreux, whose north tramept and spire are extraordi- 
nary worts. In the Jig. 1 8. we place before the reader 
one of the compartments of the sacristy of the church at “ 

Caudebec, which conveys a fair notion of the peculiarity 
of the style. It must be admitted that it is charac- 
terised by an excess and overcharge of ornament almost 
amounting to the capricious, l^e foliage of the forest 
and the vineyard is changed for colewort and the thistle. 

The sculpture becomes inflated, and, compared with the 
previous age, almost borders on vulgarity. The profiles 
are complex, and refined disorder seems to overpower the detail. As to repose, it is no 
where to be found, and the imagination of the artists who practised it seems to have 
exhausted iteelf in the tortuous, twisted, and laboured parts where of it is composeil. 
Further it seems impossible to have advanced. It was to the Gothic, what the Borromin- 
esqne was to Italian architecture ; and the introduction of the style known by the name of 
the Renmssance closed its career. Notwithstmiding its faults, one cannot refrain from admi- 
ration of it. Besides the cathedral at Evreux, we may mention the examples of Notre- 
Dame de St. Lo, St Vincent at Rouen, some parts of St. Jacques at Dieppe, St Jean at 
Caen, St. Pierre at Senlis, St. Catherine at Honfleurs, the north porch at Beauvais, St. 






Fig. 18. 



Appendix. 


THE FLAMBOYANT STYLE. 


831 


Severin, St. Mery, St. Germain FAuxerrois, and St. Gervais at Paris, the choir and 
transepts of St. Remi at Rheims, the upper part of the north tower and spire of the 
cathedral at Chartres, &c. Of it, however, much more will hereafter be said. 

Among the characteristics of the Flamboyant style, is that which Mr. Willis of Cam- 
bridge calls, in a most ingenious and valuable paper, read before the Institute of British Ar- 
chitects, penetration or interpenetration oi the diff^ent mouldings and parts. The French anti- 
quaries have called the system in question moulures prismatiques. Neither of these terms 
seem satis^ctory, but of the two we are inclined to prefer the first as most significant. 
We will here illustrate the subject by some examples. Mr. Willis, in the paper above 
mentioned, observes that the practice is very rarely to be seen in English buildings ; he, 
however, produces an instance of it in the turrets of King’s College chapel, at Cambridge 
(see Jig, 19.), where the cornice A of the pedestal seems to pierce the plinths of the angle 




Fig. 21. 


buttresses, and appears at B. This appears, however, 
to be by no means a capricious, but rather an indis- 
pensable arrangement, by, which the solidity of the 
octangular base was obtained without the necessity 
of the multitude of re-entering angular mouldings, 
which would have otherwise been carried round the 
buttresses. 

The instances, however, of interpenetration are 
abundant in France. Amongst those selected by 
Air. W. is one from a screen in the cathedral at 
Chartres; it is given here geometrically, instead of in 
perspective, as by that gentleman (see jig. 20.). The 
last example we shall produce is from the stone ct<ks 
at Rouen (see^^. 21.), in which the interpenetration 
principle is displayed in many of the vertical as well as horizontal members of the structure. 
(Seethe parts marked A A where the fillet of the mullion pierces the chamfered and 
moulded parts of the sill. ) “ In many Flamboyant examples,” says 

Mr. Willis, ** small knobs and projections may observed, and on a 
superficial view might pass for mere unmeaning ornaments, but will be 
found explicable upon this system of interpenetration.” Fig, 22. “ is a 
window (from a house near Roanne), at the base of whose mullions 
knobs may be observed, which really represent the Gothic base of a 
square mullion on the same plinth with the hollow chamfered mullion 
and interpenetrating with it.” 

Air. Willis observes, “ it may perhaps be found that this character 
belongs to one period, or one district, of the Flamboyant style;” but 
from our own observation, we are inclined to believe it to have been 22 . 
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universal from the middle of the fifteenth century, to the period when the style of the 
Renaissance superseded it. The principles on which it is conducted certainly prevailed in 
Germany and in the Low Countries, as Mr. W. afterwards states. A notion to what extent 



PI* *3. 

it proceeded may be perceived by fig. 23., above, which is from Moller’s Denkmathltr 
der Deutschen Baukun$t, and exhibits on the plan a series of interferences contrived with 
great ingenuity and a consummate acquaintance with practical geometry. The subject 
is the plan of a tabernacle, or canopy, such as is not unfrequent in churches on the Con- 
tinent. It shows, says Moller, how the simple and severe architecture of the thirteenth and 
fourteenth centuries had been debased. 


Sect. III. 

PENDENTS. 

A striking feature of the Flamboyant style is the frequent use of pendents in the vaulted 
roofe of the period. These, however, are not confined to France or the Continent generally : 
the Tudor period in this country exhibits many splendid instances of their employment, 
none, perhaps, more gorgeous, of more interesting as regards its construction, than the 
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Chapel of Henry the Seventh, It is not our intention here to enter into the details of the 
various examples that exist. Some of them have been beautifully and.scientihcally inves- 
tigated by Mr. Willis, the gentleman above quoted, in his paper to the Institute of Archi- 
tects, on the construction of the vaults of the Middle Ages. That paper we earnestly 
recommend for perusal to every one who wishes to be intimately acquainted with the subject, 
and we therefore now proceed merely to indicate the principles upon which the fairy-like 
system of not only suspending vast bosses from the ceiling was conducted, but that by which 
these bosses or pendents became in their turn the springers for supporting other vaults, 
as in the beautiful little Lady Chapel at Caudebec in Normandy, and many other examples. 
The chapel in question is hexagonal on the plan, about 23 feet in span, or from side to 
side; 24. shows the mode by which, from the key-stone of an arch approaching 



a semicircular form, and suspended or elongated beyond its ordinary depth, support is given 
for the sp) iuglng of the vaults of the different bays. On this practice Philibert Delorme 
observes, “ Les ouvriers ne font seulement one clef au droict de la croisec d’ogives, mais 
aussi plusicurs quand ils veulent rendre plus riches Icurs voutes, comme aux clefs ou s’assem- 
blent les tiercerons et liernes, et lieux ou ils ont mis quclquefois des rempants, qui vont 
d'une hranchc a Tautre, et tombent sur les clefs suspendues, les unes etant circulaire, les 
autres en fa9on de soufflet avec des guymberges, mouchettes, claire-voyes, feuillages, crestes 
de chnux et plusieurs bestions et animaux : qui etoient trouv^ fort beaux du temps qu’on 
faisoit telles sortes des voutes, pour lors appellees des ouvriers (ainsi que nous avons diet) 
voutes a la mode fran^oise.” 

We have Just above shown the mode of suspending the pendent in a polygonal building. 
The Jig 25., on the following page, by a little consideration, will explain the mode of suspend- 
ing pendents not centrically situate, as in the case of the ceiling of Henry the Seventh’s Chapel, 
whose date runs coincident with the Flamboyant period. The figure is a transverse section 
and plans of the vaulting of the building, in which one of the main arches, on which the whole 
construction depends, springs just below A, and reaches its summit at B. The voussoirs or 
arch stones whereof it consists are marked in their order. The dotted interval from a to 6 
is not to be considered as an interruption of the formation of the arch by the pendant, but 
may be supposed an imaginary line passing through it, or rather through the arch stone or 
voussoir C, whose general form is marked by the bounding letters c d efb a; so that, in 
fact, the pendent is nothing more, as in the case of the Caudebec Lady Chapel, than a vous- 
soir, a large part whereof hangs down below the face of the vaulting. The voussoirs are 
out of blocks about 3 feet 6 inches deep ; but a considerable portion of the solid below the 
sofite of the arch is cut away to form the lobes of the cinquefoils. The arch D serves, by its 
connection with the walls, to stiffen and give weight to the arch where it would be most 
required, that is, towards the springing. The pendent or voussoir E, on the same block 
with C, being thus established in its place, serves at, or towards its foot, as a springer for 
the ribs of a fenwork tracery shown on the plan, whose ribs are, in fact, ribs of a dome, and 
in construction do not differ from it. Their section is shadowed somewhat lighter than the 
pendent vou'^soir. The fanwork round each affords the means of introducing another 
pendent at its meeting at F in the plan The Jan vault is very properly distinguished by 
Mr. Willis from what he calls the stellar vault, which is formed of ribs that may be, and 
indeed frequently are, of different curvature, and the rays of the star of different lengths; 
whereas the fan vault consists of ril» of the same curvature and height, and the summit of 
the fan is bounded (see the Jig.) by a horizontal circular rib, instead of the ends of 
lozenges forming the points of the star. ** The eflTect of the fan is that of a solid of revolu- 
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Fig. 95. 


tioD, upon whose surface panels are sunk : the c0ect of the star is that of a group of 
branching ribs.** It is manifest that the constructive details of these two sorts of vaulting 
are vastly different. In the one, the dependence is upon ribs which support, by rebates on 
them, the dlling^in panels ; while, in the other, the principle is similar to that of dome- 
vaulting. Thb will be immediately perceived by reference to the plan G, in which the 
courses are marked, as also in the part of the section marked H. The plan I. shows the 
tracery of the sofiite of the vault. The author above quoted observes, ” The construction 
of these fan vaults is in all examples so nearly the same, that they seem to have proceeded, 
from the same workshop ; and it is remarkable that, at least as as J know, there are no 
Continental examples of them ; whereas, of the previous vaults, there are quite as many 
on the Continent as in England. In France, indeed, the lierne” (ribbed) “vaults are not 
very numerous; they are confined to small chapels, and their patterns are in general simple. 
But in Germany and in the Netherlands there is an abundance of them, distinguished, cer- 
tainly, from ours by local peculiarities, but nevertheless of similar mechanical construction, 
and requiring the same geometrical methods.” 

The introduction of fen vaulting seems to have occurred in the beginning of the fifteenth 
century. The first instance wherein the span was considerable is the Dean*s Chapel 
attached to the north-west transept of Canterbury cathedral. In St George’s Chapel at 
Windsor, the aisles and central compartment only have fan vaults, the principal vault 
not being fanwork. The chief works of this kind, of known date (about 1500^ are 
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Henry the Seventh*s Chapel at Westminster, King’s College Chapel at Cambridge, the 
central tower of Canterbury, and Bath Abbey Church. 

We must to the abore add mention of the church of St. Ktienne du Mont at Paris, 
in which we find a remarkable example of the style of the Renaissance contending with 
the expiring Flamboyant style. In short, the whole of the interior is amass of interesting 
incongruities. The church is cruciform, and at the intersection of the cross is a pendent 
keystone, most elaborately wrought, and more than IS feet deep. It is obvious, in 
respect of these pendents, that there is no mechanical difference between their pendency 
and their being insistent, as lanterns are, on domes. 


Sect. IV. 

VAULTING. 



The method of covering a space by vaulting with cylindrical arches, in its various modes, 
has been already described in the body of this work. (See 1443. et scg.) We here, there- 
fore, have thought it proper to enter into a view of the general forms of groining in 
pointed architecture, observing, by the way, that the groins at the arrises, up to the twelfth 
century, were seldom moulded with more than a simple torus or some fillets. In the twelfth 
century, however, the torus is doubled, and the 
doubling parted by a fillet. Towards the end of 
the twelfth century, three tori often occur; and 
at the beginning of the thirteenth, the moulded 
arrises become similar to the moulded archivolts 
of the arches both in their form and arrangement. 

In France, until the middle of the fifteenth cen- 
tury, the arrises of the groins only were moulded ; 
but in this country the practice took place much 
earlier, for, instead of simple groining, the intro- 
duction of a number of subdivisions in the soffites 
of arches had become common. In 26. is 
given a plan of the sofite of a vault of this kind, 
in which A is an arc doubleau (by which is un- 
derstood an arc supposited below another at cer- 
tain intervals, and concentric with the latter) ; JB 
is an upper arch, called by the French antiqua- 
ries formeret ; C, the wall arch, or formeret du 
mur ; D is a diagonal rib, or croish d ogive; E, 
intermediate rib or tierceron ; FF, summit ribs 
or Hemes ; G, the key or boss, eJe/ de voute. Mr. 

Willis has used the French terms here given, 
and as we have no simple terms to express them 
in English, it may be convenient to adopt the 
practice. 

In Gothic edifices the ribs formed by the inter- 
sections of the groins perform the office of sup- 
porting the vaulting which lies upon them, they 
in their turn being borne by the pillars. Thus, in 
the simple groin 27.), the arches or ribs A A, 
and diagonal rib C, carry the vaulting BB, a 
rebate being formed at the lower part of the ribs 
on which the vaulting lies. This figure exhibits 
the simplest form of groining in any species of 
vaulting, the intersecting arches being of equal 
height, llie contrivance in its earliest state 
was ingenious, and the study attractive, and we 
cannot be surprised at Dr. Robison observing, 
in respect of the artists of the thirteenth and 
two following centuries, that “ an art so multi- 
farious, and so much out of the road of ordi- 
nary thought, could not but become an object 
of fond study to the architects most eminent for ingenuity and invention : becoming thus 
the dupes of their own ingenuity, they were fond of displaying it where not necessary ” 
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This observation would be folly verified had we room for showing the reader the infinite 
number of dences that ingenuity has created : he will, however, from the few elementary 
ones that^we do give, be enabled to see the germs of countless others. 

Ware, in his Tracts on Vaults and Bridges (London, 1822), — a work which, notwith- 
standing the quaint method in which the subject is treated, contains extremely valuable 
matter, — has made some remarks which we must introduce at length, or justice would not 
be done to them. “ In the vaulting,” he says, “of the aisles of Durham and Canterbury 
cathedrals are to be observed the arcs doubleaux and groined ribs in round-headed vaults. 
In the naves of the same buildings is the same character of vaulting, except that the arch 
of the vaidt is pointed. Some vaults of this kind are to be distinguished from others by the 
j^iting of the stones of the vault between the ribs, which, instead of being parallel to each 
side of the plan, as in Roman groined vaults, take a mean direction between the groined 
rib and the ribs of the arches over the sides ; whence they meet at the vertex at an acute 
angle, and are received by stones running along the vertex, cut in the form of a ratchet. 
The advantage of this method consists in requiring less centering, and originates in the 
position of the ribs at the springing.” “ From these beginnings vaulting began to assume 
those practical advantages which the joint adaptation of the pointed arch and rihs was cal- 
culated to produce.” “ The second step differed from the first, inasmuch as at the vertex 
of the vault a continued keystone or ridge projects below the surface of the vault, and forms 
a feature similar to the ribs. But here it was necessary that the ridge should be a stone of 
great length, or having artificially that property, because its suspension by a thinner vault 
than itself would be unsafe, unless assisted by the rib arches over the diagonals and side, a 
distance equal to half the width of the vault. To obviate this objection, other ribs were 
mtroduced at intervals, which may be conceived to be groined ribs over various oblongs, 
one side continually decreasing. This practice had a further advantage, as the panels or 
vaults between the ribs might become proportionally thinner as the principal supports in- 
creased. It is now that the apparent magic hardiness of pointed vaulting and the high 
embowered roof began to display itself ; from slender columns to stretch shades as broad as 
those of the oak’s thick branches, and, in the levity of the panel to the rib, to imitate that 
of the leaf to the branch.” “ On comparing rib-pointed vaulting with Roman vaulting, it 
will be invariably found, that the rib itself is thinner than the uniform thickness of the 
Roman vault under similar circumstances ; and that the panel, which b the principal part 
of the vault in superficial quantity, sometimes does not exceed one ninth part of the rib in 
thickness. The Gothic architects, it has been expressively said, have given to stone an 
apparent flexibility equal to the most ductile metals, and have made it forget its nature, 
weaning it from its fondness to descend to the centre.” 

In the second example {Jig. 28.), another rib, a 6, is introduced, which on the plan pro- 




duces the form of a star of four points. The forms of these thus inserted ribs result from 
curves of the lines on the plan in the space to be vaulted. As many radii are drawn from 
the angles of the plan as there are ribs intended,' unt'd they mutually intersect each other. 
The curvatures of the ribs will be elongated as they recede from the primitive arch, till 
they reach the centre on the place where the groins cross, and where of course the elon- 
gated curve is a maximum. The ribs thus form, when they are of the same curvature, 
portions of an inverted conoid. 

In the next example {Jig. 29.) the primitive arches are unequal in height, the arch A 
being higher than the arch B. The plan remains the same as in that immediately preceding; 
but from the inequality of height, a d, c b, must be joined by curved lines, determined on 
one side by the point a, where e a intersects the longer arch. A curved summit rib, as 
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well longitudinally as transversely, may occur with equal or unequal heights of primitive 
arches, as in jig, 30. ; but the stellar form ou the plan still remains, though differently 



Fig. 30. Fig. 31. 


modi&ed, with the same, or a less or greater, number of ribs on the plan 31.). By 
truncating, as it were, the summit ribs level or otherwise with the tops of the primitive 
arches, and introducing on the plan a polygon or a circle touching quadrants inscribed in 


the square, we obtain, by means of the rising conoidal 
quadrants, figures which perform the ofBce of a key** 
stone. In this, as we have above observed, the con> 
struction of the work is totally different from rib 
vaulting, inasmuch as each course, in rising, supports 
the next, after the manner of a dome, and is' not de- 
pendent on ribs for carrying the filling-in pieces. 
Hence the distinction between fanwork and radiating 
rib work so judiciously made by Mr. Willis. 

The sixth example (^^.32.) is with primitive arches 
of different heights. It is an Irregular star on its plan, 
that is to say, the points are of different angles. From 
the figure it will scarcely need explanation, after what 
has been already said in relation to the subject. 

A polygonal space may be vaulted in three dififerent 
ways. First, by a column in its centre, which serves 
for the reception of the ribs of the vault, the column or 
pillar performing in such case the office of a wall, as 



Fig. 38. 


in the chapter-houses of Worcester, Salisbury, Wells, and Lincoln. Tins mode evidently 
admits of the largest space being covered on account of the subdivision of the whole area 


by means of the central pillar. The second mode is by a pendent impost for the reception 


of the arches, as in the case of the Lady Chapel at Caudebec above given. This mode is 


necessarily restricted in practice to small spans, on account of the limits attached to the power 
of materials ; albeit in theory its range is as extensive as the last. The last method is by at 
twice vaulting the space from wall to wall, ds in jig. S3., which is like the vaulting to the 



Fig. 33. Fig. 3*. 


kitchen of the monastery of Durham Cathedra], or the jig. 34., similar to the chapter-house 
at York, of which, the upper part being of wood, Ware quaintly observes, ** The people of 
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Yorkshire fondly admire and justly boast of their cathedral and chapter-house. The principle 
of vaulting at the chapter-house may be admired and imagined in stone ; not so the vault of 
the nave ; it is manii^tly one of those sham productions which cheat where there is no merit 
in deceiving.** llie principle, as Ware justly observes, is perfectly masonic, and might be 
easily carried out with stone ribs and panel stones, it being nothing more than an exten- 
si<m of tiiat exhibited in the third example of simple groining (jfip. 27. ) above given ; and 
tiie same remark applies to the Durham kitchen. 

Some observations must be offered to explain the nature of the vaulting at King*s College 
Chapel at Cambridge, and the silly story related by Walpole of Sir Christopher Wren, saying, 
“ that if any man would show him where to 
place the first stone he would engage to build 
another ** (chapel like it). The vault of the 
chapel in question is divided into oblong seve- 
ries,whoseshorter sides are placed longitudi- 
nally {Jig* 35. ). It is, therefore, evident that 
the curves of the inverted quadrants must 
intersect each other previous to the whole 
quadrant of the circle being completed. 

Hence these intersections form a cumed 
summit line lowest against the windows or 
smaller sides of the oblong. This summit 
line of the iraulting of the building in the 
direction of its length forms a series of 
curves, though from the angle under which 
it is seen it is scarcely perceptible. Mr. Ware says, “ It is observable, in the con- 
struction of this vault, that the principle of using freestone for the ribs, and toph for 
the panels, has not been followed ; but the whole vault has been got out of the same 
description of stone, and with an uniform frice, and the panels worked afterwards, and re- 
duced to a tenuity hardly credible except from measurement. The artists of this building 
might be trusted in the decoration of a vault with what is now called tracery ; they knew 
how to render it the chief support, and what was the superfiuous stone to be taken away ; 
every part has a place, not only proper, but necessary ; and in the ribs which adorn the 
vault we may in vain look for false positions. This is the ocular music which affords 
universal pleasure.** 

We now return to the consideration of two more modes of simple vaulting. In England, 
summit ribs of the vault are almost always found running longitudinally and transversely in 
the various examples. In Germany the summit ribs are more frequently omitted than 
introduced. Thus in the example Jig. 32., the scheme is merely a square diagonally 
placed within the severy, subdivided into four parts and connected with the base<points of 
the groins by ribs not parallel to the alternate sides of the inserted square. This, however, 
sometimes occurs in English buildings, as in the monument of Archbishop Stratford, at 
Canterbury Cathedral ; though in that the central portion is not domical. It is to be 
remarked that the intersecting arches are not of equal height, otherwise the arrangement 
could not occur. 

In the example fig. 36., the arrangement completely 
assumes what Mr. Willis calls the stellar form. Here in 
the sofite a star of six points is the figure on which the pro- 
jection depends, the points radiating from the angles of 
an hexagon, and thus fiinning a cluster of lozqnges whose 
middle longitudinal sides produce another longitudinal 
lozenge to connect the centres of the pattern. The 
longitudinal arches are, as in the preceding figure, 
lower than the transverse arches. Mr. Willis says, 

“the principal distinction between these and our own 
fan-vaulting is the substitution of lozenge-headed com- 
partments in the &ns, for the English horizontal tran- 
som rib. We have also lozenge-headed conspartments in 
our early vaulting, but they are never so symmetrically . 
arranged in stars throughout.*’ 

From the simple lines or principles above given it is 
easy to perceive through what numberless ramifications of form they may be carried. 
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Sect* V. 

SHAFTS* 

It is not our intention to discuss, at any length, the forms of the piers or shafts whereon 
the vaults just mentioned were received. Their various configurations would exhaust 
much more space than we can bestow on them, or than is necessary to give for the advan- 
tage of the reader. From extremely simple cylindrical shafts at the beginning, they 
gradually advanced to shafts of a complicated, or apparently complicated, description. 

The shafts of the vaults of the earliest period for carrying the walls of the nave were 
square, as at the cathedral at Worms. The first step to their relief seems to have been the 
application of engaged columns to them, as in^^. 37. The cylindrical shaft is usual in 



Fig. 37. Fig. 38. 


England and elsewhere. In the twelfth century the shaft begins to take the form on its 
plan of a Greek cross (Jig, 38.), with engaged columns in its angles as well as on its prin* 
cipal faces. After this came the shaft clustered with columns in various ways, not indeed 
correspondent always with the vaulting ribs, but so arranged that the groups of the latter 
are generally received on colonette or small columns, which are also provided for the 
moulded sofites of the arches of the nave and choir. In the latter part of the fifteenth 
century the colonette gradually disappeared, and the shafts became surrounded by mould- 
ings, or rather wrought on the plan into series of mouldings. 

In the second period just named, engaged colonette for receiving the vault ribs rise from 
corbels, and sometimes the ribs themselves spring from them, as in Lincoln, Salisbury, and 
other cathedrals. For the details of these and other matters of the like nature, the reader 
may refer to the works published by Mr. Britton and others, in which every minor 
arrangement will be found for the use of the practical man, the student, and the amateur. 
For the use of the latter in making surveys of buildings, we think it useful to subjoin the 
following recommendation from the “ Remarks ” of Mr. Willis: — “ In making architec- 
tural notes, the plan of a pier should always be 
accompanied with indications of the distribution 
of its parts to the vaulting ribs and arches which 
it carries. The mere plan of the pier by itself* 
conveys but small information; for it often hap- 
pens that the identical pier may be distributed 
in many different ways, and that these differences 
constitute the only characters that distinguish 
the practice of one age or country from another. 

Fig. 39. shows one way in which the plan alone 
may be made to convey these particulars. The 
dotted lines, drawn from the respective members 
of the pier, mark the direction of the ribs and 
arches ; and upon each of these at a small dis- 
tance from the pier are placed vertical sections 
of these rilK, as at ABCD.” 

The bases of the shafts in the eleventh and 
twelfth centuries are often chamfered and fre- 
quently moulded in the Attic form, more 
or less modified and debased. In the latter 
period the Attic base is sometimes found almost pure. In all tbe ages the torus plays a 
considerable part in their composition, and their variety is infinite In the fifteenth century 

3 H 4 
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'the type is pretty uniform. The ogee is prevalent, the concave part whereot, muco 
flattened above, is very long compared with the convex part of it : this is generally sur« 
mounted with a torus, and then a bead, or sometimes with another small ogee. The group 
is then borne by a prismatic plinth ; but for all these, as in the case of shafts just mentioned, 
reference must be made to the works of Britton, Pugin, and others. 


WINDOWS. 


In the body of the work we have, under each period of Gothic Architecture, given a descrip- 
tion in general terms of the windows prevailing at the several times. It has^been thought 
it might be advantageous to bring a few examples before the eye. They are, however, in- 
serted merely for the purpose of showing the gradual change in their forms and com- 
binations, which are almost infloite in number, and yet the latter are far from exhausted. 

The most ancient windows are extremely small, always semicircular headed, and without 
moulded archivolts. They arc usually with a single light, except in bellry towers where 
we (dlen And them divided into two by a shaft with a capital, as in the tower at St Albans, 
which is here given (^g. 40.). The simple plain head, however, in the latter part of the first 



Fig. 40. ST. ALBAM*S. 



Fig. 41. BZAVDXaBBT. 



Fig. 42. raiNiTY caArar. 


period was more or less ornamented with the chevron or zigzag, and other ornaments of the 
time, as in One of the greatest and most striking changes brought in by the pointed 

style was that of introducing, from the suddenly elongated dimensions of its windows, a blaze 
of light into its edifices, which, from the low and narrow dimensions of their predecessors, were 
masses of gloom. From the beginning of the twelfth century we see them lengthened in a sur« 
prising manner, and terminating with a lancet-head and sometimes with a trefoil. An in- 
stance of the simple lancet-head is given mjig. 42., from the Trinity Chapel at Canterbury, 
Sometimes an elegant combination is obtained by grouping three of these lancet-headed win- 
dows together, the centre rising considerably in height above the side ones, as at Salisbury 
Cathedr^. (See^y.43.) In an example at Lincoln 44.), the height of the group is equal; 



but the light of the centre being wider than the two side lights, the curvature of the arches 
of the latter is necessarily much less than that to the former, and the effect is neither 
graceful nor satisfoctory. There were, however, many other arrangements in designing 
these lancet-headed windows than the single and triple ones just mentioned. Two four. 
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and five lights occasionally form the group. Of the last-named, «re windows at Irthling* 
borough, in Warwickshire, and at Oundle, in Northamptonshire, in which the lights on 
the sides gradually rise up to the centre one. In the latter part of the period, hea^ finish 
with trefoils ; the multions are moulded and 
finished, both inside and outside, with shafts or 
colonette, from the capitals whereof spring the 
mouldings of the subdivisions. 

By perforating the space between the heads 
of two adjoining lancet-headed windows, as 
in the painted chamber {Jig- 45.), the elements 
of the ornamented window are obtained. To 
cover it, however, ornamentally, the enclosing 
arch must be depressed and modified ; and at £ly 
(^^.46.), we find an example for illustrating 
the remark. The lozenge-shaped form between 
the heads of the arches is converted into a circle, 
which, as well as the heads of the lights, is foliated. 

Instead of a single circle inserted in the head of 
the window, we then have them with three foliated circles, as at Lincoln, one above and two 
below; ' ’ ‘ * ■»- v —3le in the east window of its upper part having 

onelarg •.* i. ones, besides its containing similar ones in the 

heads ol windows just described belong to a transi- 

tion style between the early English Gothic and the ornamented ; but the ornamented 
windows of the fourteenth century exhibit in their general form and details a vast variance 
from them in the easy unbroken flow of the tracery with which they abound. 

Of the next stage come the examples shown by Jig. 47., Merton College Chapel, and /y. 



Fig. 45. 

FAINTU) CHAMBSR. 





fig. 47. aiBBTOK COLLECB. 


Fig. 48. oxroBD. 


pig. 49. WX‘ OVEH. 


48., Cathedral, Oxford ; the latter whereof has a tendency toward the Flamboyant styles 
which has been before mentioned, and which, in the fourteenth century, had thoroughly 
established itself in France, as we may observe in the windows of the church of St. Ouen, 
at Rouen, exhibited in Jig. 49. It may be observed that the principal lights are seldom 
divided by transoms ; when they, however, occur they are mostly plain, and rarely em- 
battled. Though the ogee head is often found, the usual form is that 
of the simple-pointed arch. In the clerestory, square-headed windows 
are often seen, but more often in other parts of the edifice. In the 
preceding as well as in this period, the window bounded by three 
equilaterally segmental curves foliated more or less as the date in- 
creases. Tlie arrangement of the tracery of windows has, by the 
French antiquaries^ been divided into two classes — Rayoniuint 
and Flawhoyant. Tlieir Rayonnantj so called on account of the 
great part the circle plays in it, and on whose radii its leading 
forms are dependentfwas flourishing throughout the fourteenth cen- 
tury in France. The Flamboyant or tertiary pointed style followed it. 

We have, we think, had occasion before, in this work, to observe that 
the Continent preceded us in each style as much as half a century. 

After this comes the Florid style in which the edifices seem to con- 
sist almost entirely of windows, and those of the most highly orna- 
mented description. It is scarcely necessary to do more than exhibit 
the figures for a comprehension of the nature of the change which 
took place ; in short, the introduction -of the Tqdof arch alone was 
sufficient hint for a totally new system. In the example {Jig. 50.), 
of a window at Cawston Church, we may observe the commence- 

ment of the use of transoms, which at length were repeated twice and even more by the 
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heij^t of the window, and indeed became necessary for affording stays to the lengthy 
muUions that came into use. Fig. 51. is an example of the sqoare-headed window of the 



Fig. 51 KOBWICB. pig. 52. ATXBHAJf. 


period, and Jig. 52. of a Tudor-headed window at Aylsbam. Another example may be 
referred to in^g. 200. of this work. 


CIRCULAR WINDOWS. 


The large circular windows so irequently peen in the transepts of churches, and some- 
times at the west ends of them, and going by the general name of rose windows, seem to 
have originated from the oculi with which the tympana of the ancient basilica were pierced, 
and which are still observable in monuments of the eleventh century. For the study of 
this species of window the edifices of France furnish the most abundant means, many of 
them being of exquisite composition, and in our opinion far surpassing any elsewhere to be 
seen. 


It is scarcely previous to the twelfth century that they can be fairly called rose windows; 
- before that period they are more properly denominated wheel windows, the radiating 
mullions resembling the spokes of a wheel and being 
formed of small columns regularly furnished with bases 
and capitals, and connected at top by semicircular 
arches’ or by trefoils. By many the more decorated 
circular window has been called the marigcid window, 
but we scarcely know why that should have been done. 

The rose windows are used in gables* but their di- 
mensions are then generally smaller and they are often 
enclosed in s^mental curves whose versed sines form 
an equilateral triangle or a segmental square. 

An early specimen of the wheel window is in Bar- 
freston Qiurch, (see^^. 180.), wherein it is manifestly 
later than the other parts of the front. The example 
from Patrixborne {Jig. 53.) is a curious and early ex- 
ample of the wheel window ; herein, and indeed in all 
the minor examples, a single order of columns is disposed round the centre ; but in the 
south transept at York Cathedral {Jig. 54.) we have a noble instance of this species,— a 
double order of columns being employed connected by foliation above the capitals of the 




Fig. 54. TOBK. 


Fig. 55. sT. DAVID’S. 


columns. This is of the thirteenth century. As the early style came in, the columns 
would of course give place to the muUioD, as in the elegant example from St. David’s, 
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shown in Jig. 55. The two following examples 56. and 57.) from Westminster, and 
■ Winchester Palace, Southwark, are both of the fourteenth century. The first is not the 



56. WBhTJtI>'31TR. Plg> 57> WlirCHBSTKR TALACKp BOCTRWAKK. 


original window, but we have reason to believe it was accurately remade from the original 
one. The latter is a most elegant arrangement flowing from the continued sides of 


the central hexagon, and consequently form- 
ing a series of equilateral triangles decorated 
with foliation. It was placed in the gable of 
the great hall of the palace, which hall was 
spanned by a timber roof of very beautiful 
and ingenious construction, a few years 
since destroyed by fire, after which the wall 
containing the window was taken down. 

During the period of the three last exam- 
ples in this country, the French were making 
rapid strides towards that era in which their 
Flamboyant was to be stifled and extin- 
guished by the introduction of the Renms- 
sance, on which we shall hereafter have to 
make some remarks, and perhaps produce 
some examples. In the church of St. Ouen, 
the circular window appended in 58.(mid.ii 
die of the fourteenth century) exhibits the 
extraordinary difference between French and 



Fnglish examples of the same date. 


Bcauti- 


ar. ocxzr. 


fill as many of the English examples undoubtedly are, we know of none that is equal 


to this for the easy and elegant flow of the 
the tracery whereof it is composed. The 
leading points it will be seen are dependent 
on the hexagon, but, those determined, it 
appears to branch off from the centre with 
unchecked luxuriance, preserving, never- 
theless, a purity in its forms quite in cha- 
racter with the exquisite edifice it assists to 
light. The detail of this window may be 
advantageously studied in Pugin’s Anti- 
quities of Normandy. 

DOORWAYS. 

It is almost needless to observe that 
through the several changes of style the 
doorways foUow'ed their several forms ; our 
duty will, therefore, be to do little more 
than present the representations of four or 
Qve examples to the notice of the reader. 
The Prior’s entrance at Ely (^^."187. 
p. 173.) is a fine specimen of the Norman 
doorway highly decorated, llie earlier 



Fig. 59. WVKRN CRVBCa. 


Norman doorways were designed with but little carving. Tiiey are, as in fg. 59., generally 
placed within a semicircular arch, borne by columns recessed from the wall, and the whole 
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surmounted with a dripstone. In the cut above referred to (187.), it will be seen that the 
semicircular head of the door is filled in level with the springing, and sculptured with a 
figure of our Saviour in a sitting attitude ; bis right arm is raised, and in his left is a book. 
What is termed the vesica piscis, of which we have idready treated in this Appendix, sur* 
rounds the composition, which is supported by an angel on each side. These representa> 
tions are frequently met with in Norman doorways. Many examples are composed of a 
series of recesses, each spanned by semicircular arches springing ii^m square jambs, and 
occupied by insulated columns; though sometimes the columns are wanting and the recesses 
run down to the plinth. The arches are very often decorated with the chevron, zigzag, 
and other Norman ornaments. There are but few Norman porches ; of them Malmesbury 
Abbey Church is perhaps the finest example. 

Ihe early English doorways have the same ebarseter as the windows of the period ; 
the smaller ones are often recessed with columns, firom which a pointed arch is twined with 
a cut moulding on it, and a dripstone over it. The more important doors, however, are 
mostly in two divisions separated by a pier column, and with foliated beads. These are 
generally grouped under one arch, springing from clustered columns on each side, and the 
space over the openings is filled in, and decorated with a quatrefoil, as in the doorway to 
the chapter-house, Litchfield 60.). Sculpture often occurs in the arrangement. 



Fig. 60. UCH7IBLD. 



Fig. 61. 8T. iaCB0X.A9> LTHK. 


Porches appear in this period to have been extensively used, as at Salisbury, Wells, and 
even in small parish churches. The door Jig. 61. is a curious example of the latter part of 
the period: it is from the chapel of St. Nicholas, at Lynn. This belongs to the decorated 
English period. 

Fig. 62., from Tattershall Castle, belongs to the Florid English style, whose simplest 
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doorways were with the de- 
pressed or Tudor arch, and with- 
out the square head which ap- 
pears in the example. The 
more ornamental ones were 
crocheted, and terminated with 
finials, as appears in Jig. 64., 
from King’s College Chapel, 
Cambridge. Fiff. 6S., from St. 
George’s Chapel, at Windsor, 
though later in date, is more 
simple than the last, notwith- 
standing the exuberance of or- 
nament and tracery bad then 
nearly attained to its meridian. 
The porches of this period ex- 
ceed in profuseness of decoration 
those of the preceding style : 
they were almost universally 
adopted. The south porch of 
Gloucester and the south-west 
porch of Canterbury are beau- 
tiful examples. In the former, 
canopied niches occupy the front 
over the doorway, the front being 
crowned with an embattled para- 
pet of pierced panelling, and at the 
quoins are turrets embattled and 
finished with crocheted pinnacles. 
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SYMBOLS. 


The constant occurrence of symbols in the edifices of the middle ages induces us to 
think it may be useful to insert a list of them, as attached to the Apostles and Saints, 
most commonly found. 


BOLT APOSTLES. 

St, Peter. — Bears a key, or two keys with 
different wards. 

St. Andrew. — Leans on a cross, so called from 
him ; called by heralds the ** saltire.” 

St. John Evangelist. — With a chalice, in 
which is a winged serpent. When this 
symbol is used, the eagle, another symbol 
of him, is never given. 

St Bartholomew. — With a flaying knife. 

St. James the Less.- — A fuller’s staflf, bearing 
a small square banner. 

St. James the GretUer. — A pilgrim’s staflf, hat, 
and escalop shell. 

St. Thomas. — An arrow or with a long 
staff. 

St. Simon. — A long saw. I 

St. Jud^. — A club. i 

St, MaUhias . — A hatchet. 

St, Philip. — Leans on a spear ; or has a long i 
cre^ in the shape of a T. I 

St. Matthew. — A knife or dagger. ! 

St. il/arA.— A winged lion. 

St. Luke. — A bull. 

St. John. — An eagle. 

St, Paid. — An elevated sword, or two swords 
in saltire. 

St. John Baptist. — An Agnus Dei. 

St, Stephen. — With stones in hb lap. 

SAINTS. 

St, Agatha. — Her breast tom by pincers. 


St. Agnes. — A lamb at her feet. 

St. Aldan. — A stag crouching at his feet. 

St. Alphege. — His chasuble full of stones. 

St, Anagradesma. — Covered with leprosy. 

St. Anne. — Teaching the Blessed Virgin to 
read* Her finger usually pointing to the 
words Radix Jesse floruit. 

St. Antony, Eremite. — Devil appears to him 
in the shape of a goat. 

St, Antony of Padua. — Accompanied by a 
P'g- 

St. ApoUonia With a tooth. 

St. Barbara. — W^ith a tower in her hands. 

St. Blaise. — With a woolcomb. 

St. Boniface. — Hewing down an oak. 

St. Britius. — W’ith a child in his arms. 

St, Canute. — Lying at the foot of the altar. 

St. Catherine.- — With a wheel and sword. 

St. CccfV/o.— W’ith an organ. 

St. Christopher. — \ giant carrying the infant 
Saviour on his shoulder across a stream, A 
monk, or female figure, with a lantern on 
the further side. 

St. Clement. — With an anchor. 

St. David, — Preaching on a hill. 

St. Denis With his head in his hands. 

St. Dorothy. — Bears a nosegay in oue hand 
and a sword in the other. 

St. Dunstan. — Bears a harp. 

St. Edith. — Washing a beggar’s feet. 

St. Edmund, — Fastened to a tree and pierced 
with arrows. 
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Si, Edward. — Bearing in his hand the Gc^pel 
of St. John. 

St. Euniiehus, — A dove lighting on his 
head. 

St. Bihddredoy Abbess. — Asleep, a young 
tree blossoming over her head. 

St. Eustachius, or St. Hubert. — A stag appear- 
ing to him, with a cross between its horns. 

St, Fabian. — Kneeling at the block with a 
triple crown at his side. 

St. Faith. — With a bundle of rods. 

St. George. — With the Dragon. 

St. Gertrude. Abbess. — With a loaf. 

St. Giles, Abbot, — A hind with an arrow 
piercing her neck, standing on her hind 
legs, and resting her feet in bis lap. 

St. Gudula. — With a lantern. 

St. Hilary . — With three books. 

St. Hippolytus. — Tom by wild horses. 

St. Hugh . — With a lantern. 

St. Januarius . — Lighting a fire. 

St. Joachim. — With a staff, and two doves 
in a basket. 

St. Lawrence . — With a gridiron, 

St. Meynns. — Restoring sight to a blind 
man. 

St. Margaret. — Trampling on a dragon, a ! 
crosier in her hands. 

St. Martin. — Giving half his cloak to a 
beggar. 

St. Nicholas. — With three naked children 
in a tub, in the end whereof rests his pas- 
toral staff. 

St. Odilo, Abbot — With two goblets, 

St. Panerna.— -Trampling on a Saracen, a 
palm branch in his right band. 


St. PicAzrd.— A chalice at bis feet. 

St. Rosaly . — With a rock in her arms. 

(S^. Sebastian . — As St. Kdmund, but with- 
out a crown. 

St. Ursula. — Surrounded with virgins much 
less in size than herself. 

St. Fmccnt— On the rack. 

St, Walburga* — Oil distilling from her hand. 
St, Waltheof. — Kneeling at the block, the 
sun* rising. 

St, Winifred Abbess.— With her bead in 
her arms. 

St. Wulfstan, — Striking his pastoral staff on 
a tomb. 

The Blessed Virgin is usually repre- 
sented — 

1. At the Annunciation, with an almond- 
tree flourishing in a flower-pot. 

2. At her Purification, with a pair of 
turtle doves. 

3. In her Agony, with a sword piercing 
her heart. 

4. In her “ Repose** (death). 

5. In her Assumption. 

6. With the blessed Saviour in her lap. 

7. In her Ecstasy, kneeling at a faldstool, 
which faces the Temple, the Holy 
Dove descending on her. 

Martyrs hold palms ; Virgins, lamps, or, if 
also Martyrs, lilies and roses ; Confessors, 
lilies ; Patriarchs, wheels. 

Glories round beads are circular, except when 
living prelates eminent for holiness are re- 
presented, when they are square. 


The cross, a symbol of Christianity has very naturally been extensively used in the monu- 
ments of the middle ages. It is unnecessary to give the ornamental and profusely deco- 
rated examples, which the student everywhere finds, and we shall therefore confine ourselves 
to the simple forms by which each cross is distinguished. When the two branches of the 
cross are equal in length, as in fig. 65., the cross is called a Greek cross, and when the stem 


Fig. 65. 


Fig. 66, 


Fig. 67, 
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is longer than the arms, as in^^. 66., it is a Roman or Latin cross. When the figure has 
two arms, one longer than the other (the upper one meant as a representation of the inscrip- 
tion which was placed over the head of Christ), it is known by the name of the Lorraine 
cross, and has received that name from its being a bearing in tbe arms of the Dukes of 
Lorraine. It is represented in fig. 67. By our own heralds this is called a patriarchal 
cro^ 'Hie next {fig. 68.), whose arms are triple, is the papal cross, and is one of the em- 
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blems of the papacy, signifying, perhaps, like the triple crown, or tiara, the triple sove* 
reignty over the universal church, the suffering church, and the triumphant church. 

The great majority of the western churches, with transepts, are constructed in the form 
of a Latin cross, those in the form of the Greek cross being very rare. Those in the form 
of the Lorraine cross are still rarer, and yet rarer are those constructed with triple 
transepts. 

There is another form {Jig. 69. ), called the truncated or tau cross, having the form of that 
letter, on which, as a plan, a few churches have been built. * 

Considered as respects their contours, the cross in blason has been variously shaped and 
named. Thus, Jig 70., in which the extremities widen as they recede from the centre, is 
called a cross patee. This is met with more frequently than any of the others. It is seen 
in the nimbus, on tombs, on shields, upon coins, &c. Fig. 71. is by the French called 
ancreey the extremities forming hooks, but by our own heralds it is called the cross moline. 
Crosses Jlorg are those in which the ends are formed into trefoils, as is seen on the papal 
cross above mentioned {Jig. 68.). Fig. 72. is a cross potent^ and Jig. 73. is the cross clechee, 
as respects the outer lines of its form ; when it is voided, as shown by the inner lines, the 
ground or field is seen on which it lies. 

SECULAR ARCHITECTURE OF FRANCE* 

The civil and domestic architecture of this country has been considered already in this 
work, to as great a length as the materials allowed, and the space which could be allotted 
to it. The history of it on an extensive scale is a great desideratum, and would form a 
most interesting work. The time rapidly passes in which it will be possible to accomplish 
such an end : year after year, some destructive fire consumes a mansion, which would serve 
to illustrate such a history, while decay is eating away those that remain. Pictorially 
something has been done, but the whole on so limited an extent that it might almost be said 
nothing has been done in the matter. 

The timber houses of England have received some attention, but generally speaking 
those that remain are much i^erior to the examples on the Continent. Our old Cheapside, 
from the priuts of it that exist, seems to have exhibited a picturesque assemblage of them. 
In Caen are to be seen several specimens, and their appearance there, where in the neigh* 
bourhood there is abundance of stone, has been by some accounted for, by Henry V. appro* 
priating the quarries for his own use, allowing the stone they supplied to be employed only 
in churches, castles, and fortresses. The houses in question are, by the Abbe de la Rue, 
supplied to have been built after the English came into possession of the town, in 1417 ; 
and are principally of chesnut In the town of Troyes in Champagne, and many other places 
as at Rouen, are to be seen numberless instances of the ingenuity and contrivance employed 
on their con.struction. For those of this country reference may be had to Pugin *s work. 

In the first quarter of the fifteenth century, the buildings of France, not less in 
secular than in ecclesiastical architecture, began to assume a highly florid character, and 
before the end of the century it passed through several gradations. In the best part of 
the period, the plans are contrived with much attention to the unity and design of the 
ediflee. They were on a scale of great magnitude. The effects of light and shade which 
appeared upon them were the result of deeply studied arrangement, and a sensitive feeling 
of the beauty flowing from proportion. In the openings especially, it is observable how 
much more graceful they become from their lessening in width and increasing in height. 
The composition throughout assumes a more pyramidical shape. The spires are covered 
with filigree work and often pierced, and the ridges of the roofs are terminated with open 
lacework of fleurs-de-lis and other ornaments showing out against the sky. Nothing is 
abrupt, everything is well considered. Though the style of the early part of the century 
gathered, as it rolled on, fresh accession of ornament from year to year, it did not become 
thoroughly affected by the Italian style until the more intimate communication between 
France and Italy, which followed the rash enterprise of Charles VIII. to become master of 
Naples after having overrun Italy, and the exertions of Louis XII., his successor, to recover 
the duchy of Milan in right of his grandmother Valentina Among the artists who were 
induced by the last-named sovereign to visit the country, was Fra Giocondi^ who, after the 
death of Bramante, was, in conjunction with Raflfaelle and San Gallo, architect of St. Peter’s. 
He is believed to have been employed on Pont Notre Haine -U Paris, and there is great 
reason to suppose he was also employed in the celebrated Palais de Justice, at Rouen, which 
we shall presently notice at some length, as one of the examples of secular architecture most 
illustrative of the style of its period. To the same master has been attributed the ChMeau 
de Gaillon, well known to the visitors of Paris, by the portion of one of its facades now 
standing in the entrance court of the Ecole des Beaux Arts. This edifice, constructed for 
Cardinal George d’Amboise, called the French Mercia, and one of the nine sons of Pierre 
d’Amboise, every one of whom rose to great distinction, seems, from the comparative purity 
of its detail, to have anticipated, in fact, the Renaissance of a later date. M. Eraeric David, 
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tn his bu^raphicai notice of Fra Gioconch), thinks that artist was not engaged on the 
chateau, because ** les formes gothiques da Chateau de Gaillon, sont bien eloignees du style 
que 1^ bons architectes Itaiiens avaient deja mis en vogue rers le raeme temps ; and again, 
because “il n’est pas vraisemblable que Joconde, reparti pour Fltalie en 1506, ait pu con- 
straire ce ch^eau en 1505," To which it has been answered, that the forms of Gaiilon 
are not more Gothic than those of the ancient palace of the Chambre des Compt^ destroyed 
by fire in 1737, but of which partial representations have been preserved, as the corbel 
•towers, the open staircase resembling that at the Sainte Chapelle, the lofty roofs and dormers, 
&c., all of the same ^yle as those of the Hotel de Cluny and the Palais de Justice at 
Rouen. Then, in respect of the date 1 505 ; it was discovered on one of the pilasters, not set 
in Its place, in the middle of some arabesques winding round a mitre ^th the episcopal keys; 
and this date may quite as well apply to the finishing as the commencement of the building. 
George d*Amboise, who died at Lyons in 1510, it has been said, never inhabited the chateau 
at all, for the ancient one was destroyed in 1 423 ; but there seems abundant evidence that he 
did reside there, and was much esteemed for bis noble actions, among which has been 
recorded that of presenting to a young lady, by way of dower, the price of some lands 
contiguous to his estate which he had proposed to buy of her father, who had no other 
means of providing for her than by the sale of them. J*aime mieux acquerir un ami qu'un 

domaine," were his words on the occasion. 

But to return to the subject, from which we have a little digressed. The style after 
the first quarter of die fifteenth century has been by many — first we believe by a Quarterly 
Reviewer, in 182]>~-ailled Burgundian Architecture, because, says the reviewer, it originated 
in the dominumr of Philip the Good, Duke of Burgundy. No example can, he says, be 
dated anterior to his reign, and building having its characteristics are found in all the 
states which were united under his authority. We, however, do not think the name apposite, 
and certainly prefer calling it the early Flamboyant. Philip the Good succeeded to the 
duchy in 1419, having been bom at Dijon in 1396; he died at Bruges in 1496; but all the 
^rms oi the style are traceable in the Church of St. Ouen of a considerably earlier date, 
and the carrying them out and adding to their efflorescence in secular buildings do not justify 
the name, especially as they appear at as early period in other parts of France as in Bur* 
gundy. Thore is no doubt that Philip was a great patron of the arts ; and in respect of the 
palace at Dijon, and its great presence chamber, it was in unison with the spirit of the people, 
and 8es||Kd to declare the ** lusty character of the prince who held his court there ; " but that 
does not justify the designation whereof we are speaking. It is not improbable, however, 
that through bis influence the style soon prevailed in Flanders, where from the duke's pos* 
sessioDS in right of bis mother, Margaret of Flanders, be was in considerable authority. 
Hie Hoteb de Ville, both at Louvain and Brussels, were erected during the period of his 
power. His riches at bis death were enormous. ** Malgre un gout pour le iaste, ies 
plcustrs, et les luxes, on trouve dans ses cofiTres a sa mort 400,000 ecus d’or et 7,200 marcs 
d* argent, sans parler de 2,000,000 d'autres eflets. Ce tresor, dit un moderne, semble 
n’avoir rassembl^ que pour etre Pinstrument des extravagances et de la ruine de son fils.” 

Art de verifier les Datet.) 

We now propose to submit to the ^udent, in order as nearly chronological as possible, 
the mention of a few out of the infinite number of works in France that exemplify the 
style from 1420 up to 1531, when it may be said to have been lost in the pure Renaissance, 
confining ourselves (except in one instance) to secular architecture ; and we regret our space 
restricts us to so few illustrations. A more interesting work or a more valuable one could 

be undertaken, than a complete history of the architecture of France and the Nether- 
lands between the y^rs 1400 and 1525. Its phases, till the Flamboyant ceased, are so 
-melted into each other, that to use the common phrase of transition, an absurd one, is 
utterly inappropriate. 

Among the earliest examples is that of the Hotel des Ambassadeurs at Dijon, which 
resembled in some degree several subsequent edifices at Bourges, Meilan, &c. It has, 
'moreover, some historical interest beyond that of the architecture which remains of it, for 
here it is believed the sister of Philip the Good, above mentioned, contracted marriage 
with the Duke of Bedford, then governor of France. At a later period (1477), it was still 
appropriated to the residence of English ambassadors at the court of Burgundy. The date 
of this hotel is pretty well aswrtained to have been about 1420. 

The next example would seem to show the impropriety of giving the name of Bur- 
gundian to the style of which we are speaking. It is that of La Fontaine de la Croix, 
ft Rouen, given in Britton’s Antiquities of Normandy, in admirable plates from draw- 
u»gs by the late Augustus Pugin, on reference to which it will be seen there is scarcely 
fn arrangement unanticipated of the more advanced period of the style, always reserv- 

the freedom from a mixture of Italian architecture, which as yet was not interwoven 
with it. Here, in the tracery over the canopy work, is seen the same system of Flamboyant 
lines which pervades all the tracery of the beginning of the sixteenth century. The 
example also exl^Hs frie interpenetration of members which afterwards became so compU- 
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cated, and on which we have already made some remarks. The date of this fountain is 
between 1422 and 1461 ; and it was erected by the Cardinal George d’Amboise, already 
noticed. 

The palace at Dijon, which has been already mentioned, was in date subsequent to the 
Hotel des Ambassadeurs just alluded to, and though altogether changed in its facade, still 
possesses within it many matters for the student of the style of this period of the art It is 
now used for the accommodation of 
the authorities of the place in the shape 
of public offices, and a portion of it as a 
museum of the antiquities of the city. 

The date of its erection is about 1467. 

Although this part of our Appendix is 
dedicated to the consideration of se* 
cular architecture, we cannot refrain 
from reminding the reader that in this 
place are to be seen two monuments 
of the period, which are perfect keys 
to the style that prevailed at the 
time, in the monuments of the Dukes 
of Burgundy, Philippe-Ie-Hardi and 
Jean-sans-Peur, which were in the 
church of the Chartreuse. That of 
the last-named was executed by Juan 
de Huerta, assisted by other artists, 
about 1475. 

At Nancy, the capital of Lorraine, 
still remains a portion of the ancient 
palace of its powerful dukes. Of its 
portail we present a representation in 
Jig, 74. What remains within serves 
as barracks for the garrison. The date 
of it is about 1476. The shell- 
sculptured gable, with the candelabra- 
sbaped ornaments bounding it, exhibit 
in an interesting way the contention 
between the past and coming styles. 

In ihehcdcona the Flamboyant takes its 
place, and the foliations of the princi- 
pal feature under the reigning pointed 
arch are inverted though set upon a 
ground in which the trefoils are in their 
proper position. The finials are in- 
ordinately large, and the elliptical form 
of the arch over the gateway is a step 
beyond what we call the Tudor arch. In every respect the example is one of great interest, 
and those persons who do not approve of an admixture of styles must at least admit that it 
is lughly picturesque. 

At Amboise was a palace of Charles VIII., which dates of 1483, but it fell into the 
hands of a possessor who has so modernised it that he has not left us the opportunity of 
even an observation upon it, and a succeeding proprietor consummated the Vandalism of 
the first named. 

At Bourdeaux, whose beautiful cathedral, with its elegant spire, musk be the admiration 
of ail who have seen it, is an example of the period in the Gate du Caillau, built (in memory 
of the battle of Fornova) in 1494. 

St. Quentin furnishes us with an Hotel de Ville, whose date, 1495 — 1509, is as well 
verified by the style of the ornaments as by the rebus of the fricetious canon Charles de 
Bovelies, given by M. du Somm^rard as follows i — 



Fig. 74. 


D’un mouton et de cinq chevaux 

Toutes les tetes prendrey .... m.ccccc 

Et a icelles, sans nuls travaux, 

La queue d’un veau joindrez ^ 

Et au bout adjouterez 

Tous les quatrc pieds d’une chatte .... 
Rassemblez, et vous apprendrez 


L’an de roa fayon et ma date . . . mcccccvhu — 1509. 

3 I 
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The town of St. Quentin possesses also a very fine church which was collegiate, and of which 
the King of France was premier chanoine. 

At Caen is a curious instance of a castle in miniature, built by Girard de Nollent, about 
the end of the fifteenth century. Dawson Turner thus describes it : “ It has four fronts; 
the windows are square-headed, and surrounded by eluant mouldings, but the mulllons 
have been destroyed. One medallion yet remains over the entrance ; and it is probable 
that the walls were originally covered with ornaments of this kind. Such at least is the 
case with the towers and walls, which, surrounding the dwelling, have given it a castellated 
appearance. The circular tower nearest the gate is dotted on all sides with busts in 
basso relievo, enclosed in medallions, and in great variety of character. One is a frowning 
warrior, arrayed in the helmet of an emperor of the lower empire ; another is a damsel 
attired in a rutT ; a third is a turbaned Turk. The borders of the medallions are equally 
diversified ; the cordeliere, well known in French heraldry, the vine leaf, the oak le^, aU 
appear as ornaments. The battlements are surmounted by two statues, apparently Neptune, 
or a sea god, and Hercules. These heathen deities not being very fiimiliar to the good 
people of Caen, they have converted them, in imagination, into two gens d’armes mounting 
guard on the castle ; and hence it is frequently called the Chateau de la Gendarmerie,"^ Of 
the style displayed in this castle, Mr. Turner justly observes, we have no parallel in 
Engla^ 

At Orleans the ancient Hotel de Ville, now used as a museum, exhibits another specimen 
of the style. It was commenced under Charles VIII., and finished in 1498, under Louis 
XII. At Blois the beautiful chateau whose four fa 9 ades are different styles, the 
eastern b^g of the pgriod of Louis XII. This magnificent structure, now used as a 
barrack, **servit,** says Du Sommerard, ^ de residence a plus de cent teles couronn^es, princes 
et princesses.” Valentin of Milan died here. It was the birth-place of Louis XII., who, 
< as well as his successors, Francis I., Henri II., Charles IX., and Henri IIL, held hiscourt 
here; and in 1588 it was the scene of the assassination of the Guises. The southern 
ft^de is of the eleventh century ; that on the north side is very imposing and equally 
eluant, the interior of it as well as the exterior, belonging to the reign of Francis L 
The corps de logis on the west, opposite the court of entrance, but which has never been 
finished, is as late as the time of Mansard, who was employed upon it by Gaston d’Orleans 
and the Grande Mademoiselle. From what has been said, it may be easily conceived, that 
it wmj|hmish to the student a most valuable example for examining the different periods 
of Fiv^h secular architecture. It is observed by the gentleman we h^ave just quoted, ** On 
ne peut nulle part trouver un moyen aussi facile et aussi curieux de juger comparativement 
ces divers styles, et surtout la vanite des efforts du plus grand architecte du XVID siecle, 
dans sa lutte avec les ma 9 ons Ubres scs devanciers.” Anne of Brittany and Gaston 
d*Orleans died in this chateau. 

At Amboise there existed another splendid palace of Charles VIII. and Louis XIL, but 
it has been entirely ruined by the alterations it underwent under the hands of a member of 
the conservative senate, who changed the old decorated dormem or lucames into modern 



Fig. 75. 
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windows, placed gutters for carrying off the rain instead of the ancient gargouilles, and the 
like. The chapel to it, however, a most elegant morceau, still remains. 

We now come to the time of one or two of the finest examples of the art of this period^ 
the Palais de Justice and the Hotel Bourgtheroude, at Rouen. The first, begun in 1499 in 
the first year of the ministry of George d*Amboise, and finished in 1508. The plot on 
which this beautiful work stands, including the court>yar4 is about three fifths of an 
English acre, and the arrangement of its plan is given, that is, of the ancient part of the 
building, in Jig, 75. It is thus described by Dawson Turner : — “ The three estates of the 
duchy of Normandy — the parliament, composed of the deputies of the church, the nobility, 
and the good towns — usually held their meeting in the Palace of Justice. Until the liberties 
of France were wholly extirpated by Richelieu, this body opposed a formidable resistance to 
the crown ; and the Cbarte Normande was considered as great a safeguard to the liberties 
of the subject as Magna Charta used to be on this side of the channel. Here also the Court 
of Exchequer held its session.” “ This court, like our Aula Regia, long continued ambu- 
latory, and attendant upon the person of the sovereign, and its sessions were held occasion- 
ally, and at his pleasure. The progress of society, however, required that the supreme tri- 
bunal should become stationary and permanent, that the suitors might know when and 
where they mightprefer their claims. Philip the Fair, therefore, about the year 1300, began 
by exacting that the pleas should be held only at Rouen. Louis XII. rem^elled the court, 
and gave it permanence, yielding in these measures to the prayer of the States of Normandy, 
and to the advice of his minister, the Cardinal d’Amboise.” “ When the Jews were ex- 
pelled from Normandy, in 1181, the close or Jewry, in which they dwelled, escheated to 
the king.” “ In this close the palace was afterwards built.” “ The palace forms three sides 
of a quadrangle ” (two of them only are ancient). “The fourth is occupied by an 
embattled wall and an elaborate gateway. The building was erected about the beginning,- 
of the sixteenth century; and with all its faults” (we are not aware what they are) “it is 
a fine adaptation of Gothic architecture to civil purposes.” “The windows in the body of 
the building take Battened elliptic heads, and they are divided by one mullion and one 
transom. The mouldings are highly wrought, and enriched with foliage. The lucarne” 
(dormer) ** windows are of a different design, and form the most characteristic feature of 
the front ; they are pointed, and enriched with mullions and tracery, and are placed within 
triple canopies of nearly the same form, fianked by square pillars, terminating in tall 
crocketed pinnacles, some of them fronted with open arches, crowned with stati||||k The 
roof, as is usual in French and Flemish buildings of this date, is of a very high pitch, 
and harmonises well with the proportions of the building. An oriel, or rather tower, of 
enriched workmanship projects into the court, and varies the elevations” (an object the de- 
signer never once thought about, inasmuch as in all mediaeval buildings, the first considera- 
tion was convenience, and then the skill to make convenience agreeable to the eye — an 
invaluable rule to the architect). “ On the left-hand side of the court, a wide Bight of 
steps leads to the Scdle des Procureurs** (marked A on the plan), “a place originally de- 
signed as an exchange for the merchants of the city” (sed qiuere'), “ who had previously 
been in the habit of assembling for that purpose in the Cathedral. It is 160 feet in 
length by 50 feet in breadth.” The description is generally good, or we should not have 
adopted it ; but Mr. Turner has made a strange mistake in the length he has given, which 
is 25 feet more than the salle really is, an error which we are surprised the Quarterly Re- 
view did not find out, for reviewers are supposed to know everything. The true dimensions 
are 135 feet by 57 feet 3 inches. They are so given in Britton’s Normandy, and we will vouch 
from our own measurement for their accuracy. The room B, now the Cour d' Assises, has 
remained in its original state; the ceiling is of oak, black through age, and is arranged in 
compartments with a profusion of carving and gilt ornaments. The bosses of the ceiling 
are gone, as are also the doors which were enriched with sculpture, and the original chimney- 
piece. Of this room, Heylin says it is so gallantly perfect, and richly built, that I must 
needs confess it surpasseth all the rooms that ever I saw in my life. The palace of the 
Louvre hath nothing in it comparable; the ceiling is all inlaid with gold, yet doth the 
workmanship exceed the matter. Round the room are gnomic sentences, admonishing 
the judges, jurors, witnesses, and suiters of their duties.” The basement story of the salle 
is, or used to be, occupied as a prison. 

Rig. 76. exhibits a portion of the south front of the building. The ellipse seems almost 
to have superseded the pointed arch in the leading forms, over which the crocketed labels or 
drips, in curves of contrary flexure, flow with surprising elegance. It is only in the 
lucarnes we find the pointed arch ; and there it is almost subdued by the surrounding acces- 
saries. The connection of the lucarnes with the turrets of the fa9ade by means of flying 
buttresses is most beautiful, and no less ingenious in the contrivance : their height, ftom 
the ground to the top of the finials, is 78 ft. 6 in. The octangular turrets at the end of the 
salle, next the Rue St. Lo, contain a very pretty example of penetration over the heads of 
the pointed arch. In the story above the basement, as also in the lucarnes, the sofites of the 
windows are roundld at the angles, or, as the French call it, have coussinets arrgndis, as 
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usoai in the style, those in the principal story being, besides, slightly segmental. In the 
tracery of the parapet it is singular to find the quatrefoUs centered throughout with what 
is callestyhe Tudor rose. The arches rising above the parapet, which are crocheted and 
of coi^rary flexure, have statues substituted for 6nials. The richness of the ornamentation of 
the whole is such that we know no 
example, except that of the 
' de Bourgtheroude in the same 
at can vie with it. 

- fig. 77. is a section of the salle. 

.me roof presents little for remark. 

Xt is bold and simple, and seems 
scarcely in harmony with the rest of 
the place. It is impossible to form 
an adequate notion of this splendid 
monument from the figures here 
^ven, owing to the necessary small 
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It possesses both in secular as well 
as ecclesiastical architecture, all that 
the student can desire. The Hotel 
de Bourgtheroude, in the Place de 
la l^ie^Ue, is about the same age as 
the Palais de Justice we have just 
described, or pertiaps three or four 
years later in the finishing: In 
some respects it is more elaborate 
in the ornaments and the abundance 
of sculpture. The entire front is divided into bays by slender buttrefi»es or pilaster the 
spa^ between them being filled with ba^i>nlievi; every inch indeed, in the 

building has been c^namented. This building, or rather « portkn of it, is given in 
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Britton’s NorTnandy. Some of the bassi-rilievi are engraved and described by Langlois. 
in his Detcripfion Hiatorique dea Maiaona da Rouen. 

The well-known Hotel de Cluny at Paris, of which a portion is given in fig. 78., belongs 
to the period, though commenced somewhat earlier. This hotel, as well as" the Chateau de 
Gaillon, was a dependence of the archbishopric of Rouen. After some interruption of the 



Fig. 78. b8tbi dk tf-cmr. 


works, they were resumed in 1490, by Jacques d’Amboise, Abbe of Cluny, and afterwards' 
Bishop of Clermont. He was brother to the celebrated George d’Amboise, of whom we 
have had so much to speak. 

To the Qorf^vest of Caen (about ten miles) is the Chateau Fontaine le Henri, a con- 
siderable porticm whereof is of the period under view. A part of the west front is given 
mjig. 79. Dawson Turner says* “ This chateau is a noble building, and a characteristic 
specimen of the r^idences of the French noblesse during the latter part of the fifteenth 
century ; at which period there is no doubt of its having been erected, although no 
req^ds whatever are left upon the subject. Fontaine le Henri was then still in the 
poaiKsioa of the family of Harcourt, whose fortune and consequence might naturally be 
rise to a similar building.** Most of the exterior surfiice trf this 
bi^du^llpcovered with medallions, scrolls, friezes, canopies, statues, and arabesques, m bas 
relief worked with extraordinary care, and of great beauty. 

At Gaillon there now remain very few vestiges of the i^Iebrated chateau of the Arcb- 
bishopsrof Rouen. We have above mentioned that a portion of it is set up in the court of 
the Ecole des Beaux Arts at Paris. 

St. Amand is the Chateau de Meilan, bearing a considerable resemblance in charac- 
ter to the Hotd de Cluny, but much richer in the ornamentation. The walls abound with 
the arms of Cbai^fhou^ which was from the thirteenth century in the family of Amboise; 
and Jacques d’Amboke became, on the death of his fether, lord of Chaumont and Meilan. 

^ 3l 3 
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At Clermont (Auvergne) was a beautiful fountain erected by Jacques d’Amboise, about 
1512, opposite the cathedral. But it was much injured by its removal in 1799 to another 
spot; and for the octagonal tazza covered with arabesques was substituted a circular one, 
besides being denuded of much of its sculpture. 

We have now enumerated a few of the chateaux of France, to which reference may be 
had for an insight into the domestic architecture of the country, previous to the complete 
triumph of the Renaissance. Fig. 80., though belonging to the ecclesiastical branch of the 
subject, is a very curious example of the dying struggles of the style called the Flamboyant. 
It is from the church of St. Jacques at Dieppe. 

HOTELS DE VILLE. 

At a very early period the cities on the Continent that rose into importance were, for 
the better regulation of the inhabitants, governed by a municipal body composed of their 
princi|)al inhabitants, whose business it was to make laws and ordinances for the good order 
of the place generally, and the proper governance of the different guilds or trades. For 
the convenience of these bodies were erected those magnificent edifices, some three or four 
whereof wc are about to notice, as examples of public secular architecture in the middle of 
the fifteenth century. We have chosen the Belgian examples, as most splendid, to remark 
upon ; but it is not to be understood that fine specimens are only to be found in that 
country. France and Germany abound with edifices whose destination is that we have 
just described, and a very voluminous work might be produced on the subject. Dallaway 
well observes, that “ the Maisons de Ville, or town-houses, in many of the cities of Flan- 
ders engrossed, in a peculiar degree and extent, a style of grand and most richly ornamented 
architecture, superior even to that conspicuous in their churches of the highest order.” 
These “ are all of the fifteenth century.” “ The external surfece of the whole building is 
literally encrusted with minute filligrain in stone.’* Mr. D, says they are of the manner 
first introduced and patronised under Philip, duke of Burgundy, — .a subject we have in 
this Appendix already discussed, and to which we consider it unnecessary to return, merely 
observing, by the way, that in the detail they are entirely wanting in the interpenetrating 
system of the mouldings which is so marked a characteristic of what has been called the 
Burgundian style. 

Of the four principal hotels de ville, that of Bruges it the earliest. Its date is 1 377, and 
it was erected under the order of Louis de Maele, Count of Flanders ; hut as it presents 
nothing to dwell upon, and is before the period under our consideration, it is unnecessary 
to enter into further description of it. 

The Hotel de Ville of Brussels is the first of the class, an edifice, whether considered by 
itself, or as the dominant feature of a iplace surrounded by buildings of the most unique 
and varied appearance, the most interesting that we recollect anywhere to have contem- 
plated. It appears to have been completed in 1445. Fig 81. is a view of the facade, 
which is towards the east There can be little doubt that a much more ancient building 
occupied this site, which has not been entirely removed ; for in the northern side from the 
tower, the piers of the loggia, which on the basement extends along the front, consist, at 
least three of them, of columns whose date is evidently a century earlier, and which it is 
probable were left when the main front of the building was carried up. Indeed, it seems 
highly probable that at the time of the architect Van Ruysbroeck undertaking his part of 
the work, the hotel was in existence as high as the one-pair floor. The whole of the tower 
seems rather later than the date above given, which accords well enough with the northern 
wing. The authorities we have looked into scarcely, however, admit us to doubt its eor- 
rectness. One of the puxzles attending this example is, why the tower and spire do not 
stand in the centre of the front. We are of opinion, on this head, that the northern wing is 
of the length originally intended for each side of the centre, and that it was, in execution, 
lengthened out on the southern side for the acquisition of more room. Certainly the 
southern wing is rather later, and there is a carelessness about the detail which would 
seem to indicate that the burgomaster of the day found there was not enough space for the 
ojflices, and that, cotcTe qui coute, he was determined to supply them. The proportions of 
the front would clearly have been more congenial to the style had the southern wing been 
restricted to the same number of bays as the northern. As the building stands executed, 
talAg one of the bays on the northern side as a measuring unit, we have three measuring 
the central space for the tower, ten for the north wing, and eleven for the south wing ; the 
height, tathe top of the parapet, nine ; to the ridge of the roof, thirteen ; to the top of the 
spire, thirty-three. The tracery on the spire is very elegant, and is pierced throughout. 
It is 406 feet high, and crowned with a copper gilt colossal statue of St. Michael, the 
patron of the city, 18 feet high, which is so well balanced upon the pivot on which it stands 
that it is susceptible of motion with a very gentle wind. The interior of the edifice has a 
quadrangular court, with two modern fountains, statues of river gods with reeds and vases, 
as usual in such cases. The Grande Saile is that in which Charles V., in the height of 
his power, abdicate in 1556, in favour of his son Philip. Besides this, there are many 

3 14 
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interesting apartments, some whereof posses ceilings of great beauty. This beautiful 
monument is perhaps the most admirable example of the adaptation of the style to secular 
ar<^tecture that can be quoted. 

&nal]er in extent than the hotel de ville we hare just described, but more beautiful and 
symmetrical, is that of Lourain. It is the most perfect, in every respect, of this class of 
buildings in Europe. Nothing can surpass the richness and delicacy of the tracery upita it. 
Like that at Brussels, it consists of three stories, but has not, like it, any lofty tower. Com- 
menced in 1448, it was not completed till 1493. It stands on a site of about 85 feet by 49 
^t ; so that it derives little advantage ftom its absolute magnitude, and perhaps appears 
less than it really is, from the great height of the roo^ which is pierced by four tiers of 
dormers or lucarnes. The angles are 6anked by turrets, of which some notion may be 
Ibrmed by reference to Jiff. 82., and the ridge of the roof is received at each end by another 
turret coibelled over from the gables. The facade towards the Place extends rather more 
than the bei^t, and is pierced with twenty-eight windows and two doorways, being ten 
openings in each story, the spaces between the windows being decorated with canopies, and 
groups of small figures from the Old Testament, some whereof are rather licentious. This 
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charming edifice which, in its delicate rich tracery, had sufiered much from time and the 
elements, when we last saw it, four or five years since, bad at the joint expense of the town 
and government undergone a complete renovation. TTiis had, stone by stone, been efiect^ 
with great care and artistic shill, by a M. Goyers, and religiously accurate it appears to be. 
The new work has been saturated with oil : it is executed in very soft stone, which hardens 
with exposure to the air. 

In ibrm, though not in features, totally different from the hotels de ville we have just 
left, is that at Ghent, never completed, but exhibiting, in what was executed of the design, 
a choice example of the last days of the Flamboyant. It was begun in 1481, and we per- 
ceive in it all those indications of change in the sofites and curves as well as in the lines 
of the foliage and tracery, that were never more to be repeated ; for, were the style repeated 
and revived, it woula be but mockery and a lie, as unsuitable and out of character with the 
habits of the age, from which alone a real style of architecture can ever spring. The sub- 
division of the building as to height is into two stories as to effect, though in reality there 
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are more ; and the transoms, which abound in the apertures, seem to reign in accordance 
with the horizontal arrangement of lines which was so soon to supersede the flaming curves 
that bad prevailed for nearly half a century. 


II DILAPIDATIONS. 

The architect, in the course of his practice, is frequently called upon, and he must un- 
dertake the task, however uncongenial to his feelings, to ascertain the extent of neglect 
of a tenant in keeping bis premises in proper order according to the covenants of the 
lease or agreement under which he holds the property. The owner of a tenement let to 
any person has a right to expect that it shall be delivered up to him, at the expiration of 
the term, in as good condition as the wear and tear of the time will permit ; and the tenant 
is bound to make good what by his neglect or accident may have iqjured the premises. If the 
tenant fails in this, not only upon what was originally demised, but upon what may have 
been erected after he begins his occupation, he is bound to pay to the landlord a sum equal 
to what will restore the premises. 

The general rule for determining what injuries are considered dilapidations, is to ascer- 
tain what is fair wear without accident, for such^ not dilapidation. Injury by accident is 
that which happens suddenly, and perceptibly differing from wear, which occurs only by 
lengthened use. Thus the nosing of a step worn away is not dilapidation ; but if such 
be broken away, instead of worn, it is a dilapidation. It may be said that accident is 
defined here with too much latitude, inasmuch as it takes account of that which occurs with- 
out apparent reason at any particular time ; but we use the term in common language, and 
may cite as an example, that if the timbers of a floor decay, the floor will yield, even with- 
out a load upon it. When accident occurs, such alone does not limit the extent of the dila- 
pidation, but also such injuries to the building as follow in its train. Thus, if the weather- 
boarding of a building decay firom age, so long as the covering be complete and entire, it is no 
dilapidation ; but if broken in any part, that is a dilapidation ; and if from want of reparation 
any of the internal parts of the building be iiyured, such injury is a dilapidation : so if tim- 
ber or timbers belonging to any part of a bouse merely decay, if it or they be still sufficient 
for the support of the bouse, no dilapidation can be chargeable ; but if such timber or tim- 
bers give way, they must be replaced, and all parts made good which suffered by their failure. 
According to Woodfall (Landlord and Tenant), “ waste may be done in houses by pulling 
them down or suffering them to be uncovered, whereby the rafters and other timbers of the 
house become rotten ; but the bare suffering them to be uncovered, without rotting the timber, 
is not waste : so if a house be uncovered when the tenant cometh in, it is no waste in the 
tenant to suffer the same to fall down.” In external covering, however, it seems that decay 
arising from inattention to it is dilapidation, even though no accident be the cause. It is 
always considered that though painting neglected is not itself a dilapidation, yet where 
decay arises from it, it is one. 

Broken glass is not considered a dilapidation, unless there be more than one crack in 
the pane. Some, however, contend that while the glass is sufficiently entire to exclude 
the wind and weather, no waste is assignable. Generally it seems then to be the rule, that 
where accident occurs, it is a dilapidation. 

Whatever the tenant has power to remove during the term cannot be chargeable with 
* dilapidations. Upon this point the old rule is, that whatever is fxed to the freehold can- 
not be removed by the tenant : thus a lessee may erect barns or sheds or any building upon 
wooden or stone or other blocks laid on the surface of the ^ound, and take them down 
if he please without substituting anything in their place ; but if the bams are fixed into the 
^ ground, they immediately become the property of the lessor. There seems, however, to be an 
exception in respect of buildings erected for the purposes of trade : hence not only coppers and 
ovens may be taken away, but workshops and the like erected by the tenant for his parti- 
cular trade. This exception seems at first to have applied only to wooden buildings; but 
Lord Kenyon held that a brick chimney would prevent a tenant from removing a building, 
and decided that its being on a brick foundation would not do it Though this opinion 
was not held by Lord Ellenborough, yet it w,as not because the buildings were of brick, 
but because they were erected for the purposes of agriculture, and not of trade. These 
matters, however, are not in the province of the architect. It is to be remembered, in all 
cases, that a lessee is bound to leave the premises in as good condition, after the removal 
of fixtures or improvements, as though they had never existed : thus, if a marble be sub- 
stituted for a wooden chimney-piece, when the former is removed, the latter, or one of equal 
value, must be replaced. If a partition be put up and taken away, all damages to the 
adjacent work must be repaired. 
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III. — COMPOUND INTEREST AND ANNUITY TABLES. 


In a previous part of this work (797, et seq.) we have touched on the nature of com- 
pound interest and annuities ; and as the architect is often called on to value property, we 
have thought it right to add some practical observations on the subject, and a set of Tables 
for the ready calculation of such matters, which we shall here explain. 

Table First contains the amount of l/. put out to accumulate at compound interest for 
any number of years up to 100, at the several rates of 3, 4, 5, 6, 7, and 8 per cent. The 
amount of any other sum is found by multiplying the amount of It found in the table at 
the given rate per cent., and for the given time, by the proposed sum. 

Example. 

Required the amount of 7552. in 51 years, at 5 per cent 

Amount of 12 for 51 years at 5 per cent, is 
Given sum ------ - . 


12-040769 

755 


or 9090/. 15s. 7^. 


£9080-780595 


Table Second contains the present valu^ of 1/. payable at the end of any number oCyears 
up to 100. The present value of any given sum payable at the expiration of any number 
of years is found by multiplying the present value of I/, for the given number of years, at 
the proposed rate per cent., by the given sum or principal. 

Example. 

Required the present value of 9090/. payable 51 years hence, compound interest being 
allowed at 5 per cent. 

By the table, the present value of 1/. payable at the expiration of 


51 years at 5 per cent is------ - -083051 

Given principal 9090 


or 754/. 1 8s, 


£754-933590 


Table Thibd contains the amount of an annuity of I/, for any number of years, and is 
thus used. Take out the amount of 1/. answering to the given time and rate of interest : 
this multiplied by the given annuity will 1^ the required amount. 


Example. 

Required the amount of an annuity of 27/. in 21 years, at 5 per cent, compound interest. 


Annuity of 1/. in 21 years at 5 per cent. ----- 35*719251 

Annuity given - -- -- -- -- 27 


£964-419777 

or 964/. 8s. 4-^d, 


Table Fourth shows the present value of an annuity of 1/. for any number of years, at 
3, 4, 5, 6, 7, and 8 per cent., and is used as follows: — 

when the annuity commences immediately. Multiply the tabular number answer- 
ing to the given years and rate of interest by the given annuity, and the product will be the 
value required. 

Example. 

Required the present value of an annuity of 45/., which is to continue 48 years, at the 


rate of 5 per cent. 

Under 5 and opposite to 48 years is (years* purchase) - - 18*077157 

Annuity given - -- -- -- -- 45 


or 813/. 9s. 


£813*472065 


Second, when the annuity does not commence till after a certain number of years. Mul- 
tiply the difference between tbe tabular numbers answering to the time of commencement 
and end, at the proposed rate of interest, by tbe given annuity, the product will be the 
present value required. 

[31 51 
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Example. 

An annuity of 40/. is to commence 20 years hence, and is to continue 30 years ; required 


its present xalue, the rate of interest bein^ 4 per cent. 

Under 4 per cent, and opposite to 20 is - - - - - 13 590326 

Under 4 per cent, and opposite to 50 (20 + SO) is - - - 21 *432184 

Difference - - 7*891858 

Annuity given 40 


£315*674820 

or 3 15/. 13s. 5^. 


Table Fifth contains the annuity which 1/1 will purchase, compound interest being 
allowed. The manner of using this table is obvious, from what has been said relative to 
the preceding tables. 

Example. 

What annuity for 10 years will 500/. purchase, the rate of interest being 5 per cent. ? 


Under 5 and opposite to 10 is - - - - - - - •! 29504 

Principal given - 500 


£64*752000 

or 64/. 15s. 0^. 

Tables Sixth, Seventh, and Eiohth are for finding the value of annuities on single and 
joint lives, and were constructed by Simpson, on the London bills of mortality. 

To find the value of an annuity for a single life, at a proposed rate of interest, within the 
limits of the table, take from Table VI. the number answering to the given age and proposed 
rate of interest, which multiplied by the given annuity, the product will be the value re- 
quired. 

Example. 

What is the value of an annuity of SOL upon a single life aged 40 years, according to the 


London bills of mortality, the rate of interest being 4 per cent. ? 

The value of an annuity of 1/. for 40 years at 4 per cent, is • - - 1 1 *5 

Annuity - - 50 

Value £575 


To find the value of an annuity of two joint lives, multiply the number in Table VIL 
answering to the given ages, and at the proposed rate of interest, by the given annuity, and 
the product will be the required value. 

Example. 

What is the value of an annuity of 60/. for two joint lives, the one being 30 and the other 


40 years, interest at 4 per cent. ? 

The number answering to 30 and 40 years at 4 per cent, is - - - 8*8 

Annuity - 60 

Value £528-0 


To find the value of an annuity for the longest of two given lives, proceed as directed in 
the case immediately preceding, but using Table VI II., and the product will be the value. 

Example. 

What is the value of an annuity of 60/. for the longest of two lives, the one being 30 and 


the other 40 years, interest at 4 per cent. 

The tabu^r number answering at 4 per cent, is _ . . , 15*9 

Annuity - -- -- -- -- -- 60 

Present value -- -------- £954*0 


The first five tables which follow are printed from those of Smart ; the remainder are 
from Simpson. 

The calculations involving the valuation of annuities on lives are not very frequently im- 
posed on the architect, but it is absolutely necessary he should be capable of performing them, 
as in the case of valuations of leases upon lives, which sometimes occur to him. 
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Years. 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 Dcr Cent 

8 per Cent. 


1-014889 

I *01 9803 

1 *024695 

1 -029563 

1 -034408 

1 -039230 

1 

1-030000 

1*040000 . 

1-050000 

1*060000 

1-070000 

1-080000 

1^ 

1-045335 

1-060596 

1 -075929 

1*091336 

1-106816 

1-122368 

2 

1-060900 

1-081600 

1 -102500 

1-123600 

1*144900 

1-166400 


1 -076695 

1*103019 

1 -129726 

1-156817 

1 -1 84293 

1-212158 

3 

1 -092727 

1-124864 

1 -157625 

1*191016 

1 *225043 

1-259712 


1 -108996 

1*147140 

1*186212 

1 *226226 

1-267194 

1*309131 

4 

1*125508 

1*169858 

1 -215506 

1-262476 

1 -310796 

1 -360488 

4 ^ 

1*142266 

1 -193026 

1 -245523 

1 -299799 

1 -355897 

1-413861 

5 

1-159274 

1*216652 

1.276281 

1-338225 

1 *402551 

1-469328 

H 

1-176534 

1 -240747 

1 -307799 

1-377787 

1-450810 

1 -526970 

6 

1-194052 

1-265319 

l-34()095 

1-418519 

1 -500730 

1 -586874 


1-211830 

1 -290377 

1-373189 

1 -460454 

1 -552367 

1-649128 

7 

1 *229873 

1-315931 

1-407100 

1-503630 

1 -605781 

1*713824 

n 

1-248185 

1*341992 

1*441848 

1 -548082 

1-661033 

1*781058 

8 

1 -266770 

1 -368569 

1 -477455 

1 *593848 

1-718186 

1 -850930 

8> 

1-285631 

1-395672 

1 -513941 

1-640967 

1 -777305 

1-923543 

9 

1 -304773 

1-423311 

1 -551328 

1 -689478 

1 -838459 

1*999004 


1*324200 

1-451498 

1 -589638 

1-739425 

1-901717 

2-077426 

10 

1*343916 

1 -480244 

1-628894 

1 -790847 

1-967151 

2.158925 

lOJ 

1.363926 

1 -509558 

1 -669120 

1 -843790 

2-034837 

2*243620 

11 

1.384233 

1 -539454 

1-710339 

1 *898298 

2-104851 

2-331639 

Hi 

1 -404843 

1 -569941 

1 -752576 

1-954417 

2-177275 

2*423110 

12 

1-425760 

1 -601032 

1 -795856 

2-012196 

2*252191 

2-518170 

12i 

1 *446989 

1 -632738 

1 *840205 

2-071683 

■2-329685 

2-616959 

13 

1-468533 

1 -665073 

1 *885649 

2-132928 

2*409845 

2-719623 

13i 

1 -490398 

1 *698048 

1-932215 

2-195984 

2*492763 

2-826315 

14 

1-512589 

1-731676 

1 -979931 

2*260903 

2-578534 

2-937193 

14i 

1 -5351 10 

1-765970 

2*028826 

2*327743 

2-667256 

3*052421 

15 

1-557967 

1 *800943 

2-078928 

2-396558 

2-759031 

3-172169 

151 

1-581164 

1-836609 

2-130267 

2-467407 

2-853964 

3*296614 

16 

1 -604706 

1*872981 

2-182874 

2-540351 

2-952163 

3*425942 

>65 

1 -628599 

1-910073 

2*236780 

2*61 5452 

3*053741 

3-560344 

17 

1 -652847 

1-947900 

2-292018 

2.692772 

3-158815 

3-700018 

17i 

1 -677457 

1 -986476 

2*348619 

2-772379 

3-267503 

3-845171 

18 

1 -702433 

2-025816 

2-406619 

2-854339 

3-379932 

3-996019 

1^ 

1 -727780 

2-065935 

2-466050 

2*938722 

3-496229 

4-152785 

19 

1-753506 

2*106849 

2-526950 

3-025599 

3-616527 

4-315701 

19i 

1-779614 

2*148573 

2-589353 

3-115045 

3-740965 

4*485008 

20 

1-806111 

2-191123 

2-653297 

3-207135 

3*869684 

4-660957 

201 

1 -833002 

2-234515 

2-718821 

3-301948 

4-002832 

4*843808 

21 

1 -860294 

2-278768 

2-785962 

3-399563 

4-140562 

5-033833 

211 

1 -887992 

2*323896 

2*854762 

3-500064 

4*283031 

5*231313 

22 

1*916103 

2-369918 

2*925260 

3-603537 

4*430401 

5-436540 

22i 

1-944632 

2-416852 

2-997500 

3-710068 

4-582843 

5-649818 

23 

1-973586 

2-464715 

3-071523 

3*819749 

4-740529 

5-871463 

23i 

2-002971 

2-513526 

3-147375 

3-932672 

4*903642 

6-101804 

24 

2-032794 

2-563304 

3-225099 

4-048934 

5-072366 

6*341180 

24i 

2-063060 

2-614067 

3-304744 

4-168633 

5-246897 

6-589948 

25 

2-093777 

2-665836 

3-386354 

4*291870 

5-427432 

6-848475 
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Years 

3 per Cei^. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent 

1 

8 per Cent 

m 

2-124952 

2-718630 

3-469981 

4-418751 

5-614179 

7-117144 

26 

2-156591 

2-772469 

3-555672 

4-549382 

5-807352 

7-396353 

26i 

2-188701 

2-827375 

3-643480 

4-683876 

6-007172 

7-686515 

27 

2-221289 

2*883368 

3-733456 

4-822345 

6-213867 

7-988061 

271 

2-254362 

2-940470 

3-825654 

4-964909 

6-427674 

8*301437 

28 

2-287927 

2-998703 

3-920129 

5-111686 

6-648838 

8-627106 

281 

2-321992 

3058089 

4016937 

5-262803 

6-877611 

8-965551 

29 

2-356565 

3-118651 

4-116135 

5-418387 

7-114257 

9-317274 

29^ 

2-391652 

3-180412 

4-217783 

5-578571 

7-359044 

9*682796 

30 

2-427262 

3-243397 

4-321942 

5-743491 

7-612255 

10-062656 

304 

2-463402 

3 -307629 

4-428673 

5-913286 

7-874177 

10-457419 

31 

2-500080 

3-373133 

4-538039 

6-088100 

8-145112 

10-867669 

314 

2-537304 

3*439934 

4-650106 

6-268083 

8*425370 

11.294013 

32 

2-575082 

3-508058 

4-764941 

6-453386 

8-715270 

11-737083 

32> 

2-613423 

3-577532 

4*882612 

6*644168 

9*015146 

12-197534 

33 

2-652335 

3-648381 

5-003188 

6-840589 

9*325339 

12-676049 

334 

2-691826 

3-720633 

5-126742 

7-042818 

9*646206 

13-173337 

34 

2-731905 

3-794316 

5-253347 

7-251025 

9-978113 

13-690133 

344 

2-772581 

3-869458 

5-383079 

7-465387 

10-321440 

14-227204 

35 

2-813862 

3-946088 

5-516015 

7-686086 

10-676581 

14-785344 

; 354 

2-855758 

4-024236 

5-652233 

7-913310 

11-043941 

15-365380 

1 36 

2-898278 

4-103932 

5-791816 

8-147252 

11-423942 

15-968171 

i 364 

2-941431 

4-185206 

5-934845 

8-388109 

11-817017 

16-594610 

1 37 

2-985226 

4-268089 

6-081406 

8-636087 

12-223618 

17-245625 

I 374 

3-029674 

4-352614 

6-231587 

8-891395 

12-644208 

17-922179 

38 

3-074783 

4-438813 

6-385477 

9-154252 

13-079271 

18-625275 

384 

3-120564 

4-526719 

6-543167 

9-424879 

13-529303 

19-355954 

39 

3-167026 

4-616365 

6704751 

9-703507 

13-994820 

20-115297 

394 

3-214181 

4-707788 

6-870325 

9-990372 

14-476354 

20*904430 

40 

3-262037 

4-801020 

7-039988 

10-285717 

14-974457 

21-724521 

404 

3*310606 

4-896099 

7*213841 

10-589794 

15-489699 

22-576785 

41 

3-359898 

4-993061 

7-391988 

10-902861 

16-022669 

23*462483 

414 

3-409924 

5091943 

7-574533 

11*225182 

16-573978 

24*382927 

42 

3-460695 

5-192783 

7-761587 

1 1 -557032 

17-144256 

25-339481 

424 

3*512222 

5-295621 

7-953260 

1 1-898693 

17-734157 

26*333562 

43 

3-564516 

5-400495 

8-149666 

J 2 *250454 

18-344354 

27-366640 

434 

3-617589 

5-507446 

8-350923 

12-612615 

18-975548 

28 -440247 

44 

3-671452 

5-616515 

8*557150 

12-985481 

19-628459 

29-555971 

444 

3-726117 

5-727744 

8-768469 

13-369371 

20-303836 

30-715466 

45 

3-781595 

5-841175 

8-985007 

13-764610 

21-002451 

31*920449 

454 

3-837900 

5-956853 

9-206893 

14-171534 

21-725105 

33-172704 

46 

3-895043 

6-074822 

9*434258 

14-590487 

22-472623 

34-474085 

464 

3-953037 

6-195127 

9-667237 

15-021826 

23-245862 

35-826520 

47 

4-011895 

6-317815 

9-905971 

15-465916 

24-045707 

37-232012 

474 

4-071628 

6-442933 

10-150599 

15-923135 

24-873072 

38*692642 

48 

4-132251 

V 6 -570528 

10-401269 

16-393871 

25-728906 

40*210573 

484 

4-193777 

6-700650 

10-658129 

16-878524 

26-614187 

41 -788053 

49 

4-256219 

6-833349 

10-921333 

17-377504 

27-529929 

43-427418 

494 

4-319590 

6-968676 

11-191036 

17-891235 

28-477180 

45-131097 

SO 

4-383906 

7-106683 

11-467399 

18-420154 

29-457025 

46-901612 
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COMPOUND INTEREST TABLES. 

The FiasT Table of Cosipound Interest — continued. 

The Amount of One Pound in any Number of Years, &c. 


861 


Years. 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent 

8 per Cent. 

50\ 

4-449178 

7-247423 

11-750588 

18-964709 

30-470583 

48-741585 

51 

4-515423 

7 *390950 

12-040769 

19-525363 

31*519016 

50-653741 

5U 

4-582654 

7-537320 

12-338117 

20-102592 

32*603524 

52*640912 

52 

4-650885 

7-686588 

12*642808 

20*696885 

33*725347 

54-706040 

52\ 

4*720133 

7-838813 

12-955023 

21 -308747 

34-885771 

56-852185 

53 

4*790412 

7-994052 

13-274948 

21 -938698 

36*086122 

59-082524 

53^ 

4-861737 

8-152365 

13-602774 

22-587272 

37*327775 

61 *400360 

54 

4*934124 

8*313814 

13-938696 

23-255020 

38*612150 

63*809126 

541 

5-007589 

8 -478460 

14-282913 

23-942508 

39-940719 

66 *312389 

55 

5*082148 

8-646366 

14*635630 

24*650321 

41-315001 

68*913856 

551 

5-157817 

8-817598 

14*997058 

25*379059 

42-736569 

71 *617380 

56 

5-234613 

8-992221 

15-367412 

26*129340 

44-207051 

74-426964 

561 

5-312552 

9-170302 

15*746911 

26-901802 

45*728129 

77 -346770 

57 

5-391651 

9-351910 

16-135783 

27-697101 

47-301545 

80-381121 

57^ 

5*471928 

9-537114 

16-534257 

28-515911 

48*929098 

83-534512 

58 

5-553400 

9-725986 

16*942572 

29-358927 

50-612653 

86-811611 

581 

5-636086 

9-918599 

17-360970 

30*226865 

52-354135 

90-217273 

59 

5-720003 

10-115026 

17-789700 

31-120463 

54-155539 

93-756540 

591 

5-805169 

10-315343 

18-229018 

32-040477 

56-018925 

97-434655 

60 

5-891603 

10-519627 

18-679185 

32-987690 

57-946426 

101-257063 

601 

5-979324 

10-727957 

19-140469 

33-962906 

59-940249 

105-229427 

61 

6-068351 

10 940412 

19-613145 

34-966952 

62-002676 

109-357628 

61^ 

6-158703 

11-157075 

20-097493 

36-000680 

64-136067 

113-647781 

62 ' 

6-250401 

11-378029 

20*593802 

37-064969 

66-342864 

118-106239 

621 

6-343464 

11-603358 

21-102367 

38-160721 

68-625592 

122-739604 

63 

6-437913 

11-833150 

21 -623492 

39-288867 

70-986864 

127-554738 

631 

6-533768 

12-067492 

22-157486 

40*450364 

73-429383 

132-558772 

64 

6-631051 

12*306476 

22-704667 

41*646199 

75-955945 

137-759117 

641 

6-729781 

12-550192 

23 *265360 

42-877386 

78-569440 

143-163474 

65 

6-829982 

12-798735 

23-839900 

44-144971 

81-272861 

148-779846 

651 

6-931675 

13*052200 

24-428628 

45-450030 

84*069301 

154-616552 

66 

7*034882 

13-310684 

25-031895 

46*793669 

86-961961 

160*682234 

661 

7-139625 

13-574288 

25*650060 

48*177031 

89-954152 

166-985876 

67' 

7-245928 

13-843112 

26*283490 

49-601290 

93*049298 

173*536813 

67- 

7-353814 

14-117259 

26-932563 

51-067653 

96-250943 

180-344746 

68 

7-463306 

14-396836 

27-597664 

52-577367 

99-562749 

187-419758 

681 

7-574428 

14-681950 

28-279191 

54-131713 

102-988509 

194-772326 

69 

7-687205 

14*972709 

28-977548 

55-732009 

106-532142 

202-413338 

691 

7-801661 

15-269228 

29-693150 

57-379615 

110-197704 

210-354112 

70 

7-917821 

15-571618 

30-426425 

59-075930 

113-989392 

21 8*606405 

701 

8-035711 

15-879997 

31-177808 

60*822392 

117-911544 

227-1 82441 

71 

8-155356 

16-194483 

31 -947746 

62-620485 

121-968649 

236-094918 

711 

8-276782 

16-515197 

32-736698 

64-471736 

126-165352 

245-357036 

72 

8-400017 

16-842262 

33-545134 

66-377715 

130-506455 

254-982511 

721 

8-525086 

17-175804 

34-373533 

68-340040 

1 34-996926 

2 64-985599 

73 

8-652017 

17-515952 

35-222390 

70-360378 

139-641906 

275-381112 

731 

8*780839 

17-862837 

36-092210 

72-440442 

144-446711 

286*184447 

74' 

8-911578 

18-216591 

36-983510 

74-582000 

149-416840 

297-411601 

741 

9*044264 

18-577350 

37-896821 

76-786869 

154-557981 

309-079203 

75 

9-178925 

18-945254 

38-832685 

79-056920 

159-876019 

321*204529 




85J 12-519376 

86 12-705779 

86J 12-894958 

87 13-086953 

87^ 13-281806 

88 13-479561 

88| 13.680261 

89 13-883948 

89^ 14-090668 

90 14-300467 


28- 598977 

29- 165349 

29- 742936 

30- 331963 
30-932654 

31 -545241 
32-169960 
32-807051 
33 -456758 

34-119333 


64-816424 145-764403 
66-417071 150-073638 

68 057245 154-510267 
69-737924 159-078057 
71-460108 163-780884 

73-224820 168 622740 
75-033113 173-607737 


325-321669 
336-515351 
348094186 
360 071425 
372-460779 


8 per Cent. 

333-805539 

346-900892 

360-509982 

374-652963 

389-350781 

404-625200 
420-498844 
436-995216 
454-138751 
471 -954834 

490-469851 

509-711221 

529-707439 

550-488118 

572-084035 

594-527168 

617-850757 

642-089341 

667-278818 

693-456488 


720-661124 

748-933008 

778-314013 

808-847648 

840-579135 


76-886061 

78-784769 

80-730365 


178-740104 

184-024201 

189-464511 


385276425 873-555460 

398-533033 907 825465 

412-245775 943.439897 

426-430345 980-451 503 i 

441-102979 1018-9150891 


14-51.3389 

14-729481 

14- 948790 

15- 171365 
15-397254 


34- 795029 

35- 484106 

36- 186830 

36- 903470 

37- 634303 


82-724007 

84-766883 

86-860208 

89-005227 

91203218 


195-065653 

200-832381 

206-769592 

212-882324 

219-175768 


456-280470 
471 -980188 
488220103 
505-018801 
522-395510 


1058-887623 

1100-428296 

1143-598633 

1188-462560 

1235-086523 


93 15-626506 

93^ 15-859172 

94 16.095301 

94^ 16-334947 

95 16-578160 

95| 16-824995 

96 17-075505 

96j 17-329745 

97 17-587770 

97| 17-849637 

98 18-115403 

984 18-385126 

99 18-658866 

994 18-936680 

30 19-218631 


38 -379609 
39-139675 
39-914794 
40705262 

41- 511385 

42- 333473 

43- 171841 

44- 026812 
44-898715 
45787884 

46- 694663 

47- 619400 

48- 562450 

49- 524176 

50- 504948 


93-455488 

95-763379 

98-128263 

100-551548 

103-034676 


225-655264 
232-326314 
239-1 94580 
246-265893 
253-546254 


105-579125 261041846 
j 108-186410 268-759030 
110-858082 276-704357 
113-595730 284-884572 
116-400986 293-306618 

119-275517 301-977646 
122-221035 310-905016 
125-239293 320096305 
128-.332087 329-559317 
1 SI -501 257 339 -302083 


540-370117 
558-963196 
578-196026 
598 090619 
618-669747 

639-956963 
661 -976630 
684-753950 
708-314994 
732-686727 


1283-539564 

13,33-893445 

1386-222730 

1440-604921 

1497-120548 

1555-853315 

1616-890192 

1680-321580 

1746-241407 

1814-747306 


757-897043 1885-940720 
783-974797 1959 927091 
810-949836 2036-815978 
838-853033 2116-721258 
867-716325 2199-761256 
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The Second Table op Compound Interest. 


The present Value of One Pound payable at the End of any Number of Years, &c. 


Years. 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent. 

1 

•985329 

•980580 

•975900 

•971285 

■966736 

1 

•962250 

1 

•970873 

•961 538 

■952380 

•943396 

•934579 

•925925 

H 

•956630 

•942866 

•929428 

•916307 

•903492 

•890972 

2 

•942595 

•924556 

•907029 

•889996 

•873438 

■857338 


•928767 

-906601 

-885170 

*864440 

•844385 

•824974 

3 

•915141 

•888996 

•863837 

•839619 

■816297 

•793832 

3> 

•901715 

•871732 

■843019 

•815510 

•789144 

•763865 

4 

•888487 

•854804 

■822702 

*792093 

'762895 

•735029 

4^ 

•875452 

•838204 

•802875 

•769349 

•737518 

•707282 

5 

•862608 

•821927 

■783526 

■747258 

•712986 

•680583 


•849953 

•805965 

•764643 

•725801 

•689269 

•654891 

6 

•837484 

•790314 

•746215 

•704960 

•666342 

•630169 

65 

•825197 

•774967 

•728231 

•6847 1 8 

•644177 

•606381 

7 

■813091 

•759917 

•710681 

*665057 

•622749 

•583490 

n 

•801 162 

•745160 

•693553 

•645960 

•602034 

■561463 

8 

•789409 

•730690 

•676839 

•627412 

•582009 

•540268 


•777828 

•716500 

•660527 

•609396 

•562649 

•519873 

9 

•766416 

•702586 

•644608 

•591898 

•543933 

-.500248 


•755172 

•688942 

•629073 

•574902 

•525840 

•481364 

10 

•744093 

•675564 

•613913 

•558394 

•508349 

'463193 

10| 

•733177 

•662445 

•599117 

•542360 

•491439 

•445708 

11 

•722421 

•649580 

•584679 

•526787 

•475092 

•428882 

Hi 

•711822 

•636966 

•570588 

•511661 

•459289 

•412692 

12 

■701379 

•624597 

•556837 

•496969 

•44401 1 

•397113 

12i 

•691090 

•612467 

•54341 7 

•482699 

•429242 

*382122 

13 

•680951 

•600574 

•530321 

•468839 

■414964 

■367697 

134 

•670961 

•588911 

•517540 

•455376 

•401161 

•353817 

1-1 

•661117 

•577475 

•505067 

•442300 

•387817 

•340461 

14* 

•651418 

•566260 

•492895 

-429600 

•374917 

•327608 

15 

-641861 

*555264 

•481017 

•417265 

•362446 

•315241 

154 

■632445 

•544181 

•469424 

•405283 

*350389 

•303341 

16 

■623166 

•533908 

•458111 

*393646 

■338734 

•291890 

161 

■614024 

•523540 

•44707 1 

*382343 

•327467 

•280871 

17 

-605016 

*513373 

•436296 

•371364 

•316574 

•270268 

174 

•596140 

.503403 

•425781 

•360701 

•306044 

*260066 

18 

•587394 

•493628 

•415520 

*350343 

■295863 

•250249 

18* 

•578777 

•484042 

•405506 

•340283 

•286022 

•240802 

19 

•570286 

•474642 

•395733 

*330513 

■276508 

•231712 

194 

•561919 

•465425 

*3861 96 

•321022 

•267310 

•222965 

20 

-553675 

•456386 

•376889 

•31 1 804 

•258419 

•214548 

204 

•545552 

•447524 

•367806 

•302851 

■249823 

*206449 

21 

•537549 

■438833 

•358942 

•294155 

■241513 

•198655 

214 

•529663 

■4303 1 1 

•3.50291 

•285708 

•233479 

•191156 

22 

•521892 

•421955 

■341849 

■277505 

•225713 

■183940 

224 

•514235 

•413761 

■333611 

•269536 

1 

•218205 

•176996 

! 23 

•506691 

•405726 

•32.5571 

*261797 

•210946 

•170315 

1 231 

•499258 

•397847 

■317725 

•254279 

-203930 

■163885 

24 

•491 933 

•390121 

•310067 

■246978 

*197146 

•157699 

214 

•484716 

•382545 

I -.302595 

•239886 

•190588 

•151746 

25 

•477605 

•375U6 

i -295302 

•232998 

•184249 

•146017 
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COMPOUND INTEREST TABLES. 


Appendix. 


The Second Table op CoMrouNp Intebest — continued^ 


The present Value of One Pound payable at the End of any Number of Years^ &c. 


Years 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent. 

25^ 

•470598 

•367832 

•288186 

•226308 

•178120 

■140505 

26 

■463694 

•360689 

*281 240 

■219810 

■172195 

■1 35201 

26^ 

*456891 

•353684 

•274462 

•213498 

•166467 

■130097 

27 

•450189 

■346816 

•267848 

•207367 

•160930 

■125186 

271 

•443584 

■340081 

*261393 

•201413 

•155577 

•120461 

28 

•437076 

•333477 

•255093 

•1 95630 

•150402 

■115913 

281 

*430664 

•327001 

•248945 

•190012 

•145399 

■111538 

29 

-424346 

•320651 

•242946 

•1 84556 

•140562 

•107327 

291 

•418120 

•314424 

*237091 

•179257 

•135887 

■103275 

30 

•411986 

•308318 

•231377 

•1 74110 

•131367 

■099377 

30^ 

•405942 

•302331 

•225801 

■1691 10 

•126997 

•095625 

31 

•399987 

•296460 

*220359 

•164254 

•122773 

•09201 6 

311 

■394119 

•290703 

•215048 

•159538 

•118689 

■088542 

32 

‘388337 

•285057 

•209866 

•154957 

•114741 

■085200 

32J 

•382639 

•279522 

•204808 

•150507 

•110924 

•081983 

33 

•377026 

■274094 

•I 99872 

•146186 

•107234 

•078888 

33.1 

•371495 

•268771 

•195055 

•141988 

•103667 

■075910 

34 

•366044 

•263552 

•190354 

•137911 

•100219 

■073045 

341 

•360674 

•258434 

•185767 

•133951 

•096885 

■070287 

35 

•355383 

•253415 

•181290 

•130105 

•093662 

■067634 

35L 

•350169 

•248494 

•176921 

•126369 

•090547 

■065081 

36 

•345032 

•243668 

•1 72657 

•122740 

■087535 

■062624 

364 

•339970 

■238936 

•1 68496 

•119216 

■084623 

■060260 

37 

•334982 

■234296 

•164435 

•115793 

■081 808 

■057985 

371 

•330068 

•229746 

•160472 

•112468 

■079087 

■055796 

r>s 

■325226 

•225285 

•156605 

•109238 

■076456 

■053690 

381 

•320454 

•220910 

•152831 

•106102 

■073913 

■051663 

39 

•315753 

•216620 

■149147 

•103055 

■071455 

■049713 

391 

■311121 

•212413 

•145553 

•100096 

■069078 

•047836 

40 

•306556 

•208289 

•142045 

•097222 

•066780 

•046030 

401 

•302059 

•204244 

•138622 

•094430 

■064559 

•044293 

41 

•297628 

■200277 

•I 35281 

•091719 

•062411 

•042621 

411 

•293261 

•196388 

•132021 

•089085 

•060335 

•041012 

42 

*288959 

•192574 

-128839 

•086527 

•058328 

•039464 

421 

•284719 

•188835 

•125734 

■084042 

■056388 

■037974 

43 

■280542 

•185168 

•122704 

■081629 

*054512 

■0.36540 

431 

•276427 

•181 572 

•119747 

•079285 

-052699 

■0351 61 

44 

*272371 

■178046 

•116861 

•077009 

■050946 

■03S834 

44J 

•268375 

•1 74588 

•114044 

•074797 

■049251 

■032556 

45 

•264438 

•171198 

•111296 

•072650 

•047613 

■031327 

451 

•260559 

•167873 

•108614 

•070563 

■046029 

■030145 

46 

•256736 

•164613 

•105996 

•068537 

■044498 

•029007 

461 

■252970 

•161417 

■103442 

■066569 

•04301 8 

■027912 

47 

■249258 

■158282 

•100949 

•064658 

■041587 

■026858 

471 

■245601 

■155208 

•098516 

.062801 

■040204 

•025844 

48 

•241998 

•152194 

•096142 

■060998 

■038866 

•024869 

481 

•238448 

■149239 

•093825 

•059246 

■037573 

■023930 

49 

■234950 

•I 4634 1 

•091563 

057545 

■036324 

•023026 

491 

■231503 

•1 43499 

•089357 

•055893 

■035115 

■022157 

50 

•228107 

•140712 

•087203 

•054288 

■033947 

•021 321 
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The Second Table of Compound Interest — continued . 

'Fhe present Value of One Pound payable at the End of any Number of Years, &c. 


1 

"Xears. 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent, j 

sol 

■224760 

-137980 

•085102 

•052729 

■032818 

-020516 

51 

•221463 

■1 35300 

-083051 

•051215 

■031726 

-019741 

51^ 

•218214 

•132673 

■081049 

‘049744 

*030671 

•018996 

52 

•215012 

•130096 

•079096 

-048316 

•029651 

■018279 

5-, 

*211858 

•127570 

•077190 

-046929 

•028664 

•017589 

53 

•208750 

•125093 

■075329 

-045581 

■02771 1 

■016925 

53>j 

•205687 

•122663 

•073514 

•044272 

•026789 

•016286 

54 

•202670 

■120281 

■071742 

-043001 

•025898 

•015671 

541 

•199696 

•117945 

•070013 

•041 766 

•025037 

•015080 

55 

-196767 

■115655 

■068326 

•040567 

•024204 

•014510 

554 

•193880 

•113409 

■066679 

•039402 

•023399 

'01 3963 

56 

■191036 

•111207 

•065072 

-038271 

•022620 

•013435 

564 

•188233 

•109047 

■063504 

•037172 

•021868 

-01 2928 

57 

•185471 

•106930 

•061974 

*036104 

■021140 

•01 2440 

57' 

•182750 

■104853 

-060480 

•035068 

-020437 

•011971 

58 

•180069 

■102817 

■059022 

•034061 

•019757 

■011519 

581 

•177428 

•100820 

*057600 

•033083 

•019100 

■011084 

59 

•174825 

•098862 

•056212 

•032133 

•01 8465 

•010665 

59>j 

•172260 

•096942 

•054857 

•031210 

•017851 

•010263 

60 

•169733 

•095060 

•053535 

•030314 

•017257 

■009875 

60* 

•167242 

•093214 

•052245 

•029443 

•016683 

•009503 

61 

•164789 

•091404 

•050986 

•028598 

•016128 

*009144 

eq 

•162371 

•089629 

•049757 

•027777 

•015591 

•008799 

62 

•159989 

•087888 

•048558 

•026979 

•015073 

•008466 

62^ 

•157642 

-086181 

•047388 

•026204 

•014571 

•008147 

63 

•155329 

•084508 

•046246 

•025452 

•014087 

-007839 

631 

•153051 

•082867 

•045131 

024721 

•013618 

•007543 

64 

♦1 50805 

•081258 

•044043 

•02401 1 

•013165 

•007259 

641 

•148593 

•079680 

■042982 

•023322 

•012727 

•006985 

65 

•146413 

•078132 

-041946 

•022652 

•01 2304 

•006721 

65] 

•144265 

•076615 

•040935 

•022002 

•011894 

•006467 

66 

•142148 

•075127 

-039949 

•021370 

•011499 

•006223 

66] 

*140063 

-073668 

-038986 

•020756 

•011116 

-005988 

67 

•138008 

*072238 

•038046 

-020160 

■010746 

■005762 

67] 

•135983 

•070835 

•037129 

•019581 

•010389 

•005544 

1 68 

•133988 

■069459 

•036234 

•019019 

•010043 

■005335 

1 69] 

•132023 

•068110 

•035361 

•018473 

•009709 

•005134 

! 69 

•130086 

•066788 

•034509 

■017943 

•009386 

•004940 

i 69] 

•128177 

•065491 

•033677 

•017427 

•009074 

•004753 

i ™ 

•126297 

•064219 

-032866 

•016927 

-008772 

•004574 

1 

i 70] 

•124444 

•062972 

■032074 

•016441 

•008480 

•004401 

1 71 

•122618 

•061749 

•031301 

■015969 

•008198 

•004235 

71] 

■120819 

*060550 

•030546 

•015510 

*007926 

•004075 

72 

•119047 

■059374 

-029810 

■015065 

•007662 

•003921 

72] 

-117300 

•058221 

•029092 

•014632 

■007407 

•003773 

73 

•115579 

■057090 

■028391 

-014212 

•007161 

-003631 

731 

•113884 

*055982 

•027706 

•023804 

•006922 

-003494 

74 

•112213 

•054895 

•027039 

•013408 

•006692 

•003362 

741 

•110567 

•053828 

! -026387 

■013023 

•006470 

•003235 

75 

•108945 

•052783 

i *025751 

I 

■0.12649 

I -006254 

i 

-003113 


3K 




866 


COMPOUND INTEREST TABLES. 


Appendix. 


The Second Table of Comtoond Interest — continued . 


The present Value of One Pound payable at the End of any Number of Years, &c. 


Years 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent 

75| 

•107346 

•051758 

•025130 

•01 2285 

•006046 

■002995 

76 

•105772 

•050753 

■024525 

•01 1 933 

•005845 

•002882 

76J 

•104220 

•049767 

•023934 

•011590 

•005651 

•002773 

77 

•102691 

•048801 

•023357 

•011257 

•005463 

•002669 

77^ 

•101184 

•047853 

•022794 

•010934 

•005281 

•002568 

78 

•099700 

•046924 

*022245 

■010620 

•005105 

•002471 

781 

•098237 

•04601 3 

•021709 

•010315 

•004935 

*002378 

79 

•096796 

•045119 

•021185 

•010019 

•004771 

*002288 

79| 

•095376 

•044243 

•020675 

•009731 

•004613 

*002201 

80 

•093977, 

•043384 

•020176 

•009452 

•004459 

-002118 

80J 

•092598 

•042541 

•019690 

•009180 

•00431 1 

•002038 

81 

•091239 

•041715 

*019216 

*008917 

■004167 

•001961 

8U 

•089901 

•040905 

•018753 

•008661 

•004029 

•001887 

82 

•088582 

•040111 

•018301 

•008412 

•003895 

•001816 

82> 

•087282 

•039S32 

•017860 

•008170 

•003765 

•001747 

83 

•086002 

-038568 

*017429 

•007936 

-003640 

•001682 

83> 

•084740 

•037819 

•01 7009 

*007708 

•003519 

•001618 

84 

•083497 

•037085 

•016599 

•007486 

•003402 

•001557 

84J 

•082272 

•036364 

•01 61 99 

•007272 

•003289 

•001498 

85 

■081065 

•035658 

•015809 

*007063 

•003179 

•001442 

851 

•079876 

•034966 

•015428 

•006860 

■003073 

-001387 

86 

•078704 

•034287 

•015056 

•006663 

•002971 

•001335 

864 

•077549 

■033621 

•014693 

•006472 

•002872 

-001284 

87 

•07641 1 

•032968 

•014339 

■006286 

•002777 

•001236 

87^ 

•075290 

■032328 

•013993 

•006105 

*002684 

•001189 

88 

•074186 

•031 700 

■013656 

•005930 

•002595 

•001 1 44 

88^ 

•073098 

•031084 

•013327 

•005760 

•002509 

■001 101 

89 

•072025 

•030481 

•01 3006 

•005594 

•002425 

•001059 

891 

•070968 

•029SS9 

*012692 

•005434 

-002345 

•001019 

90 

•069927 

-029308 

*012386 

•005278 

•002267 

•000981 

901 

•068901 

-028739 

•012088 

•005126 

•002191 

•000944 

91 

•067891 

•0281 81 

•011797 

•004979 

•002118 

•000908 

91 1 

•066895 

•027634 

•OI15I2 

•004836 

•002048 

•000874 

92 

•065913 

•027097 

•Ol 1235 

•004697 

•001980 

•000841 

921 

•064946 

•026571 

•010964 

-004562 

•001914 

■000809 

93 

•063993 

•026055 

•010700 

■004431 

•001850 

•000779 

931 

•063054 

•025549 

*010442 

•004304 

•001 789 

•000749 

94 

•062129 

•025053 

•010190 

•004180 

•001729 

■000721 

Q/fl 

•061218 

•024566 

•009945 

•004060 

•001671 

.000694 

95 

•060320 

•024089 

•009705 

■003944 

•001616 

•000667 

951 

•059435 

■023621 

*009471 

■003830 

•001562 

•000642 

96 

•058563 

■023163 

•009243 

•003720 

*001510 

•000618 

961 

•057704 

•022713 

•009020 

•003613 

•001 460 

•000595 

97 

•056857 

•022272 

•008803 

■003510 

•001411 

•000572 

971 

•056023 

•021839 

•008590 

■003409 

•001364 

•000551 

98 

•055201 

•021415 

•008383 

•003311 

•001319 

•000530 

981 

•054391 

•020999 

•008181 

•003216 

■001275 

•000510 

99 

•053593 

•020592 

•007984 

•003124 

•001233 

•000490 

99i 

•052807 

•0201 92 

•007792 

*003034 

•OOII92 

■000472 

100 

•052032 

*01 9800 

.•007604 

•002947 

•001152 

•000454 
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The Third Table of Compound Interest. 


The Amount of One Pound per Annum in any Number of Years, dec. 


Years. 

3 per Cent. 

4 per Cent. 

^ per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent. 

I 

•496305 

-495097 

•493901 

'492716 

•491543 

-490381 

1 

1 *000000 

1-000000 

1 *000000 

1 -000000 

1-000000 

1 -000000 

H 

1-511194 

1-514901 

1-518596 

1 -522279 

1 -525951 

1 -52961 1 

2 

2-030000 

2-040000 

2-050000 

2-060000 

2 070000 

2-080000 


2 ‘556530 

2-575497 

2-594526 

2*613616 

2-632768 

2-651980 

3 

3-090900 

3-121600 

3-152500 

3-183600 

3*214900 

3-246400 

H 

3 -633226 

3-678517 

3*724252 

3-770433 

3-817061 

3-864138 

4 

4-183627 

4*246464 

4*310125 

4*37461 6 

4*439943 

4-506112 


4-742222 

4*825658 

4-910-165 

4*996659 

5-084256 

5-1 73270 

5 

5-309135 

5*416322 

5-525631 

5-637092 

5-750739 

5-866600 

H 

5-8S'1489 

6-018684 

6 155988 

6-296459 

6-4401 54 

6-587131 

6 

6*468409 

6-632975 

6*801 912 

6-975318 

7-153290 

7*335929 


7*061024 

7-259431 

7-463788 

7-674246 

7 -890964 

8-114102 

7 

7*662462 

7*898294 

8*142008 

8-393837 

8-654021 

8-922803 

n 

8 -272855 

8-549809 

8-836977 

9-134701 

9*443332 

9-763230 

8 

8-892336 

9*214226 

9-549108 

9-897467 

10-259802 

10-636627 

8^ 

9*521040 

9-891801 

10*278826 

10-682783 

11-104365 

11-544288 

9 

10-159106 

10-582795 

1 1 -026564 

11-491315 

11-977988 

12-487557 


10-806671 

1 1 -287473 

11-792767 

12-323750 

12-881671 

13-467831 

10 

11-463879 

12-006107 

12-577892 

13-180794 

13-816447 

14-486562 

lOi 

12-130872 

12-738972 

13-382406 

14-063175 

14-783388 

15-545258 

11 

12*807795 

13-486351 

14-206787 

14*971642 

15-783599 

16-645487 


13-494798 

14-248531 

15-051526 

15-906966 

16-818225 

17-788879 

12 

14-192029 

15-025805 

15-917126 

16-869941 

17-888451 

18-977126 

in 

14-899642 

15-818472 

16*804102 

17-861384 

18-995501 

20-211989 

13 

15-617790 

16-626837 

17-712982 

18*882137 

20-140642 

21 -495296 

ISi 

16*346631 

17*451211 

18*644307 

19-933067 

21 -325186 

22-828948 

14 

17*086324 

18*291 911 

19-598631 

21 -015065 

22*550487 

24*214920 

in 

17-837030 

19-149260 

20-576523 

22*129051 

23*817949 

25-655264 

13 

18-598913 

20-023587 

21 -578563 

23-275969 

25*129022 

27-152113 

1 

19*372141 

20-915230 

22*605349 

24*456794 

26-485205 

28-707685 

16 

20-156881 

21 *824531 

23-657491 

25-672528 

27*888053 

30-324283 

164 

20-953305 

22*751839 

24*735616 

26-924202 

29-339170 

32*004300 

17 

21 -761587 

23*697512 

25-840366 

28-212879 

30-840217 

33-750225 

174 

22 -581904 

24-661913 

26-972397 

29-539654 

32-392912 

35-564644 

18 

23-4144.35 

25 -645412 

28-132.384 

30-905652 

33*999032 

37-450243 

181 

24*259361 

26*648389 

29-321017 

32-312033 

35-660416 

39-409816 

19 

25-116868 

27-671229 

30-539003 

33-759991 

37-378964 

41 -446263 

194 

25*987142 

28*714325 

31-787068 

35-250755 

39*156645 

43-562601 

20 

26-870374 

29-778078 

33*065954 

36-785591 

40-995492 

45-761964 

204 

27-766756 

30-862898 

34-376421 

38-365801 

42*897610 

48-047609 

21 

28 -676485 

31 -969201 

35-719251 

39-992726 

44*865176 

50*422921 

214 

29-599759 

33-097414 

37*095243 

' 41-667749 

46*900443 

52*891418 

22 

30-536780 

34-247969 

38*505214 

43-392290 

49-005739 

55*456755 

22J 

31 -487752 

35*421310 

39*950005 

45-167814 

51 *183474 

58 -1 22731 

23 

32-452883 

36-617888 

41 -430475 

46-995827 

53-436140 

60-893295 

234 

33-432385 

37-838163 

42-947505 

48*877882 

55-766317 

63-772550 

24 

34-426470 

39-082604 

44-501998 

50*815577 

58-176670 

66 -764759 

244 

35-435356 

40*351689 

46-094880 

52-810555 

60-669959 

69 -S 74.354 

25 

36-459264 

41-645908 

47-727098 

54-864512 

* 

63*249037 

73-105939 


3K2 
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The Third Table op Compoditd Interest — continued. 

The Amount of One Pound per Annum in any Number of Years, See. 


Years 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent. 

25^ 

37*498417 

42-965757 

49*399624 

56-979189 

65-916856 

76-464302 

26 

38-553042 

44 *311744 

51-113453 

59*1 56382 

68-676470 

79*954415 

261 

39*623369 

45-684387 

52*869605 

61 -397940 

71 -531036 

83*581446 

27 

40-709633 

47*084214 

54*669126 

63*705765 

74-483823 

87-350768 

271 

41*812070 

48-511763 

56-513086 

66-081817 

77-538209 

91 -267962 

28 

42-930922 

49-967582 

58*402582 

68-528111 

80-697690 

95*338829 

281 

44*066433 

51 -452233 

60-.338740 

71-046726 

83*965884 

99-569399 

29 

45*218850 

52*966286 

62*322711 

73-639798 

87-346529 

103-965936 

291 

46*388425 

54*510323 

64-355677 

76-309529 

90-843495 

108*534951 

30 

47-575415 

56-084937 

66-438847 

79-058186 

94-460786 

113-283211 

30i 

48-780078 

57-690735 

68*573461 

81*888101 

98*202540 

118*217747 

31 

50-002678 

59*328335 

70-760789 

84*801677 

102-073041 

123 -.345868 

311 

51 *243481 

60*998365 

73-002134 

87*801387 

106-076718 

128-675167 

32 

52*502758 

62-701468 

75*298829 

90-889778 

110*218154 

134*213537 

32i 

53-780785 

64*438300 

77*652241 

94*069470 

114-502088 

139*969180 

33 

55-077841 

66*209527 

80*063770 

97-343164 

118-933425 

1 45-950620 

33i 

56-394209 

68*015832 

82-534853 

100-713639 

123-517234 

152-1 66715 

34 

57-730176 

69-857908 

85-066959 

104-183754 

128-258764 

158-626670 

341 

59*086035 

71-736465 

87-661596 

107-756457 

133-163441 

165-340052 

35 

60-462081 

73-652224 

90-320307 

111-434779 

138*236878 

172-316803 

351 

61-858616 

75-605923 

93-044675 

115-221844 

143*484882 

179-567256 

36 

63-275944 

77-598313 

95-836322 

119-120866 

148-913459 

187-102147 

361 

64-714374 

79-630160 

98-696909 

123-135155 

154-528824 

194-932637 

37 

66-174222 

81*702246 

101*628138 

127-2681 18 

160-337402 

203-070319 

37^ 

67-655806 

83-815367 

104-631755 

131-523264 

166-345841 

21 1 -527248 

38 

69-159449 

85-970336 

107-709545 

135*904205 

172-561020 

220-315945 

381 

70-685480 

88-167982 

110*863342 

140*414660 

178-990050 

229-449428 

39 

72-234232 

90-409149 

114-095023 

145-058458 

185-640291 

238-941221 

391 

73-806044 

92-694701 

117-406510 

149*839540 

192*519354 

248*805382 

40 

75-401259 

95-025515 

120*799774 

154-761965 

199*635111 

259-056518 

401 

77 -020226 

97-402489 

124*276835 

159*829912 

206-995708 

269-709812 

41 

78-663297 

99-826536 

127-839762 

165*047683 

214*609569 

280*781040 

411 

80*330832 

102-298588 

131-490677 

170*419707 

222*485408 

292*286597 

42 

82*023196 

104*819597 

135-231751 

175-950544 

230*632239 

304-243523 

421 

83-740757 

107-390532 

139-065211 

181 *644890 

239*059387 

316-669525 

43 

85-483892 

110-012381 

142-993338 

187*507577 

247-776496 

329-583005 

431 

87-252980 

112*6861 53 

147*01 8471 

193-543583 

256-793544 

343-003087 

44 

89*048409 

115*412876 

151 *143005 

199-758031 

266-120851 

356-949645 

441 

90*870570 

118-193599 

155-369395 

206-156198 

275-769092 

371 -443334 

45 

92-719861 

121-029392 

159-700155 

212-743513 

285-749310 

386-505617 

451 

94*596687 

123-921343 

164-137865 

219-525570 

296-072928 

402*158801 

46 

96-501457 

126-870567 

168-685163 

226-508124 

306-751762 

41 8*426066 

461 

98-434587 

129-878197 

173-344758 

233*697104 

317*798033 

435*331505 

47 

100-396500 

132-945390 

178-119421 

241 -098612 

329*224385 

452*900152 

471 

102-387625 

136073325 

183-011996 

248*718930 

341 *043896 

471-158026 

48 

104-408395 

1 39*263206 

188-025392 

256-564528 

353-270093 

490*1 32164 

481 

106-459254 

142-516258 

193-162596 

264*642066 

365*916969 

509-850668 

49 

108*540647 

145-833734 

198-426662 

272*958400 

378 *998999 

530-342737 

491 

110-653031 

149-216908 

203-820725 

281*520590 

392 *531156 

551 -638721 

50 

112-796867 

152-667083 

209-347995 

290-335904 

406*528929 

573-770156 
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The Third Table of Compound Interest-— conft'wwee/. 

The Amount of One Pound per Annum in any Number of Years, &c. 


Years 

3 p>er Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent. 

50J 

51 
51| 

52 
52| 

114*972622 

117*180773 

119*421801 

121*696196 

124*004455 

156*185585 
159-773767 
163 -433008 
167*164717 
170-970329 

215-011762 

220-815395 

226-762350 

232-856165 

239-100467 

299-411826 

308-756058 

318-376535 

328-281422 

338-479127 

421 -008337 
435*985954 
451*478921 
467*504971 
484-082445 

596-769819 

620-671768 

645-511405 

671-325510 

698-152317 

53 
531 

54 
54. 

55 

126*347082 

128*724589 

131*1.37494 

133-586326 

136*071619 

174-851306 
178 -809142 
182-845358 
186-961507 
191-159173 

245-498973 

252-055491 

258*773922 

265-658265 

272-712618 

348-978307 

359-787875 

370-917006 

382-375148 

394-172026 

501 -230319 
518-968217 
537-316441 
556-295992 
575-928592 

726*031551 

755-004502 

785-114075 

816-404863 

848-923201 

55^ 

56 
561 

57 
57^ 

138-593916 
141 -153768 
143-751734 
146-388381 
149-064286 

195-439968 

199-805539 

204-257567 

208-797761 

213-427869 

279*941178 

287-348249 

294-938237 

302-715661 

310-685149 

406-317657 

418-822348 

431-696716 

444-951689 

458-598519 

596-236711 
617*243594 
638-973281 
661 -450645 
684*701411 

882-717252 

917-837057 

954-334632 

992-26402--' 

1031-681403 

' 58 
58i 

59 
59J 

60 

151 -780032 
154 -536214 
157-333433 
160-172301 
163-053436 

218-149672 

222-964984 

227-875658 

232-883583 

237-990685 

318-851444 

327-219407 

335-794017 

344-580377 

353-583717 

472-648790 

487-114430 

502-007717 

517-341296 

533-128180 

708-752190 
733-630510 
759 -364844 
785-984645 
813-520383 

1072-645143 

1115-215915 

1159-456755 

1205-433188 

1253-213295 

60i 

61 

61?, 

62 

62^ 

165-977470 
168-945039 
171 -956794 
175-013391 
178-115498 

243-198927 
248-510312 
253 -926884 
259-450725 
265-083959 

362-809396 
372-262903 
381-949866 
391 -876048 
402-047359 

549-381774 
566-115871 
583-344680 
601 -082824 
619-345361 

842-003571 

871-466810 

901-943821 

933-469486 

966-079888 

1302-867843 
1354-470359 
1408-097271 
1463-827988 
1521 -745052 

63 

em 

64 
64.J 

65 

181-263792 

184-458963 

187-701706 

190-992732 

194-332757 

270-828754 

276-687318 

282-661904 

288-754810 

294-968380 

412-469851 
423-149727 
434 -093343 
445-307214 
456-79801 1 

638-147793 

657-506083 

677-436661 

697-956448 

719-082860 

999-812350 
1034-705480 
1070-799215 
1 108-134864 
1146-755160 

1581-934227 

1644*484656 

1709*488965 

1777-043429 

1847*248082 

65J 

66 

661 

67 

67J 

197-722513 
201-162740 
204-6541 89 
208-197622 
211-793815 

301 -305003 
307-767115 
314-357203 
321 -077800 
327-931491 

468-572574 

480-637911 

493-001203 

505-669807 

518-651263 

740-833835 

763-227832 

786-283865 

810-021502 

834-460897 

1186-704304 

1228-028021 

1270-773606 

1314-989983 

1360-727758 

1920-206903 

1996-027929 

2074-823456 

2156*710163 

2241-809332 

68 

68.| 

69 
69J 

70 

215-443551 
219*147629 
222 *906858 
226*722058 
230-594063 

334-920912 
342*048751 
349-317748 
356 -730701 
364-290458 

531-953297 

545-583826 

559-550962 

573-863018 

588-528510 

859-622792 

885-528550 

912-200160 

939-660263 

967-932169 

1408-039282 

1456-978701 

1507-602032 

1559-967211 

1614-134174 

2330-246976 

2422-154079 

2517-666734 

2616-926405 

2720-080073 

70^ 

71 

7H 

72 
72| 

234-523720 
238-511885 
242 -559431 
246-667242 
250-836214 

371-999929 

379-862077 

387-879926 

396-056560 

404-395123 

603-556169 
61 8-954936 
634-733977 
650-902683 
667-470676 

997-039879 

1027*008099 

1057*862272 

1089*628585 

1122-334008 

1670*164915 

1728*123566 

1788*076459 

1850*092216 

1914*241812 

2827-280518 

2938-686479 

3054-462959 

3174-781398 

3299-819996 

73 

74 
74^ 

75 

255-067259 

259-361301 

263-719277 

268-142140 

272-630855 

412*898822 
*121 -570928 
430-414775 
439-433765 
448-631366 

684-447817 

701-844210 

719-670208 

737-936420 

756-653718 

1156*006300 

1190*674049 

1226*366679 

1263*114492 

1300-948679 

1980-598671 

2049-238738 

2120*240578 

2193-685450 

2269*657418 

3429-763909 

3564-805596 

3705-145022 

3850-990043 

4002-556624 
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COMPOUND INTEREST TABLER 


Affekdix. 


The Third Table of Compound Interest*— c(m<*n«cc?. 


The Amount of One Pound per Annum in any Number of Years, &c. 


Years. 

3 per Cent, 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent, 

8 per Cent. 

75^ 

76 
76i 

77 
771 

277*186404 
281 *809781 
286*501996 
291 *264074 
296-097056 

458-011116 

467-576621 

477-331560 

487279686 

497-424823 

775-833241 

795-486404 

815-624903 

836-260724 

857-406149 

1339-901 361 
1380-005600 
1421-295443 
1463-805936 
1507-573170 

2348 *243432 
2429*533437 
2513*620472 
2600*600778 
2690*573905 

4160*069247 
4323 *761154 
4493*874786 
4670*662046 
4854*384769 

78 
78i 

79 
79^ 

80 

301 *001996 
305-979968 
31 1 *032056 
316*159367 
321-363018 

507-770873 
518-321816 
529-081708 
540-054688 
551 -244976 

879-073760 \ 1552-634292 
901 -276456 jl 599-027560 
924-027448 ;1646-7923S0 
947-340279 il695 -969214 
971-228821 4746-599891 

2783-642833 
2879-914078 
2979-497831 
3082 -508064 
3189062679 

5045*315010 

5243*735551 

5449*940211 

5664*234395 

5886*935428 

80^ 

81 

8U 

82 

82,J 

326*644148 

332*003909 

337*443472 

342*964026 

348*566776 

562-656876 

574-294775 

586-163151 

598-266566 

610-609677 

995-707293 ' 1798 -727367 
1020-790262 j 1852-395884 

1 046 -492658 1 1 907 '651 009 
1072-829775 1964-539637 
1099-817290 j2023-l 10069 

3299-283628 
3413-297067 
3531 -233482 
3653-227861 
3779-419826 

6118*373147 

6358-890262 

6608*842999 

6868*601483 

7138*550438 

83 
83| 

84 
84^ 

85 

354-252947 

360-023780 

365-880535 

371-824493 

377-856951 

623*197229 

636*034064 

649*125118 

662*475427 

676*090123 

1127-471264 '2083-412016 
1155-808155 2145-496673 
1184-844827 2209 416737 
1214-598563 2275-226474 
1245-087068 2342-981 741 

3909-953812 

4044-979214 

4184-650579 

4329-127759 

4478-576119 

7419-089602 
7710-634474 
8013-616770 
8328 -485232 
8655-706112 

85J 

86 

864 

87 

874 

383-979228 

390-192660 

396-498605 

402-898440 

409-393563 

689-974444 
704-133728 
718-573422 
733-299077 
748 -316358 

1276-328491 ;2412-740062 
1308-341422 2484-560645 
1341 -144916 2558-504466 
1374-758493 2634-634284 
1409-202161 |2713-014734 

4633-166702 

4793-076448 

4958-488372 

5129-591799 

5306-582558 

8995-764050 
9349-162600 
9716-425174 
10098-095609 
10494-7391 88 

88 

884 

89 
894 

90 

415-985393 

422-675370 

429-464955 

436-355631 

443-348903 

763-631040 

779-249013 

795-176282 

811-418973 

827-983333 

1444-496418 2793-712341 
1480-662269 2876-795618 
1517-721238 2962-335082 
1555-695383 .3050-403355 

1 594 -607300 , 31 41 -0751 87 

5489-663225 
5679043337 
5874-939651 
6077-576370 
6287-1 85426 

10906-943257 

11335-318323 

11780-498718 

12243-143789 

12723-938615 

904 

91 

914 

92 

924 

450-446300 

457-649370 

464-959689 

472-378851 

479-908480 

844-875732 
862-102667 
879-670762 
897 -586773 
915-857592 

1634-480152 .3234-427556 
1675-337665 '3330-539698 
1717-204160 ,3429-493210 
1760-104549 3531-372080 
1804-064368 .3636-262802 

6504*006716 

6728*288406 

6960*287186 

7200*268595 

7448*507289 

13223*595292 

13742-853705 

14282*482916 

14843*282001 

15426*081549 

93 

934 

94 

944 

95 

487-550217 

495-305734 

503-176723 

511-164906 

519-272025 

934-490244 

953*491896 

972*869854 

992*631572 

1012*784648 

1849-109776 .3744-254405 
1895-267586 3855-438571 
1942-565265 3969 909669 
1991 030965 ;4087-764885 
2040-693528 4209-104249 

7705*287.^96 
7970*902800 
8245 ‘657J1 ‘I 
8529*865996 
8823-853540 

16031-744561 
16661 -168073 
17315-284126 
17995-061519 
18701-506856 

954 

96 
964 

97 

974 

527 -499853; 1 033 336834 
535 -8501 86 ! 1 054 -296034 
544-3248491075-670308 
552-925692 1097-467875 
561 -654594 11 19-697120 

2091-582514 ,4334-030778 
2143-728205 '4462-650504 
2197-161639 4595072625 
2251 -914615 '4731 -409534 
2308 019721 |4871 -776982 

9127 -95661 5 I 1 9435 -666440 
9442 -523288|201 98-627405 
9767 -91 3579 20991 -51 9756 
10104-499918 21815-517597 
10452-667529 22671 -841336 

98 
984 

99 

994 

100 

570-51 3462| 1 1 42 -366590 
579-504232| 1165 -485005 
588 -628866, 1 1 89 -061 254 
597-8893S9;i21 3-104405 
607 -287732 1 237 -623704 



2.365-510346 |5016-294106 
2424-420708 5165 08.3601 
2484-785863 j5318-271753 
2546-641743 |5473-988617 
2610 025156 .5638-368058 

1 

10812 *81 491 2 I 2356 I *759005 
11185 -354256I24486 *588643 
I1570'711956j25447*699726 
1 1 969 *3290541 26446 *5 1 5734 
1 238 1 *661 793j27484 *51 5704 
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The Fourth Table of Compound Interest. 


ITie present Value of One Pound per Annum for any Number of Years to come, &c. 


YearsJ 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent 

8 per Cent. 

1 

•489024 

•485483 

•481998 

•478568 

-475193 

•471869 

1 

•970873 

■961538 

•952380 

-943396 

•934579 

•925925 


1 *445654 

1-42S349 1 

1-411427 

1-394876 

1 -378685 

1-362842 

2 

1-913469 

1-886094 

1-859410 

1 -833392 

1-808018 

1 -783264 

21 

2*374421 

2-334951 

2-296597 

2-259317 

2-223070 

2-187816 

3 

2*828611 

t 

2-775091 j 

2-723248 

2-673011 

2-624316 ! 

2-577096 


3-276137 

3-206683 

3-139616 

3-074827 

3-012215 

2-951682 

4 

3-717098 

3-629895 • 

3*545950 

3-465105 

3-387211 

3-312126 


4-151589 

4-044888 

. 3-942491 

3-844177 

3-749733 

3-658964 

5 

4-579707 

4-451822 

4-329476 

4-212363 

4-100197 

3-992710 

5i 

5-001543 

4-850854 

4-707135 

4-569978 

4-439003 

4-313856 

6 

5-417191 

5-242136 

5-075692 

4-917324 

4-7665.39 

4-622879 

6i 

7 

5-826741 

5-625821 

5-435366 

5 -254696 

5 -0831 SO 

4-920237 

6-230282 

6-002054 

5-786373 

5-582381 

5-389289 

5-206370 

7^ 

6-627904 

6-370981 

6-128920 

5-900657 

5-685215 

5-48)701 

8 

7-019692 

6-732744 

6-463212 

6-209793 

5-971298 

5-746638 

H 

7-405732 

7-087482 

6-789448 

6-510053 

6-247865 

6-001575 

9 

7-786108 

7-435331 

7-107821 

6-801692 

6-515232 

6-246887 


8-160905 

7-776425 

7-418522 

7-084956 

6'773705 

6-482940 

10 

8 -530202 

8-110895 

7-721734 

7-360087 

7 -023581 

6-710081 

loj 

11 

8-894082 

8 -4388 70 

8-017640 

7-627317 

7-265145 

6*928648 

9-252624 

8-760476 

8-306414 

7-886874 

7-498674 

7-138964 

111 

9-605905 

9-075837 

8-588228 

8-138978 

7-724435 

7-3-11340 

12 

9*954003 

9-385073 

8-863251 

8-383843 

7-942686 

7 -536078 

i-ji 

10-296995 

9-688305 

9-131646 

8-621678 

8*153677 

7-723463 

13 

10-634955 

9-985647 

9-393572 

8-852682 

8-357650 

7-903775 

13' 

10-967956 

10-277216 

9-649187 

9*077054 

8-554838 

8-077281 

14 

11-296073 

10-563122 

9-898640 

9-294983 

8-745467 

8 -244236 

14> 

11-619375 

10-843477 

10-142082 

9-506655 

8-929756 

8-404890 

15 

1 1 -937935 

11-118387 

10-379658 

9-712248 

9-107914 

8-559478 

15^ 

16 

12-251821 

11-387958 

i 10-611507 

9-911939 

9-280145 

8-708231 

12-561102 

1 1 -652295 

I 10-837769 

10-105895 

9-4-16648 

8-851369 

16.1 

12-865845 

11-911499 

i 1 1 *058578 

10-294282 

9-607612 

8-989103 

17 

13-166118 

12-165668 

j 11-274066 

10-477259 

9-763222 

9-121638 

17^ 

13-461986 

12-414902 

1 11-484360 

10-654983 

[ 9-913656 

9-249169 

18 

13-753513 

12-659296 

i 11-689586 

10-827603 

i 10.059086 

9-371887 

181 

14-040763 

12-898945 

1 11-889867 

10-995267 

i 10-199679 

9-489971 

19 

14-323799 

13-133939 

1 12-085320 

11-158116 

1 10-335595 

9-603599 

19.J 

14-602682 

13-364370 

1 12-276064 

11-316289 

10-466990 

9-712937 

20 

14-877474 

13-590326 

1 12-462210 

11-469921 

10-594014 

9-818147 

201 

15-148235 

13-811894 

j 12-643870 

11-61 9141 

10-716813 

9-919386 

2] 

15-415024 

14-029159 

1 12-82)152 

1 1 -764076 

10-835527 

10-016803 

1 21,‘ 

15-677898 

14-242206 

' 12-994162 

1 1 -904850 

10-950292 

10-110542 

i 99 

15-936916 

14-451115 

i 13-163002 

12-041581 

I 11-061240 

10-200743 

221 

16-192134 

14-655967 

! 13-327773 

12-174387 

j 11-168497 

10-287539 

i 23 

16-443608 

14-856841 

1 13-488573 

12-303378 

j 11-272187 

! 10-371058 

1 23,J 

16-691392 

15-053814 

{ 13-645498 

12-428667 

1 11-372427 

1 10-451425 

24 

16-935542 

15-246963 

! 13-798641 

12-550357 

; 1 1 -469334 

1 10-528758 

24^ 

17-1 76109 

15 436360 

j 13-948094 

12-668553 

i 11-56,3016 

1 10-60.3171 

25 

17-413147 

15-622079 

1 14-093944 

i 

12*783356 

j 11-653583 

i 10-674776 

i 
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The Fourth Table op Compound Interest — continued . 

The present Value of One Pound per Annum for any Number of Years to come, &c. 


Years. 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent. 

25* 

17-646708 

15*804192 

14*236280 

12*894862 

11*741137 

10*743677 

26 

17*876842 

15*982769 

14*375185 

13*003166 

11-825778 

10*809977 

26* 

IS -103600 

16-157877 

14-510742 

13*108360 

11-907604 

10-873775 

27 

18-327031 

16-329585 

14-643033 

13*210534 

11 *986709 

10-935164 

27| 

18-547184 

16-497959 

14-772136 

13-309774 

12-063182 

10-994236 

1 28 

18-764108 

16*663063 

14*898127 

13-406164 

12*137111 

11-051078 

i 28i 

18-977849 

16-824960 

15*021082 

13*499786 

12*208581 

11-105774 

29 

19*188454 

16-983714 

15-141073 

13-590721 

12-277674 

11-158406 

1 29J 

19-395970 

17*139385 

15-258173 

13-679044 

12*344468 

1 1 -2090.50 

1 30 

19*600441 

17-292033 

15*372451 

13*764831 

12*409041 

1 1 -257783 

1 30^ 

19*801912 

17*441716 

15*483974 

13-848154 

12*471465 

11 *304676 

31 

20*000428 

17-588493 

15-592810 

13*929085 

12-531814 

11-349799 

31J 

20-196031 

17-732419 

15-699023 

14-007693 

12*590155 

1 1*393218 

32 

20-388765 

17*873551 

15*802676 

14*084043 

1 2 *646555 

11 *434999 

32J 

20-578671 

18*011942 

15*903831 

14-158201 

12-701079 

1 1 -475202 

33 

20-765791 

18*147645 

16*002549 

14-230229 

12-753790 

11-513888 

33* 

20*950166 

18-280713 

16*098887 \ 

14*300189 

12-804747 

11-551113 

34^ 

21-131836 

18-411197 

16*192904 ’ 

( 14*368141 

12-854009 

1 1 -586933 

341 

21-310841 

18-539147 

16-284654 

M4-43414I 

12*901632 

1 1 -621 401 

35 

21 -487220 

18-664613 

16-374194 

V'498246 

12*947672 

1 

1 1 -654568 

35i 

21-661011 

18-787642 

16-461575 

14^60510 

12-992180 

11-686482 

36 

21-832252 

18-908281 

16*546851 

14-640987 

13*035207 

11-717192 

36* 

22-000981 

19-026578 

16*630072 

14-6 9727 

13-076804 

11-746743 1 

37 

22-167235 

19-142578 

16-711287 

14-736780 

13-117016 

11-775178 

37^ 

22-331050 

19-256325 

16-790545 

14-792195 

13*155891 

1 

1 1 -802540 

38 

22*492461 

19-367864 

16*86’892 

' 14*846019 

13-193473 

1 1 -828868 

! 38J 

22-651505 

19-477236 

16-943376 

14*898297 

13-229805 

1 1 -854203 

, 39 

22-808215 

19*584484 

17-017040 

14-949074 

13-264928 

1 1 -878582 

39j 

22-962626 

19-689650 

17*088929 

14-998393 

13-298883 

1 1 -902040 

i 40 

23-114771 

19-792773 

17*159086 

15*046296 

13*331708 

11-924613 

i 40* 

23-264685 

19-893894 ; 

17-227552 

15*092824 

13*363442 

11-946333 

' 41 

2:3-412399 

19*993051 

17-294367 

15*138015 

13*394120 

11*967234 

i 4*1 

23-557947 

20-090283 

17*359573 

15*181909 

13*423777 

11*987346 

i 49 

23*701359 

20*185626 

17*423207 

15*224543 

13*452448 

12*006698 

1 42' 

23-842667 

20*279118 

17*485308 

15-265952 

13-480166 

12-025320 

1 43 

23*981902 

20*370794 

17*545911 

15-306172 

13-506961 ; 

12*043239 

I 431 

24*119094 

20*460690 

17-605055 

15*345238 

13*532865 

12-060482 

I 44 

24-254273 

20*548841 

17-662773 

15-383182 

13*557908 1 

12-077073 

1 44 ^ 

24-387470 

20-635279 

17*719100 

15*420036 

13-582117 

12*093038 

! 

24-518712 

20-720039 

17-774069 

15-455832 

13*605521 1 

12*108401 

45^ 

24-648029 

20*803153 

17-827714 

15*490600 

13-628147 j 

12*123184 

46* 

24-775449 

20*884653 

17*880066 

15*524369 

13*650020 

12*137408 

46i 

24*900999 

20*964570 

17-931156 

15-557169 

13-671165 

12*151096 

47 

25-024707 

21 '042936 

17-981015 

15-589028 

13-691607 

12-164267 

474 

25*146601 

21 *119779 

18-029673 

15-619971 

13*711369 

12-176941 

48 

25-266706 

21-195130 

18-077157 

15-650026 

13*730474 j 

12*189136 1 

48* 

25-385049 

21 -269018 

18-123498 

15-679218 

13-748943 i 

12-200871 1 

49 

25-501656 

21-341472 

18-168721 

15-707572 

13-766798 

12*212163 1 

491 

25-616553 

21-412518 

18-212855 

15-735111 

13-784059 i 

12*223029 i 

50 

25-729763 

21-482184 

18-255925 

15-761860 

13*800746 1 

12-233484 1 
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The Fourth Table of Compound Interest — continued . 

'Hie present Value of One Pound per Annum for any Number of Years to come, &c. 


Years. 

3 per Cent. 

4 per Cent. 

S per Cent. 

6 per Cent. 

7 per Cent. 

8 per Cent. 

SOI 

25-841313 

21 -550498 

18-297957 

15-787841 

13*816878 

12*243545 

51 

25-951227 

21-617485 

18*338976 

15*813076 

13-832473 

12*253226 

54 

26-059528 

21*683171 

18*379007 

15*837586 

13-847549 

12*262542 

52 

26*166239 

21-747581 

18*418072 

15-861392 

13-862124 

12-271506 

521 

26-271386 

21*810741 

18*456197 

15-884515 

13*876214 

12-280131 

53 

26-374990 

21 *872674 

18-493402 

15-906974 

13-889835 

12*288431 

53J 

26-477074 

21 *933405 

18*529711 

15*928788 

13-903004 

12-296418 

54 

26-577660 

21-992956 

18-565145 

15-949975 

13-915734 

12*304103 

541 

26-676771 

22-051351 

18-599725 

15*970554 

13*928041 

12*311498 

55 

26-774427 

22*108612 

18-633471 

15-990542 

13-939938 

12-318614 

55* 

26-870651 

22-164760 

18-666405 

16-009957 

13-951440 

12-325461 

56 

26*965463 

22-219819 

18-698544 

16*028814 

13-962559 

12*332050 

56‘ 

27-058884 

22-273808 

18*729909 

16-047129 

13-973308 

12*538390 

57 

27-150935 

22 -326749 

18-760518 

16*064918 

13*983700 

12*344490 

575 

27-241635 

22-378662 

18-790390 

16-082197 

13-993746 

12-350361 

58 

27-331005 

22-429566 

18*819541 

16*098980 

14-003458 

12-356010 

58k 

27-419063 

22-479482 

18-847990 

16-115280 

14-012847 

12-361445 

59 

27 -505830 

22-528429 

18-875754 

16-131113 

14-021923 

12-366675 

59.i 

27 -591324 

22-576425 

18-902848 

16-146491 

14-030*698 

12-371708 

60 

27-675563 

22-623489 

18*929289 

16-161427 

14-039181 

12*376551 

I 

60' 

27-758567 

22*669640 

18-955093 

16-175935 

14-047381 

12-381211 

61 

27-840353 

22-714894 

18-980275 

16-190026 

14-055309 

12*385696 

61' 

27-920939 

22-759269 

19-004851 

16-203712 

14-062973 

12-390011 

62 

28-000342 

22-802782 

19-028834 

16-217005 

14-070382 

12-394163 

62^ 

28-078581 

22-845451 

19*052239 

16-229917 

14-077545 

12-398158 

63 

28-155672 

22-887291 

19-075080 

16-242458 

14-084469 

12*402002 

63S 

28-231632 

22-928318 

19-097370 

16-254639 

14 091163 

12-405702 

04 

28*306478 

22-968549 

19-119123 

16-266470 

14*097635 

12-409261 

64' 

28*380225 

23<X)7998 

19*140352 

16-277961 

14*103891 

12*412687 

65 

28-452891 

23*046681 

19-161070 

16*289122 

14*109939 

12*415983 

65l 

28 *524491 

23-084614 

19*181288 

16-299963 

14-115786 

12-419154 

66 

28 *595040 

23-121809 

19-201019 

16*310493 

14*121438 

12.422206 

66S 

28*664554 

23-158282 

19-220274 

16*320720 

14-126903 

12-425143 

67 

28-733048 

23-1940-17 

19-239066 

16*330653 

14*132185 

12-427969 

67^ 

28*800538 

23-229118 

19-257404 

16*340302 

14*137292 

12*430688 

68 

28-867037 

23-263507 

19-275301 

16-349673 

14*142229 

12-433304 

68.1 

28-932561 

23*297228 

19-292766 

16*358775 

14-147002 

12*435822 

69 

28 -997123 

23-330295 

19-309810 

16-367616 

14-151616 

12*438245 

694 

29-060739 

23*362720 

19*326444 

46-376203 

14-156077 

12*440576 

70 

29-123421 

23*394514 

19-342676 

16*384543 

14-160389 

12*442819 

70l 

29-185183 

23-425692 

19-358518 

16*392644 

14*164558 

12*444978 

71 

29-246040 

23*456264 

19-373977 

16*400513 

14-168588 

12*447055 

74 

29*306003 

23-486242 

19*389064 

16*408155 

14*172484 

12*449053 

72 

29-365087 

23*515638 

19*403788 

16-415578^ 

14-176250 

12-450977 

72| 

29-423304 

23-544464 

19-418157 

16*422788 

14-179891 

12-452827 

73 

29-480667 

23-572729 

19-432179 

16-429790 

14*183411 

] 2 *454608 

731 

29-537188 

23-600446 

19*445863 

16*436592 

14-186814 

12-45632] 

74 

29-592881 

23*627624 

19*459218 

16-443198 

14-190104 

12 457970 

74.J 

29*647756 

23-654275 

19-472251 

16*449615 

14*1 93284 

12-459557 

75 

29-701826 

23-680408 

19-484969 

16-455848 

14-196359 

12-461083 
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The Fourth Table op Compound Interest — continued . 


The present Value of One Pound per Annum for any Number of Years to come, &c. 


Years. 

3 per Cent. 

1 

4 per Cent 

5 per Cent. 

6 per Cent 

7 per Cent. 

8 per Cent. 

751 

29-755103 

23 -706033 

19*497382 

16*461 901 

14*199331 

12*462553 

76 

29-807598 

23-731161 

19-509495 

16-467781 

14*202204 

12*463966 

761 

29-859323 

23-755801 

19-521316 

16*473492 

14-204982 

12-465326 

77 

29-910289 

23-779963 

19-532852 

16-479038 

14-207668 

12*466635 

77' 

29-960508 

33*803655 

19-544110 

16*484426 

14*210264 

12-467895 

78 

30-009989 

23-826887 

19-555097 

16-489659 

14*212774 

12-469107 

781 

30-058745 

23-849668 

19-565819 

16*494741 

14-215200 

12-470273 

79 

.30-106786 

23-872007 

19-576283 

16-499678 

14-21 7545 

12-471395 

79^ 

30-154122 

23-893912 

19-586495 

16-504473 

14-219813 

12-472475 

80 

30-200763 

23-915391 

19-596460 

16-509130 

14*222005 

12-473514 

801 

30-246720 

23-936454 

19-606185 

16-513654 

14-224124 

12-474514 

81 

30*292003 

23-957107 

19-615676 

16-51 8047 

14*226173 

1 2-475476 

811 

30-336621 

23*977359 

19-624938 

16-522315 

14-228153 

12-476402 

82 

30-380585 

23-997218 

19-633977 

16-526460 

14*230068 

12*477292 

821 

30-423904 

24-016692 

19-642798 

16-530486 

14*231919 

12*478150 

83 

30-466588 

24-035787 

19-651407 

16-534396 

14-233708 

12-478974 

831 

30*508645 

24-054511 

19-659808 

16-538194 

14*235438 

12-479768 

84 

30-550085 

24-072872 

19-668007 

16-541883 

14-237111 

12-480532 

841 

30-590917 

24 090876 

1 9-676008 

16-545466 

14-238727 

12-481267 

85 

30-631 151 

24-108531 

19-683816 

16-548946 

14-240290 

12*481974 

851 

30-670794 

24*125842 

19-691436 

16-552326 

14'241801 

12-482654 

86“ 

30-709855 

24-142818 

1 9-698872 

16-555610 

14-243262 

12-483309 

861 

30-748343 

24-159464 

19-706129 

16-558798 

14-244674 

12-483939 

87 

30-786267 

24-175786 

19-713212 

16-561896 

14-246039 

12-484545 

871 

30-823634 

24-191792 

19-720123 

16-564904 

14-247359 

12-485129 

88 

30-860453 

24-207487 

1 9-726868 

16-567826 

14-248685 

12-485690 

881 

30-896732 

24-222877 

19-733451 

16-570664 

14*249868 

12-486230 

89 

30-932479 

24-237968 

19-739874 

16-573421 

14-251060 

12-486750 

891 

30-967701 

24-252766 

19-746143 

16-576098 

14-252213 

12-487250 

90 

31 -002407 

24-267277 

1 9-752261 

16-578699 

14-253327 

12*487732 

901 

31 -036603 

24-281506 

1 9-758232 

16-581225 

14-254405 

12*488195 

91 

31 -070298 

2-3 -295459 

19-764058 

16*583678 

14-255446 

12*488640 

911 

31-103498 

24-309140 

19-769744 

16-586061 

14*256453 

12*489069 

92 

31-136211 

24-322556 

19-775294 

16-588376 

14*257426 

12*489482 

921 

31 -168445 

24-335712 

19-780709 

16*590624 

14-258367 

12*489879 

93 

31 -200205 

24-348612 

19-785994 

16*592807 

14-259277 

12*490261 

931 

31 -231500 

24*361261 

19-791151 

16-594928 

14*260156 

12*490628 

94 

31 -262335 

24-373665 

19-796185 

16-596988 

14-261006 

12*490982 

941 

31-292718 

24*385828 

19-801097 

16*598989 

14-261828 

12-491323 

95 

31-322655 

24-397755 

19*805890 

16*600932 

14-262623 

12-491650 

95,| 

31-352154 

24-409450 

19-810568 

16*602819 

14-263391 

12*491965 

96' 

31-381219 

24*420918 

19-815133 

16-604653 

14-264133 

12-492269 

96l 

31 -409858 

24*432164 

19-819589 

16*606433 

14-264851 

12-492560 

97 

31 -438077 

24-443191 

19-823937 

16*608163 

14-265545 

12*492841 

971 

31 -465881 

24-454004 

19-828180 

16-609843 

14-266216 

12*493111 

98 

31-493278 

24*464606 

19-832321 

16-611474 

14*266865 

12-493372 

981 

31 -520273 

24-475003 

19-836362 

16-613059 

14-267492 

12-493622 

99 

31 -546872 

24-485198 

19-840305 

16*614599 

14-268098 

12-493862 

994 

31-573081 

24-495196 

19-844154 

16-616094 

14-268684 

12-494094 

100 

31 -598905 

24-504998 

19-847910 

16-617546 

14*269250 

12-494317 

S. F. 

33-333333 

25-000000 

20-000000 

16-666666 

14-285714 

12-500000 
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The Fifth Table of Compound Interest. 

The Annuity which One Pound will purchase for any Number of Years to come, &c. 


Years. 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent 

7 per Cent. 

8 per Cent. 

1 

1-030000 

1 -040000 

1-050000 

1*060000 

1 070000 

1*080000 


*691728 

•700108 

•708502 

•716909 

•725328 

•733760 

2 

•522610 

•530196 

*537804 

•545436 

'553091 

•560769 


■421155 

•428274 

•435426 

-442611 

-449828 

•457076 

3 

•353530 

•360348 

■367208 

•374109 

•381051 

•388033 

3$ 

-305237 

■31 1848 

*318510 

*325221 

•331981 

•338789 

4 

•269027 

*275490 

•28201 1 

*288591 

•295228 

■301920 


•240871 

•247225 

■253646 

*260133 

•266685 

•273301 

5 

•218354 

•224627 

-230974 

*237396 

•243890 

■250456 


•199938 

•206149 

-212443 

•218819 

'225275 

•231811 

6 

•184597 

■190761 

■197017 

*203362 

•209795 

•216S15 


•171622 

•177751 

•183980 

•190305 

•I 96727 

•203242 

7 

•160506 

•166609 

*172819 

•179135 

•1 85553 

• 1 92072 

n 

•150877 

■156961 

■163160 

•169472 

175894 

•182425 

8 

■142456 

•148527 

•154721 

•161035 

■167467 

•174014 

Si 

■135030 

•141093 

•147287 

•153608 

■160054 

•166622 

9 

•128433 

•134492 

■140690 

•147022 

•153486 

•160079 


•122535 

•128593 

•134797 

•141144 

•147629 

■154251 

10 

•117230 

•123290 

•129504 

•135867 

•142377 

•149029 

lOi 

•112434 

•118499 

•124724 

•131107 

•137643 

•144328 

11 

•108077 

•114149 

•120388 

•126792 

•133356 

•140076 

llj 

•I 04 102 

•110182 

•116438 

•122865 

■129459 

•136214 

12 

•100462 

•106552 

■112825 

•119277 

•125901 

•132695 

m 

•097115 

•103217 

•109509 

•115986 

■122644 

•129475 

13 

•094029 

■100143 

■ *106455 

■112960 

■119650 

■126521 

13> 

•091174 

•097302 

■103635 

•110167 

•116892 

•123804 

14 

•088526 

•094668 

•101023 

•107584 

•114344 

•1 21 296 

14J 

-086063 

■092221 

•098599 

*105189 

• 1 1 1 985 

•118978 

15 

•083766 

■089941 

*096342 

•102962 

■109794 

-116829 

15^ 

•081620 

•087812 

•094237 

*100888 

•107756 

•114833 

16 

■079610 

■085820 

•092269 

*098952 

■105857 

■ 1 12976 

16^ 

•077725 

•083952 

•090427 

•097141 

•104084 

•111245 

17 

•075952 

•082198 

■088699 

•095444 

•102425 

•109629 

17i 

■074283 

■080548 

•087074 

*093852 

•100870 

•108117 

18 

•072708 

•078993 

•085546 

•092356 

•099412 

•106702 

181 

-071221 

•077525 

■084105 

•0909'! 8 

•098042 

■105374 

19 

•069813 

•076138 

•082745 

•089620 

•096753 

•104127 

19^ 

•068480 

•074825 

•081459 

•088368 

■095538 

•102955 

20 

•067215 

■073581 

•080242 

•087184 

■094392 

•101852 

201 

•066014 

■072401 

•079089 

*086064 

•093311 

•100812 

21 

*064871 

•071280 

•077996 

•085004 

•092289 

•099832 

214 

•063784 

•070213 

•076957 

■083999 

■091321 

•098906 

22 

-062747 

•0691 98 

*075970 

■083045 

•090405 

•098032 

224 

•061758 

•068231 

•075031 

•082139 

■089537 

■097204 

i 23 

•060813 

■067309 

•074136 

*081278 

■088713 

•096422 

1 234 

-05991 1 

•066428 

•073284 

•080459 

•087931 

•095680 

i 24 

•059047 

•065586 

•072470 

•079679 

•087189 

•094977 

1 244 

•058220 

•064782 

•071694 

*078935 

•086482 

' -094311 

j 25 

057427 

•064011 

•070952 

■078226 

•085810 



•093678 



876 


COMPOUND INTEREST TABLES. 
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The Fifth Table of Compound Interest — continued . 


The Annuity which One Pound will purchase for any Number of Years to come, &c. 


Years 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent 

8 per Cent 

2Si 

•056667 

*063274 

•070243 

077550 

085170 

•093078 

26- 

•055938 

•062567 

•069564 

•076904 

•084561 

092507 

26* 

•055237 

•061889 

•068914 

•076287 

•083979 

•091 964 

27 

•054564 

■061238 

•068291 

•075697 

•083425 

•091448 

27| 

•053916 

•060613 

•067695 

-075132 

■082896 

•090956 

28 

*053293 

•060012 

•067122 

-074592 

•082391 

•090488 

28* 

•052693 

•059435 

.•066573 

074075 

*081909 

•090043 

29 

•052114 

•058879 

•066045 

073579 

'081448 

•08961 8 

29* 

•051557 

•058345 

065538 

073104 

'081007 

•089213 

30 

•051019 

•057830 

•065051 

•072648 

•080586 

-088827 

30* 

•050500 

•057333 

•064582 

•07221 1 

•080183 

088458 

31 

•049998 

•056855 

•064132 

•071792 

079796 

•088107 

31* 

•049514 

•056393 

■063698 

•071389 , 

-079427 

087771 

32 

•049046 

•055948 

•063280 

•071002 

•079072 

•087450 

32.^ 

•048594 

•055518 

■062877 

■070630 

•078733 

•087144 

33 

•048156 

•055103 

-062490 

070272 

•078408 

086851 

331 

•047732 

•054702 

•0621 1 6 

•069929 

078096 

086571 

34 

•047321 

•054314 

■061 755 

069598 

•077796 

•086304 

341 

•046924 

053939 

•061407 

•069280 

077509 

086048 

35 

•046539 

053577 

« 

•061071 

•068973 

077233 

•085803 

354 

•046165 

•053226 

060747 

•068678 

076969 

•085568 

36 

•045803 

•052886 

•060434 

068394 

•076715 

•085344 

36* 

•045452 

•052558 

•060132 

*068121 

076471 

085129 

37 

•0451 1 1 

052239 

•059839 

*067857 

•076236 

084924 

37* 

•044780 

051 930 

•059557 

•067603 

07601 1 

•084727 

38 

•044459 

•051631 

•059284 

067358 

•075795 

•084538 

38* 

•044147 

051341 

•059020 

•067121 

•075586 

084358 

39 

•043843 

•051060 

058764 

•066893 

•075386 

084185 

39* 

•043549 

•050788 

•058517 

•066673 

*075194 

•08401 9 

40 

•043262 

•050523 

•058278 

*066461 

•075009 

•083860 

4C« 

*042983 

050266 

•058046 

•066256 

‘074831 

•083707 

41 

•042712 

•050017 

•057822 

•066058 

•074659 

•083561 

41* 

■042448 

•049775 

•057605 

•065867 

*074494 

•083421 

42 

•042191 

•049540 

057394 

•065683 

•074335 

■08.3286 

42* 

•041941 

•049311 

057190 

•065505 

•074183 

-083157 

43 

-041698 

•049089 

056993 

■065333 

•074035 

-083034 

43* 

•041460 

-048874 

■056801 

•0651 66 

•073894 

•082915 

44 

•041229 

■048664 

•056616 

•065006 

•073757 

•0*82801 

44* 

•041004 

•048460 

*056436 

•064850 

•073626 

•082692 

45 

•040785 

*048262 

'056261 

•064700 

•073499 

082587 

45* 

•040571 

•048069 

056092 

•064555 

•073377 

•082486 

48 

•040362 

•017882 

055928 

■064414 

•073259 

*082389 

46* 

■040159 

047699 

•055768 

•064279 

073146 

•082297 

47 

■039960 

•047521 

055614 

064147 

•073037 

•082207 

47* 

•039766 

•047348 

055464 

•064020 

072932 ' 

•0821 22 

48 

•039577 

•047180 

•055318 

•063897 

072830 

•082040 

48* 

■039393 

■047016 

•0551 76 

•063778 

072732 

•081961 

49 

•039213 

•046857 

•055039 

•063663 

•072638 

•081885 

49* 

•039037 

•046701 

054906 

•063552 

•072547 

•081812 

50 

•038865 

*046550 

•054776 

•063444 

*072459 

*081742 
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The Fifth Table op Compound Interest continued . 


The Annuity which One Pound will purchase for any Number of Years to come, &c. 


Years 

3 per Cent. 

I ■ — 

j 4 per Cent. 

5 per Cent. 

j 6 per Cent. 

7 per Cent. 

8 per Cent. 

50^ 

•038697 

•046402 

1 -054650 

■063339 

•072375 

•081675 

51 

•038533 

•046258 

■054528 

•063238 

•072293 

•081611 

5 U 

•038373 

•046118 

■054409 

-063140 

•072214 

•081 549 

52 

•038217 

•045982 

■054294 

•063046 

•072139 

•081489 

521 

•038064 

■045848 

■054182 

•062954 

-072065 

■081432 

5S 

-037914 

•045719 

•054073 

•062865 

•071995 

-081377 

531 

•037768 

•045592 

■053967 

■062779 

•071926 

•081324 

54 

•037625 

•045469 

•053864 

•062696 

■071861 

•081273 

54^ 

•037485 

•045348 

■053764 

•062615 

•071797 

-081224 

55 

•037349 

•045231 

•053666 

•062536 

•071736 

■081177 

55^ 

•037215 

■045116 

•053572 

•0624^ 

•071 677 

•081132 

56 

*037084 

•045004 

-053480 

-062387 

•071 620 

•081089 

56J 

•036956 

•0448 a5 

•053390 

•062316 

-071565 

•081047 

57 

-036831 

•044789 

•053303 

•062247 

■071511 

■081007 

57> 

•036708 

■044685 

•053218 

■062180 

■071460 

■080969 

58 

•036588 

-044584 

-053136 

■062115 

■071410 

•080932 

58J 

•036470 

•044485 

•053056 

•062052 

•071363 

-080896 

59 

•036355 

■044388 

•052978 

061992 

•071316 

•080862 

59J 

•036243 

•044293 

•052902 

•061932 

•071272 

•080829 

60 

•0361 32 

•044201 

•052828 

061875 

•071229 

•080797 

60J 

■ 036 Cm 

•0441 1 1 

•052756 

•061820 

071187 

•080767 

61 

•035919 

•044023 

•052686 

•061766 

•071147 

•080738 

61^ 

•035815 

•043938 

•05261 8 

061714 

•071108 

•080710 

62 

•035713 

•043854 

•052551 

061 663 

071071 

•080683 

62J 

•035614 

•043772 

•052487 

061614 

071035 

•080657 

63 

•035516 

•043692 

*052424 

•061567 

•071000 

•080632 

63J 

•035421 

•043614 

•052363 

•061520 

•070966 

•080608 

64 

•035327 

•043537 

•052303 

■061476 

■070933 

•080584 

64i 

■035235 

•043463 

■052245 

•061432 

•070902 

•080562 

65 

•035145 

■043390 

•052189 

•061390 

070872 

•080541 

654 

•035057 

■043318 

•052134 

•061349 

•070842 

•080520 

66 

•034971 

•043249 

•052080 

•061310 

•070814 

■080501 

664 

-034886 

■043181 

•052028 

•061271 

070786 

■080481 

67 

-034803 

•043114 

•051977 

■061234 

070760 

•080463 

67- 

•034721 

•043049 

•051928 

•061198 

070734 

•080446 

68 

•034641 

■042985 

-051879 

•061 163 

■070710 

•080429 

684 

•034563 

•042923 

-051 832 

■061129 

070686 

•080412 

69 

•034486 

•042862 

•051787 

•061096 

•070663 

•080397 

694 

•034410 

■042803 

-051742 

•061064 

■070641 

■080382 

70 

•034336 

-042745 

•051699 

•061033 

•07061 9 

•080367 

701 

•034263 

■042688 

•051656 

•061002 

•070598 

•080353 

71 

•0341 92 

•042632 

•051615 

•060973 

•070578 

1380340 

714 

•034122 

•042578 

-051575 

■060945 

•070559 

•080327 

72 

•034054 

■042524 

■051 536 

•060917 

•070540 

•080314 

724 

•033986 

•042472 

•051498 

•060891 

•070522 

•080303 

73 

•033920 

■042421 

•051461 

•060865 

070504 

■080291 

734 

•033855 

•042372 

•051424 

■060839 

•070487 

•080280 

74 

•033791 

■042323 

-051 389 

•060815 

■070471 

*080269 

744 

-033729 

•042275 

•051355 

•060791 

•070455 

•080259 

75 

■033667 

■042229 

•051321 

•060768 

■070440 

■080249 
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Appendix. 


Th* Fifth Table of Compoukd Interest — continued. 


The Annuity which One Pound wUl purchase for any Number of Years to come, &c. 


Years. 

3 per Cent. 

4 per Cent. 

5 per Cent. 

6 per Cent. 

7 per Cent 

8 per Cent, 

75J 

•033607 

•042183 

■051288 

•060746 

■070425 

•080240 

76 

■033548 

*042138 

•051257 

•060724 

•07041 1 

•080231 

76i 

•033490 

•042094 

•051226 

•060703 

■070397 

•080222 

77 

•033433 

•042052 

•051195 

*060683 

•070384 

•080214 

77J 

•033377 

•042010 

•051166 

■060663 

■070371 

•080206 

78 

*033322 

■041969 

•051137 

•060644 

•070359 

■080198 

1 

•033268 

•041 929 

•051109 

■060625 

•070347 

•080190 

79 

•033215 

•041890 

•051082 

•060607 

•070335 

•080183 

79j 

•033162 

•041851 

•051055 

•060589 

•070324 

•080176 

I 80 

•033111 

•041814 

•051029 

•060572 

-070313 

•080169 

80i 

•033061 

•041777 

•051004 

•060555 

-070303 

•080163 

81 

•033012 

•041741 

•050979 

•060539 

•070292 

•080157 

8U 

•032963 

•041706 

■050955 

•060524 

•070283 

•080151 

82 

■032915 

•041671 

•050932 

•060509 

•070273 

•080145 

82} 

•032868 

•041637 

•050909 

•060494 

•070264 

•080140 

83 

•032822 

•041604 

•050886 

•060479 

•070255 

•080134 

83} 

•032777 

•041572 

•050865 

•060466 

*070247 

•0801 29 

84 

•032733 

•041540 

•050843 

•060452 

•070238 

•0801 24 

84} 

•032689 

•041509 

•050823 

•060439 

•070230 

•080120 

85 

•039646 

•041479 

•050803 

•060426 

•070223 

•080115 

85} 

•032604 

•041449 

•050783 

•060414 

•070215 

•0801 1 1 

86 

•032562 

•041420 

•050764 

•060402 

■070208 

•080106 

86} 

•032522 

•041391 

•050745 

•060390 

•070201 

•080102 

87 

•032482 

•041363 

•050727 

•060379 

•070194 

•080099 

87} 

■032442 

•041336 

•050709 

•060368 

•070188 

•080095 

88 

•032403 

•041309 

•050692 

■060357 

•070182 

•080091 

88} 

•032365 

•041283 

•050675 

•060347 

•070176 

•080088 

89 

.032328 

•041257 

•050658 

•060337 

•070170 

•080084 

89} 

•032291 

•041232 

•050642 

•060327 

•070164 

■080081 

90 

•032255 

•041207 

•050627 

•060318 

•070159 

*080078 

90} 

•032220 

•041183 

•050611 

•060309 

•070153 

•080075 

91 

•032185 

•041159 

■050596 

•060300 

•070148 

•080072 

91} 

•032150 

•041136 

•050582 

■060291 

•070143 

•080070 

92 

•032116 

•041114 

•050568 

•060283 

•070138 

■080067 

92} 

•032083 

•041091 

•050554 

•060275 

•070134 

•080064 

93 

■032051 

•041070 

■050540 

•060267 

•070129 

•080062 

93} 

•032018 

•041048 

•050527 

•060259 

•070125 

•080060 

94 

•031987 

•041027 

•050514 

•060251 

•070121 

*080057 

94} 

•031956 

•041007 

•050502 

•060244 

•070117 

•080055 

95 

•031925 

■040987 

•050490 

•060237 

■070113 

•080053 

951 

•031895 

•040967 

•050478 

*060230 

■070109 

•080051 

96 

■031866 

•040948 

•050466 

•060224 

•070105 

•080049 

96} 

•031837 

•040929 

■050455 

•060217 

•070102 

•080047 

97 

•031808 

•040911 

•050444 

•060211 

•070098 

•080045 

97} 

■031780 

•040893 

•050433 

•060205 

•070095 

•080044 

98 

■031752 

•040875 

•050422 

■060199 

■070092 

•080042 

98} 

•031725 

•040858 

•050422 

•060193 

•070089 

■080040 

99 

•031698 

•040841 

•050402 

•060188 

■070086 

-080039 

99} 

■031672 

•040824 

•050392 

•0601 82 

■070083 

•080037 

100 

•031646 

•040808 

•050383 

■060177 

■070080 

•080036 

F.S. 

•030000 

•040000 

•050000 

•060000 

•070000 

•080000 
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Table VI. Showing the Value of an Annuity on one Life according to the Probabilities 

of Life in London. 


Age. 

Year’s value at 

Age. 

Year’s value at 

3 per Cent. 

4 per Gent. 

5 per Cent. 

3 per Cent. 

4 per Cent. 

5 per Cent. 



6 

18-8 

16-2 

14-1 

41 

13-0 

11-4 

10*2 

7 

18-9 

16-3 

14-2 

42 

12-8 

11-2 

lO-I 

8 

19-0 

16*4 

14-3 

43 

12-6 

11-1 

10*0 

9 1 




44 

12-5 

no 

9-9 

and > 

19 0 

16-4 

14-3 

45 

12-3 

10-8 

9-8 

10 J 




46 

12-1 

10-7 

9-7 

11 

190 

16-4 

14*3 

47 

11-9 

10-5 

9-5 

12 

18-9 

16-3 

14*2 

48 

11*8 

10-4 

9-4 

13 

18-7 

16-2 

141 

49 

11-6 

10-2 

9-3 

14 

18-5 

16-0 

14*0 

50 

11*4 

10-1 

9-2 

IS 

18*3 

15-8 

13-9 

51 

n-2 

9-9 

90 

16 

18-1 

15-6 

13-7 

52 

11*0 

9-8 

8-9 

17 

17*9 

15-4 

13-5 

53 

10-7 

9-6 

8*8 

18 

17-6 

15-2 

13-4 

54 

10-5 

9*4 

8-6 

19 

17-4 

15-0 

13-2 

55 

10-3 

9-3 

8-5 

20 

17-2 

14-8 

13-0 

56 

101 

91 

8-4 

21 

17-0 

14-7 

12‘9 

57 

9-9 

8-9 

8-2 

22 

16 -8 

14-5 

12-7 

58 

9-6 

8-7 

8-1 

23 

16-5 

14-8 

12*6 

59 

9-4 

8-6 

8-0 

24 

16-3 

14-1 

12*4 

60 

9 ’2 

8-4 

7-9 

23 

16-1 

14-0 

12-3 

61 

8-9 

8-2 

7-7 

26 

15-9 

13-8 

12-1 

62 

8-7 

8-1 

7 6 

27 

15-6 

13-6 

12-0 

63 

8-5 

7-9 

7-4 

28 

15-4 

13-4 

11-8 

64 

8-3 

7-7 

7-3 

29 

15-2 

13-2 

11-7 

65 

8-0 

7-5 

7 1 

30 

15-0 

13 1 

11-6 

66 

7*8 

7-3 

6-9 

31 

14’8 

12-9 

11-4 

67 

7-6 

7*1 

6-7 

32 

14*6 

I 2'7 

11*3 

68 

7-4 

6*9 

6-6 

33 

14-4 

12-6 

11*2 

69 

7-1 

6-7 

6-4 

34 

14-2 

12-4 

11-0 

70 

6-9 

6 5 

6-2 

35 

14-1 

12-3 

10-9 

71 

6-7 

6-3 

60 

36 

13-9 

12-1 

10-8 

72 

6-5 

61 

5-8 

37 

13-7 

11-9 

10-6 

73 

6-2 

5-9 

5-6 

38 

13-5 

11-8 

10-5 

74 

5-9 

5-6 

5-4 

39 

13-3 

11-6 

10-4 

75 

5-6 

5-4 

5-2 

40 

13-2 

11-5 

10-3 
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Table VIII., showing the Value of an Annuity on the longed of two Lives. 
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VALUATION OF PROPERTY. 


Afpendis. 


IV.— VALUATION OF PROPERTY. 

The valuations in which the architect is consulted are properly only those wherein build* 
in^ have been or may be erected ; from which if he wander, the probability is that he will 
create difficulty for himself, tending to exhibit him as a pretender to knowledge not within 
the regiilar course of bis occupation. The general principles, therefore, on which we pro- 
pose to touch, are confined to the species of property above named, as distinguished from 
that in which the resident valuator near the spot in the dififerent provinces is the best 
adviser, from the local knowledge he possesses. The auctioneers who with unblushing 
effrontery pretend to a knowledge of the value of property in the metropolis, are utterly 
incompetent to the duties they undertake, from an ignorance of the durability and cost of 
buildings, which can be attaint by the practice and experience of the architect only. 

Buildings may be so disadvantageously placed on their sites as to realise nothing 
like a proper interest on the money expended in their erection ; and, indeed, so as alto- 
gether to destroy even the great value of the ground on which they are built. Thus, to 
place before the reader extreme cases, which generally best illustrate a subject, let him 
suppose a row of hovels built in Piccadilly, and a house like Apsley House placed in 
Wapping High Street. In both cases the productive value of the ground is destroyed, 
there being no inhabitants for such dwellings in the respective quarters of the town. 

From this it must be evident that the value of town or city property, which consists ’ 
principally of buildings, is divisible into two parts ; namely, — 

That arising from the value of the soil or site ; and 

That which arises from the value of the buildings placed upon it. 

We will suppose for a house which is foirly let at a rent of 100/. per annum, no 
matter what the situation of it be, that it could be built for 1000/., and that the proprietor 
or buHder would be content with 7 per cent, for the outlay of his money, a rate by no 
means larger than he would be entitled to claim, seeing that the letting, after it is built, is 
a matter of speculation, and that loss of tenants and other casualties may temporarily 
deprive him of the interest of his capital. In this case, then, the rent of the mere building 
would be 70/. ; and as the full rent assumed is 100/., 

100— 70s=s30, which is manifestly the value of the ground or ground rent. 

Thus in the cases of valuation of freeholds, wherein the gross rent can be accu- 
rately ascertmned, there can be no difficulty in coming at the real value of the ground rent, 
because the building rent, or that arising from the expenditure of money on the soil, can 
be immediately ascertained by the architect, with the rate of interest on it which it is fit 
the builder should have. The remainder of the rent is that inseparably attached to the value 
of the soil, and belongs to the ground landlord. 

The reason for thus separating the two rents is this : the ground rent, attached as 
it is to the soil, is imperishable. It is true that the value of ground is constantly fluc- 
tuating from the power of fashion over certain localities ; but with this the valuator cannot 
deal. The changes are slow; and the Lord Shaftesbury in the time of Charles II. would 
have little thought it possible, when he placed his residence in Aldersgate Street, that his 
successors would have dwelt iu a house in Grosvenor Square ; neither, even five and twenty 
years ago, did it croi^ the mind of the then possessor of the Grosvenor property that the 
five Fields at Chelsea conUun^ a mine of wealth in the ground rents of Belgrave and 
Eaton Squares. Such are thcSpbutations of property, with which the present question is 
not involved, unless the gift of foresight, in a degree not to be expected, be given to the 
valuator. The other portion of the value of bouse property is strictly the result of the 
perishable part of it, namely, the building itself; and this is limited by the durability of 
the building, which has great relation to the time it has already existed, and to the sub- 
stantiality with which it has been constructed. The durability, then, or the number of 
years a building will continue to realise the rent, is the second ingredient in a valuation, 
and is a point upon which none but an experienced person can properly decide. 

The rate of interest which the buyer is content to obtain in the investment of his 
money in buildings, or, in other words, in the purchase of the perishable annuity arising 
from the building, will necessarily vary with the value of money in the market. In the 
compensation cases under public improvements, wherein it is obligatory on the owner to 
part with his property, the 5 per cent, rate of the table is generally used, by which the 
buyer makes too little interest on the perishable part of the property. Few would be in- 
clined to invest money in such property at so low a rate, for a rent which every year, from 
wear and tear, becomes less valuable. Individuals understanding the subject would 
scarcely be found to purchase, unless they could make at least 7 per cent, for this part of 
the capitaL In the cases above mentioned, twenty-five years* purchase, that is, 4 per cent., 
is the usual price at which the ground rent is taken. 
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We wlU, having thus prepared the student, present an example of a valuation con- 
ducted on the principles named. Thus, suppose a building and the ground on which it 
stands to be together worth 150^. per annum, and that its durability is such that a pur> 
chaser may count on receiving that rent during a term of fifty years. We will suppose 
the house to stand upon a plot of ground 24 feet in frontage, and 60 feet in depth ; that 
the si*e of the house is 24 feet by 40 feet, and that to build a similar one would cost 1440/., 
which, at a rate of 7 per cent, upon the expenditure, would produce a building rent of 
100/. 16c per annum. 

£ s. d. £ s, d. 

Now the total rent being - - - -15000 

The rent arising from the building itself - - 100 16 O 

llie value of the mere ground must be • - - 49 4 0^ 

We therefore here have the imperishable part, x\z. the ground, of the 
value of 49/. 4c. per annum, which, giving the purchaser 4 per cent, 
interest for his money, is twenty-five years* purchase for the fee-simple 
by the Fourth Table, that is - - - - - - 1230 O O 

An annuity (from the building) of 100/. 16c., to continue for fifty years, 
is, by the Fourth Table at 5 per cent., worth 18*256 years’ purchase, 
that is - 1840 0 11 

The value of the old materials at the end of the term, if taken to be 
pulled down and sold for 150/., will be that sum at the end of fifty 
years to be received at the present time, discounting at 5 per cent, 
from the Second Table *1107 X 150 - - - - = 16 12 1 

Total value of the freehold - - . 3086 13 O 

In the above valuation the ground estimated by its frontage would be foot, 

and ground is usually let by the foot when demised for building. 

The next case of valuation is that of a beneficial lease, in which the rent paid by 
the lessee is less than the actual value of the premises. The difference between them, 
therefore, is an annuity for the term of the lease, which is so much benefit to the lessee, 
and is estimated by the Fourth Table ; thus,-— 

Suppose the actual value of given premises be • - • • £100 

Rent reserved by the lessor 50 

Beneficial annuity belonging to the lessee ..... £50 

If the term of the lease be twenty-one years, such is the length of the annuity, and the 
question stands as under : — 

An annuity for twenty-one years, discounting at 5 per cent., is by the Fourth 

Table worth 12*8211 years’ purchase, which multiplied by 50/. = - £641 Is. 

It is to be observed that the annuities must be clear after the deduction of all outgoings 
which may be necessary to keep it unencumbered. 

Let us take another case. 

A. takes a lease of ground at 10/. per annum, and lays out 1000/. on a sixty-one years* 
lease, interest being 3 per cent. How much must he r^^ve as rent to replace the princi- 
pal at the end of the term ? 

lOOOL at 3 per cent. =s:30/. 4- 10/. ground rent=40/. improved rent. 

1/. per annum for sixty-one years at 3 per cent, will amount to 169/. (See Third Table.) 

1000 

Y^~5/. 9*. =:the sum to be l^d out yearly. 

And sot + 51. 9s. —35L 9s., or 3*59, is the rate of interest to secure or replace the princi- 
pal at the end of the term without consideration of repairs, loss of tenants, insurance, &c. 

In the valuation of warehouses, the only safe method of coming at the value of a 
rental is by the quantity of goods or tonnage they will contain, after leaving proper gang- 
ways, and not overloading the floors. In corn warehouses, however, the grain being dis- 
tributed over the surface of the floor, the squares of floor are taken to come at the contents. 
Goods warehoused are paid for to the warehouseman usually at a weekly or monthly rent ; 
and it is commonly considered that the profit he should make ought to be one half of the 
rent he pays to the landlord, so that in feet two thirds of the actual rent realised goes to 
the proprietor, and the other third to the warehouseman or lessee. The following is a table 
of the space occupied by different goods : — 

3 L2 
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Of cork there are 
OfHr 
Of indigo 
Of tallow 
Of gum 

Of brimstone • 

Of whale oil - 

The mean of the above is 38*853 cube feet to a ton ; and, indeed, 40 feet is the usual 
allowance taken by warehousemen, 35 feet being that calculated in shipping. 

Sugar in hogsheads will be found to be about 69 cube feet to the ton. Thus, a 
hothead 3 ft. 6 in. high, 3 ft. 4 in. diameter at the ends, and 3 ft. 11 in. in the middle, 
weighs about 15|^ cwt. a 

The following are the usual dimensions and weights of tea in the chests, which, how- 
ever, are not always uniform : 



*Diinen- 

siont. 

Cube. 

Weight. 

Lba. per 
Foot Cube. 

Cube Feet 
in a Ton. 

Congo « 

1 lOA 

\J 

4-403 

Ill lbs. 

25-21 

88-87 

Souchong 

1 7i 

1 7} 

1 7 

4-180 

108 lbs. 

25-84 

86-70 

Bohea • 

2 9 

1 10 

I Sj 

8-609 

224 lbs. 

26-02 

86-09 

Twaoka, 

I 11^ 

1 6 

1 8 

S-140 

104 lbs. 

20-23 

110*70 

Hyson - 

1 6j 

I 6 

1 9 

4-048 

80 lbs. 

19-76 

113-34 

The means will be 5*276 

*" 

23-41 

97-14 


Wheat, taking the average weight of a Winchester bushel at 60 lbs., will give 48*13 
cube feet to a ton. 

A ton of coals is about 45*3 cubic feet. 

In the valuation of leases held on lives, the operation, after bringing the rent to a 
clear annuity, is conducted by mpis of the sixth, seventh, and eighth tables, as the case 
may require. mK 


149*333 cube feet in a ton. 
65*163 — 

46*606 — 

38 046 — 

24-683 — 

19*801 — • 

38*818 — 
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GLOSSAEY OF TERMS USED BY ARCHITECTS ; 

Ayso 

A LIST OF THE PRINCIPAL ARCHITECTS 

OF A1.L TIMES AND COUNTRIES, ALPBABETICALLT ARRANGED, 

AND 

A CATALOGUE OF THE MOST USEFUL WORKS ON ARCHITECTURE. 


A. 

Abaciscus. A word sometimes used as synonymous with abacus, but more correctly 
applied to a square compartment enclosing a part or the entire pattern or design of 
a Mosaic pavement. 

Abacus, (Gr. A€o|, a slab.) The upper member of the capital of a column, and serving 
as a crowning both to the capital and to the whole column. It is otherwise defined 
by some as a square table, list, or plinth in the upper part of the capitals of columns, 
especially of those of the Corinthian order, serving instead of a drip or corona to the 
capital, and supporting the nether face of the architrave, and the whole trabeation. In 
the Tuscan, Doric, and ancient Ionic orders, it is a flat square member, well enough re> 
serabling the original title ; whence it is called by the French tailloirt that is, a trencher, 
and by the Italians credenza. In the richer orders it parts with its original form, the 
four sides or faces of it being arched or cut inwards, and ornamented in the middle of 
each with a rose or other flower, a fish’s tail, &c. ; and in the Corinthian and 
Composite orders it Is composed of an ovolo, a fillet, and a cavetto. The word is used 
by Scamozzi to signify a concave moulding in the capital of the Tuscan pedestal. 

Abate, Nicholas. See Architects, list of, 240. 

Abaton. (Gr. A€aTov, an inaccessible place.) A building at Rhodes, mentioned by 
Vitruvius, lib. ii., entrance whereof was forbidden to all persons, because it contained a 
trophy and two bronze statues erected by Artemisia in memory of her triumph in sur- 
prising the city. 

Abattoir. (Fr. Abattre, to knock down.) A building appropriated to the slaughtering of 
cattle. p. 797. 

Abbey. (Fr, Abba'ie.) Properly the building adjoining togifeiiear a convent or monastery, 
for the residence of the head of the house (abbot or 4|||fe). It is often used for the 
church attached to the establishment, as also for the bindings composing the whole 
establishment. In such establishments the church was usually grand, and splendidly 
decorated. They had a refectory^ which was a large hall in which the monks or nuns 
had their meals ; a gtiest haU^ for the reception and entertainment of visitors ; a parlowr or 
locutory, where the brothers or sisters met for conversation ; a dormitory, an atmonry, 
wherefrom the alms of the abbey were distributed ; a library and museum ; a prison for 
the refractory, and cells for penance. The sanctuary was rather a precinct than a build- 
ing, in which offenders were, under conditions, safe from the operation of the law. 
Granges, or form buildings, and ahhatial residences. Schools were usually attached for 
the education of youth, with separate accommodations for the scholars. A singing school, 
a common room, with a fire in it, for the brothers or sisters to warm themselves, no other 
fire being allowed, except in the apartments of the higher oflBcers. A mint, for coining, 
and a room called an exchequer. The abbey was always provided with a churchyard, a 
garden, and a bakehouse. The sacristy contained the garments of the priests, and the 
vessels, &c- ; vestiaria or wardrobes being assigned for the monks. Many of the ordinary 
duties of these persons were performed in the cloisters where they delivered their 
lectures. 

Abele tree, a species of white poplar, enumerated among woods by Vitruvius (book ii. 

3 L 3 
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chap, ix.) as being, in many situations, serviceable &om its ** toughness,” and also from 
its colour and lightness fitting it for carving. 

Abreuvoib. (Fr.) A watering-place for hoi^s. In masonry it is the joint between two 
stones, or the interstice to be filled up with mortar or cement, when either jue to be 
used. 

Absciss, or Abscissa. (Lat. Ab and Scindo.) A geometrical term, denoting a segment cut 
ofiT from a straight line by an ordinate to a curve. 

Absis. See Apsis. 

Abstract. A term in general use among artificers, surveyors, &c. to signify the collect* 
ing together and arranging under a few d^tinct heads the various small quantities of 
different articles which have been employed in any work, and the affixing of a price 
to determinate portions of each, as per square, per foot, per pound, &c., for the purpose 
of more expeditiously and conveniently ascertaining the amount. See p. 620, et seq. 
Abuse. A term applied to those practices in architecture which, arising from a desire of 
innovation, and ofren authorised by custom, tend to unfix the most established principles, 
and to corrupt the best forms, by the vicious way in which they are used. Palladio has 
given a chapter on them in his work. He reduces them to four principal ones : the 
first whereof is the introduction of brackets or modillions for supporting a weight ; the 
second, the practice of breaking pediments so as to leave the centre part open ; third, 
the great projection o£ cornices ; and, fourth, the practice of rusticating columns. Had 
Palladio lived to a later day, he might have greatly increased his list of abuses, as Per* 
rault haa done in the following list : the first whereof is that of allowing columns and 
pilasters to penetrate one another, or be conjoined at the angles of a building. The 
se(K)nd, that of coupling columns, which Penrault himself in the Louvre has made almost 
excusable ; the third, that of enlarging the metopae in the Doric order, for the purpose 
of accommodating them to the intercolumniations ; the fourth, that of leaving out the 
infrrior part of the tmlloir in the modem Ionic capital ; the fifth, that of running up 
an order through two or three stories, instead of decorating each story with its own 
order j the sixth, that of joining, contrary to the practice of the ancients, the plinth 
of the column to the comice of the pedestal, by means of an inverted cavetto ; the 
seventh, the use of architrave cornices ; the eighth, that of breaking the entablature of 
an order over a column, &c. &c. 

Abutment. (According to some, from the French aboutir, to abut, among whom the 
learned Spelman; but according to others, from the Saxon abucan, about.} The solid 
part of a pier from which the arch immediately springs. Abutments are artificial or 
natural : the former are usually formed of masonry or brickwork, and the latter are 
the rock or other solid materials on the banks of the river, in the case of a bridge, which 
receive the foot of the arch. It is obvious that they should be of sufficient solidity and 
strength to resist the thrust of the arch. See p. 401, et seq., and Arch in this glossary. 
Abuttaxs. The buttings or boundings of land. 

Acanthus. (A/coEdor, a spine.) A spiny herbaceous plant found in various parts of the 
Levant. Its leaf is said by Yitnivius to have been the model on which the Grecian 
architects formed the leaves of the Corinthian capital. See p. 61. 

Acer. (Celt. Ac, a point; Lat. Acer, sharp.) A genus of trees comprehending the maple 
and sycamore, the wood whereof is not of much value. That of the acer campestre 
fiirni^es the cabinet-makers with what they call bird’s-eye maple. 

Accesses. See Passage. 

Accidemtax Point. In per sfrt iye, the point in which a straight line drawn from the eye 
parallel to another straight 1|Pw cuts the perspective plane. It is the point wherein the 
representations of all strai^t lines parallel to the original straight line concur when 
pi^uced. Its name is adopted to distinguish it from the principal point or point of view. 
See Perspective, p. 649, et $eq. 

Acoustics. (Gr. Akoiw, to hear.) The doctrine or theory of sounds, as applicable to 
building See p. 801, et seq.. Theatre. 

Acbopoxis. (Gr. A/cpor and rioXiy, city.) The upper town or citadel of a Grecian city, 
usually the site of the original settlement, and chosen by the colonists for its natural 
strength. The most celebrated were those of Athens, Corinth, and Itbome, whereof the 
two ktter were called the horns of the Peloponnesus, as though their possession could 
secure the subnussion of the whole pe nin su l a. 

Acroteria. (Gr. hKfKarqpiov, ihe extremity of anything.) The pedestals, often without 
l^se or comice, placed on the cmtre and sides of pediments for the reception of figures. 
Vitruvius says that the lateral acroteria ought to be half the height of the tympanum, 
and the apex acroterium diould be an eighth part more. No regular proportion, how- 
ever, is observable in Grecian buildings. 

The word acroterium is appU^ to the ridge of a building ; it has also been used to 
signify the statues on the pedestals ; but it is only to these latter that it is strictly 
applicable. The word has moreover been given to the small pieces of wall in balus- 
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trades, between the pedestal and the balusters, and again for the pinnacles or other orna- 
ments which stand in ranges on the horizontal copings or parapets of buildings. 

Acute-angled Triangle. A triangle having all its angles acute. Every triangle has at 
least tvro acute angles. 

Acute Angle. A term used in geometry to denote an angle less than 90'^, that is, less 
than a right angle. 

Adamt, Robert. See Architects, list of, 302. 

Adams, Robert. See Architects, list o^ 244. 

Adhesion (Lat. Adh»reo.) A terra in physics denoting the force with which different 
bodies remain attached to each other when brought into contact. It must not be con- 
founded with cohesion, which is the force that unites the particles of a homogeneous 
body with each other. The following is an account of some experiments recorded in the 
Technical Repository for 1824. “ The insertion of a nail is accomplished by destroying 

the cohesicm of the wood, its extraction by overcoming the force of adhesion and friction. 
We will consider it here solely as a case of adhesion. Fine sprigs, of which 4560 weighed 
one pound, of an inch long, forced four tenths of an inch into dry Christiana deals at 
right angles to the fibre, required a force of 22 lbs. to extract them. The same descrip- 
tion of nail having 3200 in the pound, of an inch long, and forced of an inch into 
the same kind of wood, required 37 lbs. to extract it. Threepenny brads, 618 to the 
pound weight, one and a quarter inch long, forced half an inch into the wood, required a 
force of 72 lbs. to draw them out. Fivepenny nails, 139 to the pound weight, two inches 
long, and forced one inch and a half into the wood, required a force of 170 lbs. to extract 
them. The same kind of nail forced one inch and a half into the wood required 327 lbs. to 
draw it out. In this last experiment the nail was forced into the wood by a hammer of cast 
iron weighing 627 lbs. falling from a height of twelve inches, four blows of which were 
necessary to force the nail an inch and a half into the wood. It required a pressure of 
400 lbs. to force the nail to the same depth. A sixpenny nail driven one inch into dry 
elm across the grain or fibres required 327 lbs. to draw it out by direct force ; driven 
endwise into dry elm, or parallel with the grain, it required only 257 lbs. to extract it. 
The same sort of nail driven into dry Christiana deal was extracted by a force equal 
to 257 lbs., and by one of 87 lbs. from a depth of an inch. The adhesion, therefore, of a 
nail driven into elm across the grain, or at right angles to the fibres of the wood, is 
greater than when it is driven with the grain, or parallel with the fibres, in the propor- 
tion of 100 to 78, or 4 to 3. And under the same circumstances, in dry Christiana deal, 
as 100 to S3‘8, or nearly 3 to 1. The comparative adhesion of nails in elm and deal is 
between 2 and 3 to 1. To extract a sixpenny nail driven one inch into green sycamore 
required 312 lbs, ; from dry oak, 507 lbs. ; and from dry beech, 667 lbs. A common 
screw of one fifth of an inch had an adhesion about three times as great as that of a 
sixpenny nail. A common sixpenny nail driven two inches in dry oak would require 
more than half a ton to extract it by pressure.’’ 

Adit (Lat. Adeo), or Aditus. The approach or entrance to a building, &c. Among the 
ancients the aditus theatric or adits of a theatre, were doorways opening on to the stairs, by 
which persons entered the theatre from the outer portico, and thence descended into the 
seats. Upon the same principle were the adits of a circus. 

Adjacent Angle, in geometry, is an angle immediately contiguous to another, so that one 
side is common to both angles. This expression is more particularly applied to denote 
that the two angles have not only one side in common, but likewise that the other two 
sides form one straight line. 

Adytum. (Gr. ABvrov, a recess.) The secret dark chamifer in a temple to which none but 
the priests had access, and from which the oracles were delivered. Seneca, in his tra- 
gedy of Thyestes says, — 

“ Hinc orastibus 

RespoDsa dantur certa, dum iDgestl sono 
LaxaaCur adj to fata.” 

Among the Egyptians the secos was the same thing, and is described by Strabo. The 
only well-preserved ancient adytum that has come to our knowledge is in the little 
temple at Pompeii ; it is raised some steps above the level of the temple iteel^ and is 
without light. 

Adze, or Addice. An edged tool used to chip surfaces in an horizontal direction, the axe 
being employed to chop materials in vertical petitions. The blade, which is of iron, forms 
a small portion of a cylindric surface in both its sides, and has a wooden handle fixed into 
a socket at one of its extremities, in a radial direction, while the other extremity, parallel 
to the axis of the cylinder, and therefore at right angles to the handle, is edged with 
steel, and ground sharp from the concave side. The adze is chiefly employed for taking 
off thin chips from timber or boards, and for paring away irregularities at which the axe 
cannot come. It is also used in most joinings of carpentry, particularly when notched 
upon one another, scarfings, thicknesses of flooring boards opposite to the joints, &c. 
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Mhwmc. See AEcamcTs, Ikt (^76. 

Axkial Pkespxctxtji. ^ The relative apparent recession oS objects from the forc^otmd, 
owing to the quantity oS air interposed between them imd the spectator* It »^coih]paBies 
the recession of the per^iective lines. . « ^ 

SSissuwiic^ (Gr. Aur^rucor, having the power oF perception by means the senses.) It 

18 in frie fine lurts that science which derives the first principles from the effect which 
certain combinations have on the mind as connected wi^ nature and right reason. See 
p. 673. 

^THSaicrs. See Akchttkcts, list of, 60. 

^TXAioz. (Gr. Aeror, an eagle.) The name given by the Greek architects to the dabs 
forming the free of the tympanum of a pediment. This word occurs in the Athenian 
inscription now in the British Museum, brought to England by Dr. Chandler, and re- 
lating to the survey of some temple at Athens. 

JEtoha, or Mios. (Gr. Aeror.) A name given by the Greek architects to the tympanum 
of a pediment. It seems derived from the custom of decorptii^ the apex or ridge of the 
roof with figures eagles, and that the name thence first given to the ridge was 
wards transferred to the pediment itself. 

Agamcdes* See AacBiracrs, list of, 3. 

Agaftos. See Architects, list of, 10. 

Agnolo n*, Baccio. See Architects, list ofi 206. 

Agnolo Gabriello. See Aechitbots, list of, 171. 

Agostino and Angelo, of i^ena. See Architects, list of, 231. 

Agrxcola. See Architects, list of, 59. 

Air Drains, or Dbt Areas. Cavities betwe^ the external walls of a building protected 
by a wall towards the earth, which is thus prevented from lying against the said walls 
and creating damp. They may be made with the walls battering against the ground, 
and covered over with paving stones, or with their walls nearly perpendicular, and 
arched on the top ; the bottoms should be paved, and they should be well ventilated. 

Air Holes. Holes made for admitting air to ventilate apartments, also for introducing it 
among the timbers of floors and roofr for the prevention or destruction of the dry rot. 

Ala Trap. A trap immersed various ways in water to prevent foul air rising from sewers 
or drains. 

Ajutage. (Fr.). Part of the apparatus of an artificial fountain, being a sort of jet d’eav^ 
or kind of tube fitted to the mouth or aperture of a vessel, through which the water is 
to be played, and by it determined into the form to be given to it. 

Aisle, or Ala. (X*at. Ala.) A term chiefly used by the English architect to signify 
the side subdivisions in a church, usually separated from the nave or centre division by 
pillars or columns ; but among different nations, as applied to architecture, it bears dif- 
ferent significations. We are told by Strabo that among the Egyptians the ala; of the 
temple were the two walls that enclosed the two sides of the pronaos, and of the same 
height as the temple itself The walls, be observes, from above ground, were a little 
frrther apart than the foundations of the temple, but as they rose, were built with au 
inclination to each other. We do not, however, clearly understand the passage, which 
puzzled Focock as much as it has ourselves. The Greek als, called p^era, were the 
colonnades which surrounded the cell of tbe temple, the monopteros temple being the 
only species which had columns without a wall l^bind them. The peripteral had one 
tier of columns round the cell, the dipteral two, and tbe pseudo or f^se dipteral, in- 
vented by Hermogenes, was that in which the ^ was single, but occupied the same 
space on tbe sides of the cell aaihe dipteral, though one of tbe tiers of columns was left 
out. Thus, by metaphor, the columns were call^ tbe ahe or Ivings of the temple. Tbe 
term is also applied to ftie sides of a building which are subordinate to tbe principal and 
central division, and are vulgarly called wings. In Gothic as well as many modem 
churches the breadth is divided into three or five parts, by two or by four rows of pillars 
running parallel to the sides ; and as one or other is the case, the church is said to be a 
three-aisled or five-aisled fabric. ITie middle aisle is called the nave or chief aisle, and 
the penthouse, which joins to each side of the main structure containing the aisles, is 
called a wing. In Great Brit^ no instance occurs of a five-aisled church, except a 
building at the west end of the cathedral at Durham. On the Continent there aro^ 
many such buildings, among which is the cathedral at Milan. It is somewhat remark- 
able that in Westminster Abbey and in Redcliffe Church at Bristol the aisles are con- 
tinued on each side of the transept, and ib Salisbury Cathedral on one side only, a 
circumstance not met with in any other churches in this country. 

Alabaster. A white semi-transparent variety of gypsum or sulphate of lime, a mineral of 
common occurrence, and used for various ornamental purposes. It was much used for- 
merly for monuments in churches and the like. 

Albarium Opus. (Lat) In ancient Roman architecture a term imagined by some to 
have been nothing more than a species of whitewash applied to walls, but, as we think. 
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‘ ^correctly. In the passage of the tenth chapter of the fifth book of Vitruvius where 
^ recommends the use of the albarium opus for the ceiling of baths, he allows 
ifct^um opus as a substitute ; so that we think it was a ^ecies of stucco. Its employ- 
ZDeni at the baths of Agrippa, knowing as we do the extent to which luxury was 
carried in the baths of the ancients, seems to proye it a superior sort of etucco, and it ^ 
by no means improbable that it was susceptible of a high polidi. 

Ai.»aT. See Auchitkcts, list of, 69. 

Albb&ti, Aristotele. See Architects, list o^ 180. 

■ , liEo Baft. See Architects, list 162. 

* Alcoce. See Architects, list o£, 169. 

Alcotx. (Alcoba, Sp. ; Bleant, Arab., a sleeping chamber.) That part of ‘a sleeping 
chamber wboein the bed is placed. The use of alcoves, though not by that name, is 
ancient. They were frequently designed in the form of a niche ; such, for instance, as 
tb(^ that Winkelman notices at Hadrian’s villa at Tivoli, of which sort are some at 
Pompeii* They were often formed by enclosure or balustrades, of various heights, and 
by means of draperies the part was separated from the large chamber whereof it was a 
part. Some idea may he formed of it from many of the ancient bass! relievi, especially 
fiH>m the celebrated one known by the name of the Nozze Alddbrandini. In modem 
works this part of a room diflfers according to the rank and taste of the proprietor. In 
England it is rarely introduced, but in France and Italy it often forms a beautiful feature 
in &e apartments of palaces. 

Alder. (Ang. Sax. Ellam.) A tree belonging to the order Betulace^e. See p^e 486. 

Aldrich. See Architects, list 268. 

Aldun. See Architects, list of, 79. 

Aleotti. See Architects, list of, 253. 

Alessi. See Architects, list of, 215. 

Aleatorium. In ancient Roman architecture, a room in which games at dice were played. 

Alexander. See Architects, list of, 90. 

Algardi. See Architects, list of, 256. 

Alifterion. In ancient Roman architecture^ a room used by the bathers for anointing 
themselves. 

'Alkoranes. In Eastern architecture, high slender towers attached to mosques, and 
surrounded with balconies, in which the priests recite aloud at stated times prayers 
from the Koran, and announce the hours of devotion to worshippers. They mnch 
embellish the mosques, and are often very &ntastical in form. 

Allet. (Fr. A114e.) An ^le, or any part of a church left open for access to another 
part. In towns, a passage narrower than a lane. A walk in a garden. 

Almxheab. a niche in the mosques of the Mahometans which pcnnts towards the 
Kebla, or temple of Mecca, to which their religion directs them to bow their &ee in 
praying. 

Almonrv. Properly a closet or repository for the reception of broken victuals set apart 
as alms for the poor, but more generally used to denote a house near the church in 
abbeys or their gates, provided with various offices for distributing the alms of the 
convent and for the dwelling of the almoner. 

Almshouse. A house devoted to the reception and support of the poor, generally en- 
dowed for a particular description of persons. 

Aloisius. See Architects, list of, 56. 

Alonso. See Architects, list of, 196. 

Altar. (Lat. Altare.) A sort of pedestal whereon sacrifice was offered. According to 
Servkis there was among the ancients a difference between the ara and aUarSy the latter 
being raised upon ^ substruction, and used only in the service of the celestial and 
superior divinities whereas the former was merely on the ground, and appropriated to 
the service of the terrestrial gods. Altars to the infernal gods were made by excavation, 
and termed scrobiculi. Some authors have maintained that the ara was the altar befin^ 
which prayers were uttered, and that the altare was used for sacrifices only. There is 
however from ancient authors no appearance of such distinctions, but that the words 
were used indiscriminately. The earliest altars were square polished stones, on which 
.were placed the offerings to the gods. Whilst the sacrifice consisted only of libations, 
perfumes, and offerings of that nature, the altar was small, and even portable ; when 
man, however, began to consider he was honouring the divinity by an oflTering of blood, 
the altar necessarily expanded in dimensions. Different forms of it were adopted, 
according to the nature of the sacrifice, and on it the throat of the victim was cut and 
the flesh burnt. Of this sort is the circular altar of the Villa Pamphili at Rome, one of 
the largest and most elegant of the class. On it appears the cavity for bolding the fire, 
and the grooves for carrying ofiT the blood. The varieties of altars were suitable in 
form, ornament, and situation to the service to which they were appropriated : some, 
as we have already observ ed, being for sacrifices of blood, others for receiving offerings 
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and the sacred vessds ; some for burning incense, oihm for receiving libations. Many 
were set up as mere monuments of the piety of a devotee, whilst others were raised to 
perpetuate some great event. They served for adjuration as well as for an asylum to 
- the imfortunate and evil doer. In form they varied foom square to oblong, and fiom 
-.teiangular to circular. Those of metal were commonly tripodiaL When of brick or 
stone their plan is generally square. According to Pausanius they were occasionally 
made of wood. They do not appear to have been of any regular standard height, for 
they are sometimes found on bassi relievi reaching but little above a man’s knee, whereas 
in others they appear to reach his middle ; but it seems that in proportion to its diameter 
the circular ^tar was generally the highest. Vitruvius says that they should not be so 
high as to intercept the statues of the gods, and be gives the relative heights of those 
used for different divinities. Thus, he says, those of Jupiter and the celestial gods are 
to be the highest ; next, those of Vesta and the terrestrial gods ; those of the sea gods 
are to be a little lower, and so on. On festivals they were decorated with such flowers 
and leaves as were sacred to the particular divinity. But besides this casual decoration, 
the ancient altars furnish us with some of the most elegant bassi rilievi and foliage 
ornaments that are known. According to Vitruvius, their fronts were directed towards 
the east, though very frequently but little regard was paid to their position, as they were 
occasionally placed under the peristyle of a temple, and not unfrequently in the open 
SOT. In the larger temples were often three different altars. The first was in the most 
sacred part, in front of the statue of the god ; the second before the door of the temple ; 
and the third (called ancalabrU) was portable, and on it the offerings and sacred vessels 
were placed. 

The altars of the Catholic church are either attached or isolated. The former generally 
stand against a wall, and are so decorated as to appear quite independent of it. The 
decorations are either of painting or sculpture, or both. The isolated altar haa no 
sort of connection with any part either of the building or of its decorations. The 
high altar is always isolated, whether placed at the end of the church or in its centre. 
Whatever the situation of the high altar, it should be grand and simple: it should be 
raised on a platform, with steps on every side. The table itself is usually in the form 
of an antique sarcophagus. The altar of the Protestant churches of England is 
generally only an oak table, covered with a white cloth, and but little ornamented 
either above or on the sides. In country churches we sometimes find superadded as 
an ornament, to show, we suppose, that painting may be tolerated in Protestant worship, 
the figures 

Of Moses and Aaron stuck close by the wall. 

To hold the commandments for fear they should fall.” 

The feet is, the Church of England is so overawed by sectaries, that she is afraid of 
doing anything congenial to the feelings of a polished mind as respects the decoration 
of her churches, which are in the new examples built by the commissioners more than 
ever stript of all elegant accompaniments ; a practice which turns our churches into bams 
rather than temples of the IVIost High. 

The altars of the Greek church, though in other respects the religion vies In splendour 
with the Romish church, are destitute of painted or sculptured ornament ; and ‘in 
Calvinistic churches the name as well as the us& of an altar are unknown either as an 
appendage or a decoration. 

Altak-pixce. The entire decorations of an altar. 

Altar Screxn. The back of an altar, or the partition by which the choir is separated 
from the presbytery and Lady chapel. The date of its introduction into English churches 
we believe to have been about the close of the thirteenth century. It is generally of 
stone, and composed of the richest tabernacle work, of niches, finials, and pedestals, sup- 
porting statues of the tutelary saints. Those to the high altars of Winchester Cathe- 
dral, of St. Alban’s Abbey, and of New College, are fine examples. Many were 
destroyed at the Reformation, or filled up with plaster and covered with wainscot. In 
all altar screens a door is placed on each side for the officiating priests, whose vestments 
were deposited in an apartment behind the altar screen. 

Alto Riuevo. See Rilievo. 

Altpics. See Architects, list ofi 53. 

Ambitus. A space which surrounded a tomb, and was held sacred. In descriptions of 
subterranean tombs, it denoted a small mefae made in the wall for the reception of an 
um or body. When ffie corpse was placed in it, to the mouth of the niche a slab was 
fixed, so fitted and cemented as to prevent noisome effluvia. The slabs were sometimes 
inscribed wiih the name and quality of the party. If they received an urn, either upon 
that or over the niche the inscription was placed. Much decoration was occasionally 
used in tibe recesses themselves. 

Ambo. (Gt. oLfuSw.y The elevated place or pulpit in the early Christian churchy which, 
according to Ciampini, fell into disuse about the beginning of the fourteenth century. 
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The last erected ambo in Rome is supposed to hare been that of S. Fancrazio, on which 
appears the date of 1249. It was an oblong enclosure, with steps usually at the two 
ends. Two amhones are described by Eustace in the cathedral at Salerno. They are 
placed on each side of the nave before the steps of the chancel. They are both of 
marble, and the largest is covered with mosaic and supported'by twelve Corinthian 
granite columns. 

AMEHi.AToaY. (Lat.) A sheltered place for exercise in walking ; a cloister; a gaUery, 

Ambulatio. (Lat.) See Pteeoma. 

Ahmahati. See AacHiiscTS, list of, 239. 

Amphiprostvxe. (Gr. op<()i, both or double, wpo, before, ffrvXos, a column.) A term ap- 
plied to a temple having a portico or porch in the rear as well as in the front, but with- 
out columns at the sides. This species of temple never exceeded the use of four columns 
in the front and four in the rear. It differed from the temple in antis, in having 
columns instead of ante at the angles of the portico. See Txmple. 

AMPHiTHEAxaE. ( Gr. about, and fleorpop, a theatre. ) An edifice formed by the junc- 
tion of two theatres at the proscenium, so as to have seats all round the periphery, a 
contrivance by which all the spectators, being ranged about on seats rising the one above 
the other, saw equally well what passed on the arena or space enclosed by the lowest 
range of seats, whose wall towards the arena was called the podium. The origin of the 
amphitheatre seems to have been among the Etruscans, to whom also are attributed the 
first exhibitions of gladiatorial fights. It was from this people that the Romans 
acquired a taste for such shows, which they communicated to every nation which became 
subject to their dominion. Athenseus says, “ Romani ubi primum ludos frcere ccepe- 
runt, huic asciti artifices ah Etruscis civitatibus fuerunt, sero autem ludi omnes qui nunc 
a Romanis celebrari solent sunt instituti.” Lib. iv. c. 17. The most extraordinary 
edifice remaining in Rome, we may indeed say in the world, is the amphitheatre gene- 
rally called the Coliseum. It was commenced by Vespatian, and completed by Titus his 
son. Words are inadequate to convey a satisfactory idea of its stupendous and gigantic 
dimensions. Ammianus says that it was painful to the eye to scan its summit : “ ad cujus 
summitatcm aegre visio humana conscendit.” Martial, in one of his epigrams, says, 

“ Omnia Cmsareo cedat labor amphitheatro, 

Cniuu pro cunctia fama loquatur opuA” 

The greater axis of the ellipsb on which it is planned is about 627 feet, and the lesser 
520 feet, the height of the outer wall about 166 feet, such wall being decorated by the 
Doric, Ionic, and Corinthian Orders, and pierced with arcades between the columns. 
Covering five English acres and a quarter, it had seats for 87,000 spectators with stand- 
ing room for 22,000 others. It has suffered much from having been used actually as a 
quarry for many of the modem edifices of the city ; but in the present day its pre- 
servation is strictly attended to by the papal government. A description of this 
building has been given in p. 94, et seq. Besides the Coliseum, there were three other 
amphitheatres in Rome : the Amphitheatrum Castrense, on the Esquiline, built probably 
by Tiberius ; that of Statilius Taurus, and that built by Trajan in the Campus Martins. 
The other principal amphitheatres were those of Otricoli on the Garigliano, of brick ; 
Fuzzuoli, Capua, Verona, at the foot of Monte Casino, Paestum, Syracuse, Agrigentum, 
Catanea, Argos, Corinth, Pola in Istria (see fig. 127.), Hipella in Spain, Nismes, Arles, 
Frejus, Saintes, and Autun. This last has four stories, in that respect like the Coliseum. 
That which remains in the most perfect condition is at Verona; its age has not been 
accurately determined, some placing it in the age of Augustus, and others in that of 
Maximian ; of these, Maffei thinks the first date too early, and the latter too late. The 
silence of Pliny upon it seems to place it after the time of his writing. In the reign 
of Gallienus, it was not only built, but began to suffer from dilapidation, for many of the 
stones belonging to it are found in the walls of Verona, which walls were erected in the 
time of that emperor. Many of these were keystones, and the numbers cut upon them 
still remain. From the silence of authors that it was the work of any of the emperors, 
it seems probable that, like that at Capua, it was erected at the expense of the citizens. 
The len^h is about 514 feet, and the breadth about 410; the long diameter of the 
arena 242 feet, the short diameter 147 feet. The audience part or visorium contained 
forty-seven tiers of seats, and the building was capable of containing about 22,000 seated 
spectators. In the profile of the walls of this amphitheatre the diminution in thickness 
upwards is made on the inside, which is also the case in that at Pola. In the Coliseum, 
the diminution is on the outside. The amphitheatre at Nismes contained about 17 flOO 
persons, and was about 400 feet in length and 320 feet in breadth. 

The first amphitheatres, as we learn from Pliny, were constructed of wood, and usually 
placed in the Campus Martins, or in some place out of the city. Accidents occurring 
from their insecurity, they were abandoned for the more substantial species of &bric 
whereof we have b^n speaking. The first person who is said to have erected an amphi- 
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tbeatre ia Rome was Caius Scribonius Curio, on the occarion of the games he gave to 
the pec^le at the funeral obsequies of his father* Determined to surpass all that bad 
hitherto been seen, he constructed two theatres of wood, back to back, which, after the 
theatrical representations had been finished, were turned round with the spectators in 
them, leaving the stages and scenery behiniL By their opposite junction, they formed a 
perfect amphitheatre, in which the people were gratified with a show of gladiators. 

Die part in which the gladiators fought was called the arena, &om being usually 
. covered with sand to absorb the blood spilt in the conflicts, for whidi it was used. It 
was encompassed by a wall called the podiunty fifteen. or sixteen feet high, immediatriy 
roimd which sat the senators and ambassadoia. As in the theatres, the seats rose at the 
back of each other ; fourteen rows back from the podium all round being allotted to 
the equites, and the remainder to the public generally, who sat on the bare stone, 
cushions being provided for the senators and equites. Though at most times open to 
the sky, there were contrivances for covering the whole space with an awning. The 
avenues by which the people entered and retired were many in number, and were called 
vomitoria. The reader who wishes for further information on this subject may consult 
with advantage MafiTei, Degli Amjiteatrif and the section on amphitheatres in his excellent 
and learned work, Verona, iUustreUa. 

Akamobpbosis. (Gr. avoy backward, and form.) A term employed in perspective 

tq denote a drawing executed in such a manner that when viewed in the common way 
U presents a confused and distorted image of the thing represented, or an image of some- 
-fi^g entirely different; but when viewed from a particular point, or as reflected by a 
curved mirror, or through a polyhedron, it recovers its proportions and presents a distinct 
representation of the object. 

Anchob. In decoration, an ornament shaped similarly to an anchor or arrow head. It is 
used with the egg ornament (see page 684. Jig. 86.) to decorate or enrich mouldings. 
By some it is called a tongue, from its supposed resemblance to the forked tongue of a 
serpent It is used in all the orders, but only applied to the moulding called the echinus 
or quarter round. 

Akcones. (Gr. ceyKe»Vy the joint of the elbow.) The trusses or consoles sometimes em- 
ployed in the dressings or antepagmenta of apertures, serving as an apparent support to 
the comice of them at the flanks. In ancient doors the ancones were sometimes broader 
at the top than at the bottom, and were not in contact with the flanks of the architrave, 
but situated a small distance from them. The term Is also used to signify the comers or 
quoins of walls, cross beams, or rafters. 

Andbea ni Fisa. See Abchitbcts, list of, 130. 

AHDBoir. (Gr. ayttg.) In ancient architecture, the apartment appropriated to the reception 
of the naale branches of the establishment, and always in the lower part of the bouse, the 
gyncBcioy or women’s apartments, being in the upper part. 

Aedbonicus. See Architects, list of, 23. 

Abdroubt DU Cbbceau. See Architects, list of^ 246. 

Akoce. (Lat. Angulus.) The mutual inclination of two lines meeting in a point, called 
indifiTerently the angular point, vertex, or point of concourse : the two lines are called 
legs. See Geometbt, page 306. 

Angle Bab. In joinery, the upright bar at the angle of a polygonal window. 

Angle Bead, or Staff Bead. A vertical bead, commonly of wood, fixed to an exterior 
angle and flush with the intended surface of the plaster on both sides, for the purpose 
of securing the angle against accident, serving al^ as a guide for floating the plaster. 
The section of these beads is about three quarters of a circle, with a projecting part from 
the other quarter, by means whereof they are made fast to the wood bricks, plugging, or 
bond timbers. Angle beads of wood round the intradosses of circular arches are diffi- 
cult to bend without cutting or steaming them. The former has a very unsightly appear- 
ance, and the latter method is at once inconvenient and troublesome. The plaster itself 
is the best material in this case, and at the height generally placed will be out of the 
reach of accident. In good finishings comer beads wliich are unsightly should not be 
used, but the plaster should be well guaged and brought to an arris. 

Angle Bbace. In carpentry, a piece of timber fixed to the two extremities of a piece of 
quadrangular franung, making it partake of the form of an octagon. This piece is also 
called an angle tie and a diagonal tie. By the use of this piece wall plates are frequently 
braced. In constructing a well hole of a circular section through a roof or floor for a 
skylight, &C. the framing is first made in a quadrangular form ; braces are then fixed 
opposite to each angle, and the aperture becomes an octagon ; finally, pieces are fixed at 
each angle of the octagon, meeting each other in the middle of its sides, so as to transform 
the section of the aperture into a circle. 

Angle Bracket. - A bracket placed in the vertex of an angle, and not at right angles with 
the sid^ See Bracketing. 

Angle Capital. Id ancient Greek architecture, the Ionic capitals used to the flank 
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columns which have one of their volutes placed at an angle of 135® with the planes of 
the front and returning frieze. As an example may be given the angle capitals of the 
temple of Minerva Polias at Athens. This term is also applied to the modem Ionic 
capital, in which the whole of the four volutes have an angular direction. 

Anglz Chiuney. a chimney placed in the angle of a room. 

Angle Modilliok. A modillion placed in a direction parallel to a diagonal drawn through 
a comice at its mitring. It is an abuse seen only in the buildings erected during the 
decline of Roman architecture, as in the ruins of Balbec and Palmyra, and in the palace 
of the Emperor Dioclesian at Spalatro. 

Angle op Vision. (See Perspective, p. 649, et seq.) The angle under which an object 
or objects are seen, and upon which their apparent magnitudes depend. In practical 
perspective it should not exceed sixty degrees. 

Angle of a Wall. The angle contained by the vertical planes of two walls which form 
the angle of the building. The term is sometimes used to denote the line in which the 
two sides of the angle meet, which by workmen is commonly called the arris : the arris 
however is not the angle, but the line of concourse formed by the two sides or planes 
which contain the angle. 

Angle Rafter. The piece of timber in a hipped roof placed in the line of concourse 
of the two inclined planes forming the hip. It is more often called a hip rafter. See 
Hip and Carpentry, page 548. 

Angle Rib. A piece of timber of a curved form placed between those two parts of a 
coved or arched ceiling or vault which form an angle with each other so as to range with 
the common ribs on each side or return part. 

Angle Staff. See Angle Beau. 

Angle Stones. A term used by some authors to denote quoins* 

Angle Tie. See Angle Brace. 

Angular Capital. See Capital. 

Annuities. See p. 856, et seq. 

Annular Mouldings. Generally those having vertical sides and horizontal circular 
sections. 

Annular Vault. A vault springing from two walls each circular on the plan; such as 
that in the temple of Bacchus at Rome. 

Annulet. (Lat. Annulus.) A small fillet whose horizontal section is circular. The neck 
under side of the Doric capital is decorated with these thin fillets, listels, or bands, 
whose number varies in different examples. Thus in the Doric of the theatre of IVIar- 
cellus there are three, whilst in the great temple at Fsestum they are four in number, 
and in other cases as many as five are used. 

Anta, jEy plur. (Lat. Anta.) The joints or square posts supporting the lintels of doors. 
The term antae we think only applicable to pilasters or pillars attached to a wall, though 
some authors, as Perault, have thought otherwise. Vitruvius calls square pilasters 
when insulated parastat<B. There are three kinds of antae : those of porches or jamb 
ornaments ; angular antae, being such as show two faces on the walls of a temple ; and 
those on the longitudinal walls of its cell. Antae are only found in temples as wings to 
the ends of the walls of the pronaos to give a finish to the terminations the ends of the 
walls would otherwise present. It might have been this view which led the Greeks 
to treat them rather as distinct objects than to assimilate their finishings to those of 
columns. Considered as pilasters, the reader is referred to p. 735, et seq., where the 
diminutions and capitals are fully considered. The latter were never made by the Greeks 
like those of the accompanying columns. The pilasters in Roman architecture differ 
only from the column in being square instead of round. A rule in the use of antie 
was, that their projection should always be equal to that at least of the mouldings 
used on them. Some beautiful examples of antae capitals exist in the temple of Minerva 
Polias and the temple of Apollo Didymaus in Ionia. 

Antb-chamser or Ante-room. An apartment through which access is obtained to an- 
other chamber or room. One in which servants wait and strangers are detained till the 
{^r^n to be spoken with is at leisure. In the distribution of many houses the pecu- 
liarity of the plan forces upon the architect the introduction of ante-rooms : in most cases, 
indeed, they add both elegance and dignity to a design. 

Antepagmenta. (Lat.) In ancient architecture, the jambs or moulded architraves of a 
door. The lintel returning at the ends with similar mouldings down upon the ante- 
pagmenta was called supercilium. 

Anterides. In ancient architecture, buttresses or counterforts for the support of a wall. 
The Italians call them speroni (spurs). 

Anthemius. See Architects, list of, 61. 

Ante-Cour. a French term, sometimes however used by English authors. It is the 
approach to the principal court of a house, and very frequently serves for communication 
with the kitchen, cellar, stables, &c. 
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ANTictTM. (Lat.) A porch to a front door, as distinguished from pc^ticum, which is the 
porch to a door in the rear of a building. It was the space also between the front columns 
of the portico and the wall of the cellar. The word has been sometimes improperly 
used for gMcl 

Airrinx& (Lat. anti and Ugo.) The ornaments of lions* and other h^ds below the 
eaves of a temple, through peiforations in which, usually at the mouth, the water is cast 
away from the eaves. By some this term is used to denote the upright ornaments above 
the eaves in ancient architecture, which concealed the ends of the harmi or joint tiles. 

Antique. A term applied to pieces of ancient art by the Greeks and Romans of the 
classical age. 

Antiquakium. Among the ancients an apartment or cabinet in which they kept their 
ancient books and vases. 

Antistates. See Architects, list of, 15. 

Antoninus, See Architects, list of, 50. 

Antonio, Fiorentino. See Architects, list of, 228. 

Antoine. See Architects, list of, 306. 

Apartment. (Lat. partimentum.) A space enclosed by walls and a ceiling, which latter 
distinguishes it from a court or area. The distribution of apartments of a building has 
already been treated of in this work. See p. 771, ti seq. 

Aperture. (Lat. aperio.) An opening through any body. In a wall it has usually three 
strmght sides, two whereof are perpendicular to the horizon, and the third parallel to it, 
connecting the lower ends of the vertical sides. The materials forming the vertical sides 
are called /amis, and the lower level side is called the siUy and the upper part the head. 
This last is either a curved or flat arch. Apertures are made for entrance, light, or 
ornament. In Greek and Egyptian architecture, but especially in the latter, the jambs 
incline towards each other, ^metlmes apertures are made circular, elliptical, or por« 
tdoDS of those figures. “ Apertures,” says Sir Henry Wotton, “ are inlets for air and light ; 
they should be as few in number, and as moderate in dimensions, as may possibly con- 
sist with other due respects ; for, in a word, all opening are weakenings. They should 
not approach too near the angles of the walls ; for it were indeed a most essential so- 
lecism to weaken that part which must strengthen all the rest.” 

Apiart. (Lat. apis.) A place for keeping b^hives. Sometimes this is a small house 
with openings for the bees in front, and a door behind, which is kept locked for security. 
Sometimes it is an area wherein each particular beehive is chained down to a post and 
padlocked. 

Apootterium:. (airo^v<r0ai, Gr., to strip oneself.) The apartment at the entrance of the 
ancient baths, or in the Pal®stra, where a person took off his dress, whether for bathing 
or gymnastic exercises. In the baths of Nero, these apartments were small, but in those 
of Caracalla the apodyterium was a magnificent room with columns and other decora- 
tions. 

Apophtgk. (Gr., signifying flight.) That part of a column between the upper fillet or 
amulet on the base and the cylindrical part of the shaft of a column, usually moulded 
into a hcfllow or cavetto, out of which the column seems as it were to fly or escape up.* 
wards. The French call it conge, as it were, leave to go. 

Apoleodobus. See Architects, list of, 47. 

Apotheca. (Gr.) A storehouse or cellar in which the ancient Greeks deposited their 
oil, wine, and the like. 

Apron, or Pitching Piece. An horizontal piece of timber, in wooden double-flighted 
stabs, fi>r supporting the carriage pieces or rough strings and joistings in the half spaces 
or landings. The apron pieces should be firmly wedged into the waU. See Staircases, 
p. 575, 9eq. 

Arsis, or Absis. (Gr., »gnliying an arch.) A term in ecclesiastical architecture, denoting 
that part of the church wherein the clergy was seated or the altar placed. It was so 
called from being usually domed or vaulted, and not, as Isidorus imagines, from being 
the lightest part (apta). The apsis was either circular or polygonal, and domed over ; 
it consisted of two parts, the altar and the presbytery or sanctuary. At the middle of 
the semicircle was the throne of the bishop, and at the centre of the diameter was placed 
the altar, towards the nave, from which it was separated by an open balustrade or rail- 
ing. On the altar was placed the ciborium and cup. The throne of the bishop having 
been anciently called by this name, some have thought that thence this part of the edifice 
derived its name ; but the converse is the fact. The apsis gradata implied more parti., 
cularly the bishop’s throne being raised by steps above the ordinary stalls. This was 
sometimes c^led exedra, and in later times tribune. 

Aqueduct. (Lat. aquae ductus.) A conduit or channel for conveying water from one place 
to another, more particularly applied to structures for the purpose of conveying the water 
of distant wrings across valleys, for the supply of large cities. The largest and most mag- 
nificent aqueducts with the existence of which we are acquainted were constructed bv 
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the Romans, and many of their ruins in Italy and other countries of Europe still attest 
the power and industry of that extraordinary nation. The most ancient was that of 
Appius Claudius, which was erected in the 44^d year of the city, and conveyed the 
Aqua Appia to Rome, from a distance of 11,190 Roman p»;es (a pace being 58*219 
English inches), and was carried along the ground, or by subterranean lines, about 1 1,000 
paces, about 1 ^ of which were erected on arches. The next, in order of time, was the 
Anio Vetus, begun by M. Curius Dentatus, about the year of Rome 481. The water was 
collected from the springs about Tivoli ; it was about 43,000 paces in length. In the 608th 
year of the city, the works of the Anio Vetus and Aqua Appia had &llen into decay, and 
much of the water had been fraudulently abstracted by individuals, the pnetor Martins 
was therefore empowered to take measures for increasing the supply. The result of this 
was the Aqua Martia, the most wholesome water with which Rome was supplied. It 
was brought from the neighbourhood of Subiaco, twenty miles above Tivoli, and was 
61,710 Roman paces (about 61 miles), whereof 7463 paces were above groimd, and the 
remainder under ground. A length of 463 paces, where it crossed brook and valleys, was 
supported on arch^. To supply this in dry seasons, was conducted into it another stream 
of equal goodness by an aqueduct 800 paces long. About nineteen years after this was 
completed, the Aqua Tepula was brought in, supplied also from the Anio ; but not more 
than 2000 paces in length. In the reign of Augustus, Agrippa collected some more 
springs into the Aqua Tepula, but the latter water flowing in a separate channel, it pre* 
served its name. This was 1 5,426 paces long, 7000 above ground, and the remainder of 
the length on arcades. To this was given by Agrippa the name of Aqua Julia. In the 
year 719 of the city, Agrippa restored the dilapidated aqueducts of Appius, of Martius, 
and of the Anio Vetus, at his own expense, besides erecting fountains in the city. The 
Aqua Virgo, which received its name from a girl having pointed out to some soldiers the 
sources of the stream from which it was collected, was brought to Rome by an aqueduct 
14,105 paces in length, 12,865 whereof were under ground, and 700 on arches, the remainder 
being above ground. The Aqua Alsietina, called also Augusta, was 22,172 paces from 
its source to the city, and 358 paces of it were on arcades. The seven aqueducts above 
mentioned being found, in the time of Caligula, unequal to the supply of the city, this 
emperor, in the second year of his reign, began two others, which were finished by 
Claudius, and opened in the year of the city 803. The first was called Aqua Claudia, 
and the second Anio Novus, to distinguish it from one heretofore mentioned. The first 
was 46,406 Roman paces, of which 10,176 were on arcades, and the rest subterranean. 
The Anio Novus was 58,700 paces in length, 9400 whereof were above ground, 6491 on 
arches, and the rest subterranean. Some of the arches of these are 100 Roman feet high. 
All the aqueducts we have mentioned were on different levels, and distributed accordingly 
to those parts of the city which suited their respective elevations. The following is the 
order of their heights, the highest being the Anio Novus, 159 feet above level of Tiber : 
Aqua Claudia, 149 feet; Aqua Julia, 129 feet; Aqua Tepula, Aqua Martia, 125 feet; 
Anio Vetus, Aqua Virgo, 34 feet ; Aqua Appia, 27 feet ; and the Aqua Alsietina on the 
lowest level. The Tiber at Rome being 91*5 feet above the level of the Mediterranean, 
the mean fall of these aqueducts has been ascertained to be about 0132 English inches 
for each Roman pace (58*219 English inches), or 1 in 411. Vitruvius directs a Ml of 
1 in 200, but Scamozzi says the practice of the Romans vras 1 in 500. The quantity of 
water frirnished by six of the aqueducts, as given by Frontinus from a measurement at 
the head of each aqueduct, is as follows ; — 


Anio Vetus 
Aqua Martia 
Aqua Virgo 
Aqua Julia 
Aqua Claudia 
Anio Novus 


- 4398 quinarue. 

- 4690 

- 2524 

- 1368 

- 4607 

- 4738 


The whole" supply is given as 14,018 quinarim, after much fraudulent diversion of the 
water by individuals ; but the diminished quantity is supposed to have been 27,743,100 
English cubic feet, or, estimating the population of Rome at one million of inhabitants, 
27 *74 cubic feet per diem for each inhabitant. 

The aqueducts required constant repairs, from the nature of their construction, 
especially those on arches. The spaces between the piers varied much in width, and 
necessarily in height. Some of the arcades are as much as 27 feet in diameter. 

There are remains of Roman aqueducts in other parts of Europe, even more mag- 
nificent than those we have mentioned. One, or the ruins of one, still exists at Metz, 
and another at Segovia in Spain, with two rows of arcades, one above the other. This last 
is about 100 feet high, and passes over the greater part of the houses of the city. The 
most remarkable aqueduct of modem times was that constructed by the order of Louis 
X IV. for conveying the waters of the Eure to Versailles. It is 4400 feet in length, and 
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17 

Archias of Corinth. 

5th. 

Many temples and other edifices, at Syracuse. 

18 

Cailias of Aradus. 

— 

Temples, &c., at Rhodes. 

19 

Ayclius of Aradus. 

— 

Temple of the Ionian .^sculapius. 

20 

Mnesthes. 



Temple of Apollo at Magnesia. 

21 

Cleomenes of 

4th. 

Plan of the city of Alexandria in Egypt. 


Athens. 


22 

Dinocrates of M^e« 



Rebuilt the temple of Diana at Ephesus; engaged 


donia. 


on works at Alexandria ; was the author of the 
proposition to transform Mount Athos into a 
colossal figure. 

23 

Andronicus of 

— 

Tower of the Winds at Athens. 


Athens. 



24 

Callimachus of Co> 



Reputed inventor of the Corinthian order. 


rinth. 


2S 

Sostiatus of Gnidus. 



The Pharos of Alexandria. 

26 

Philo of Athens. 


Enlarged the arsenal and the Piraeus at Athens ; 




erected the great theatre, rebuilt by order of 
Adrian. 

27 

Eupolemus of Ar- 

— 

Several temples and a theatre at Argos. 

28 

gos. 

Phsax of Agrigen- 

3d. 

Various buildings at Agrigentum. 


turn. 



29 

Cossutius of Rome. 

2d. 

Design for the temple of Jupiter Olympius at 




Athens. 

30 

Hermodorus of Sa> 

— 

Temple of Jupiter Stator in the Forum at Rome ; 


laiuis. 


temple of Mars in the Circus Flaminius. 

31 

Caius Mutius of 

— 

Temple of Honour and Virtue near the trophies 


Rome. 


of Marius at Rome. 

32 

Valerius of Ostia. 



Several amphitheatres with roofs. 

33 

Batrachus of la- 

1st. 

These two architects built several temples at 


conia. 


Rome. The name of the first Oarpaxos)* 

34 

Saurus of Laconia. 


signifies a frog ; and that of the latter (traupos) 
a lizard ; and they perpetuated their names on 
some of the works by the allegorical repre- 
sentation of these two animals sculptured upon 
them. The churches of St. Eusebius and of 
St. Lorenzo fuori Ic Mura, at Rome, still con- 
tain some columns whose pedestals are sculp- 
tured with a lizard and a firog. 

35 

Dexiphanes of Cy- 

— 

Rebuilt the Pharos at Alexandria, at the com- 


prus. 


mand of Cleopatra, the other having fallen 
down. 

36 

Cyrus of Rome. 

— 

Architect to Cicero. 

87 

Postumiusof Rome. 

— 

Many works at Rome and Naples. 

38 

Corceius Auctus of 

— 

Grotto of Puzzuoli ; grotto of Cumae, near the 


Rome. 


lake now called Lago d’Avemo. 

39 

Fussitius of Rome. 

— 

Several buildings at Rome ; the fijrst Roman who 




wrote on architecture. 
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tury. 
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40 

Vitruvius PoUio of 

1st. 

Basilica Justitiae at Fano. A great writer on 


Fano. 


architecture. 

41 

Vitruvius Cerdo of 
Verona. 

H 

Triumphal arch at Verona. 

42 

Celer and 


Golden house of Nero. 

43 

Severus of Borne. 
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44 

Rabirius of Rome. 

1st. 

Palace of Domitian on Mount Palatine. 

45 

Mustius of Rome. 



Temple of Ceres at Rome. 

46 

Frontinus of Rome. 

2d. 

He has left a work on aqueducts. 

47 

Apollodorus of Da- 
mascus. 

— 

Forum Trajani at Rome ; a bridge over the Da- 
nube in Lower Hungary. 

48 

Lacer of Rome. 

— 

A bridge over the Tagus in Spain ; a temple now 
dedicated to San Giuliano. 

49 

Detrianus of Rome. 

— 

Moles Hadrian! and the Pons Aelius ; now called 
the Castello and Ponte Sant’ Angelo. 

50 

Antoninus, the Se- 
nator, of Rome. 

— 

Pantheon at Epidaurus ; baths of .^sculapius. 

51 

Nicon of Pergamus, 

— 

Several fine works at Pergamus. 

52 

Metrodorus of Per- 
sia. 

4th, 

IMany buildings in India, and some at Constanti- 
nople. The first known Christian architect. 

53 

Alypius of Antioch. 

— 

Employed by Julian to lay the foundation of a 
new temple at Jerusalem. 

54 

Cyriades of Rome. 

5th. 

A church and bridge. 

55 

Sennamarof Arabia. 

— 

Sedir and Khaovarnack, two celebrated palaces 
in Arabia. 

56 

Aloisius of Padua. 


As.sisted in the erection of the celebrated rotunda 
at Ravenna, the cupola of which is said to 
have been of one stone, 38 feet in diameter, 
and 1 5 feet thick. 

57 

St. Germain, bishop 
of Paris, of 
France. 

6th. 

Plan of the church of St. Germain at Paris, 
previously dedicated to St. Vincent ; convent 
at St. Mans. 

58 

St. Avitus, bishop 
of Clermont, of 
France. 


Church of Madonnc du Port. 

59 

St. Agricola, bishop 
of Chalons, of 
France. 


Cathedral of Chalons, with many other churches 
in his diocese. 

60 

.^therius of Con- 
stantinople. 

— 

Part of the imperial palace, called Chalcis, at 
Constantinople. 

61 

Anthemius of Tral- 
les, of Lydia. 

— 

St. Sophia at Constantinople. 

62 

Isidorus of Miletus. 

— 

Assisted Anthemius in the erection of the church 
of St. Sophia, 

63 

Chryses of Dara, of 
Persia. 


Constructed the celebrated dykes along the 
Euripus, near Dara, to keep the river in its 
channel, and to keep out the sea. He was par- 
ticularly excellent in hydraulic architecture. 

64 

Isidorus of Byzan- 
tium. 

7th. 

The city of Zenobia in Syria was tbe work of 
these two architects. 

65 

Johannes of Miletus. 




66 

Saxulphus, abbot of 
Peterborough, af- 
terwards made 
bishop of Lich- 
field, of England. 


Built the monastery of Medeshampstede, after- 
wards called Peterborough. 

67 

Biscopius, Benedict, 
of England. 

8th. 

Conventual church of Wearmouth. 

68 

Egbert, archbishop 
of York, of Eng- 
land. 


Rebuilt York Cathedral. 

69 

Albert, archbishop 
of York, of Eng- 
land. 


Completed the building of York Cathedral under 
Egbert. 

70 

Eaubald, archbishop 
of York, of Eng- 
land. 


Superintended the erection of York Cathedral, 
under his predecessor. Archbishop Albert. 
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71 

Romualdus of 

France. 

9th. 

The cathedral of Rheims, the earliest example of 
Gothic architecture. 

72 

U'ietland of Switzer- 
land. 

10th. 

ConTent of Einsidlen in Switzerland. 

73 

'i'ioda of Spain. 


The palace of King Alphonso the Chaste, at 
Oviedo, now the episcopal palace ; churches of 
St. Salvador, St. Michael, and St. Mary. 

74 

Kdnoth, a monk of 
Worcester, of 

England. 


Superintended the erection of the church and 
conventual offices of Rumsey Abbey. 

75 

Dimstan, archbishop 
of Canterbury, of 
England. 


Built for himself a cell at Glastonbury Abbey, 
and was skilful in mechanics. 

76 

bishop of Cre- 
diton, of England. 

— 

Built part of Malmsbury Abbey Church, in the 
reign of Edgar, 

77 

Elphage, bishop of 
Winchester, of 

England. 


Crypts of Winchester Cathedral. 

78 

Buschetto of Duli- 
chium. 


T’he cathedral or duomo of Pisa, the earliest ex- 
ample of the Lombard ecclesiastical style of 
architecture. It was built in 1016. 

79 

Alcihun, bishop of 
Durham, of Eng- 
land. 


First cathedral church at Durham. 

80 

Pietro di Ustamber 
of Spain. 

— 

Cathedral of Chartres. 

81 

Lanfranc, archbishop 
of Canterbury, of 
England. 


Choir of Canterbury Cathedral, burnt in 1174. 

82 

Remigius, bishop of 
Lincoln, of Eng- 
land. 

11th. 

Part of Lincoln Cathedral. 

83 

Carilepho, bishop of 
Durham, of Eng- 
land. 


Began the cathedral church of Durham, on a 
plan which he had brought with him from 
France, when he was ablwt of St. Vincent’s 
in Normandy. 

84 

Waikelyn, bishop of 
Winchester, of 
England. 


Said to have erected the oldest part of Winches- 
ter Cathedral. 

85 

Harlewin, abbot of 
Glastonbury, of 
England. 


Rebuilt the abbey church of Glastonbury. 

86 

Mauritius, bishop of 
London, of Eng- 
land. 

12th. 

Built old St. Paul’s, in 1(^3. 

87 

Gundulf, bishop of 
Rochester, of 

England. 


Rochester Castle ; VTiite Tower of the Tower of 
Xsondon ; rebuilt Rochester Cathedral. 

88 

Odo, prior of Croy- 
land, of England. 


Monastic church of Croyland. Arnold, a lay 
brother of the abbey, was employed under Odo 
as mason. 

89 

Emulf, bishop of 
Rochester, of 

England. 


Completed GundulPs works at Roch^ter. 

90 

Alexander, bishop of 
Lincoln, of Eng- 
land. 


Rebuilt Lincoln Cathedral. 

91 

Ranulf, or Ralf 
Flambard, bishop 
of Durham, of 
England. 


Part of Durham Cathedral ; Norham Castle. 
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92 

Henry of Blois, 
bishop of Win- 
chester, of Eng- 
land. 

12th. 

A most celebrated architect; built the con- 
ventual churches of St Cr(^ and Rumsey in 
Hampshire. 

93 

Kaimond of Mont- 
fort, of France. 



Cathedral of Lugo, 

94 

Dioti Salvi of Italy. 


Baptistery of Fisa, near the Campo S^to. His 
works were in the Lombard style, and were 
overloaded with minute ornaments. 

95 

Buono of Venice. 


The tower of St. Mark at Venice, which is 3S0 
feet high, and 40 feet square, built in 1154; a 
design for enlarging the church of Santa Maria 
Maggiore at Florence, of which the master 
walls still exist ; the Vicaria and the Gastello 
del’ Uovo at Naples ; church of St. Andrew 
at Pistola; la Casa della Citta; campanile at 
Arezzo. 

96 

Sugger of St. Denis, 
of France. 


Rebuilt the church and abbey of St. Denis, near 
Paris. He was distinguished by his perfection 
in the Gothic style. 

97 

Roger, archbishop 
of York, of Eng- 
land. 

■ 

None of bis works at this cathedral are now re- 
maining. 

98 

Pietro di Cozzo da 
Limena of Italy. 


The celebrated great hall at Padua, which is 256 
feet long, 86 wide, and 72 high, built in 1172, 
burnt in 1420, and restored by two Venetian 
architects, Rizzo and Piccino; it was dis- 
mantled by a whirlwind in 1756, and again 
restored by Ferracina. 

99 

Wilhelm, or Gug- 
lielmo, of Ger- 
many. 


The banging tower at Pisa, built in J 1 74. Bon- 
nano and Tomaso, two sculptors of Pisa, were 
also engaged upon it. 

100 

William of Sens, of 
England. 


Canterbury Cathedral. 

101 

Sissereme, monk of 
St. Alban’s, of 
England. 


St. Alban’s Abbey Cburcb. 

102 

Goldciif, Hugo de, 
of England. 

— 

St. Alban’s Abbey. 

103 

Eversolt, Gilbert de, 
of England, 

— 

St, Alban's Abbey. 

104 

Baldwin, archbishop 
of Canterbury, of 
England. 

Iseml^rt of Xaintes, 
of France. 


Church at Hackinton, near Canterbui^; and 
another at Lambeth. 

105 

13th. 

Bridges of Xaintes and Rochelle. Recom- 
mended by King John to the citizens of Lon- 
don as a proper person to hnish Ix)ndon 
Bridge, begun by Peter of Colechurch. 

106 

Peter of Colechurch, 
of England. 

— 

Began London Bridge. 

107 

Bertram, canon of 
Salisbury, of Eng- 
land. 


Overseer of the works of Salisbury Cathedral, 
under John and Henry III. I^rd Orford 
supposes be was the same person who is called 
Elyas the Engineer, in a record of the reign of 
King John, relating to the repair of the king’s 
houses at Westminster in 1 209. 

108 

Fitz-Od<^ Edward, 
of England. 

— 

Master of the works at Westminster under 
Henry III. 

109 

Eustachius, bishop 
of Ely, of Eng- 
land. 

— 

Gallery of Ely Cathedral. 
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no 

Robert of Lusarcbes, 
of France. 

13 th. 

Cathedral of Amiens, which was continued by 
Thomas de Cormont, and finished by his son 
Renauld. 

111 

Etienne de Bonne- 
veil of France. 


Church of the Trinity at Upsal, in Sweden, built 
after the model of that of Notre Dame at 
Paris. 

II2 

Poore, bishop of 
Salisbury, of Eng- 
land. 


Began Salisbury Cathedral. 

113 

Melsonby, bishop 
of Salisbury, of 
England. 


Part of the cathedral of Durham. 

114 

Hoo, W. de, prior 
of Rochester, of 
England. 

Jean d’Echelles of 
France. 


Choir of Rochester Cathedral. 

115 

— 

The portico of the cathedral of Notre Dame at 
Paris. 

116 

Pierre de Montereau 
of France. 


The holy chapel at Vincennes; the refectory, 
dormitory, chapter-house, and chapel of Notre 
Dame, in the convent of St Germain des Prez, 
near Paris. 

m 

Eudo de MontreuU 
of France. 


Church of the Hotel Dieu at Paris ; churches of 
St Catherine du Val des Ecoliers, of St. Croix 
de la Bretonnerie, of Blancs IVIanteaux, of the 
Matburins, of the Cordeliers, and of the Car- 
thusians, at Paris. His style was unpleasing 
and heavy. 

118 

San Gonsalvo of 
Portugal. 


Stone bridge at Tui. 

119 

San Pietro of Por- 
tugal. 


Stone bridge called 11 Ponte de Carez. 

120 

Lapo, or Jacopo, of 
Germany. 


Convent and church of St. Francisco at Assisi ; 
Palazzo del Barjello; and the ^^ade of the 
archbishop’s palace at Florence. 

121 

Nicola da Pisa, of 
Pisa, 


Convent and church of the Dominicans at Bo- 
logna ; church of San Micheli ; some palaces ; 
and the octagonal campanile of the Augustins 
at Pisa ; the great church del Santo at Padua ; 
church of Santa Maria at Orvielto ; church 
de’i Fratri Minori at Venice; abbey and church 
in the plains of Taliacozzo, in the kingdom of 
Naples, built as a memorial of the victory ob- 
tained there by Charles 1. over Conrad ; plana 
of the church of San Giovanni at Sienna ; of 
the church and convent della Santissima Tri- 
nita at Florence, and of those of the Domi- 
nicans at Arezzo, which were built by Mag- 
lione, his scholar ; the repairs and alterations 
to the duomo at Volterra; the church and 
convent of the Dominicans at Viterbo. He 
intermixed the Gothic with the Lombard 
style. 

122 

Fucoio of Italy. 


Church of Santa Maria sul Amo at Florence ; the 
gates against the river Volturno at Capua ; he 
finished the Vicaria and Castello dell’ Uovo at 
Naples, which were commenced by Buono ; he 
was distinguished for his skill in fortification. 

123 

Fenante Maglione, 
disciple of Nicola 
of Pisa. 


Cathedral and church of San Lorenzo at Naples ; 
the Palazzo Vecchio at Naples, in conjunction 
With Giovanni Benin Casa; the church and 




convent of the Dominicans at Arezzo. 
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124 

Masuccio of Naples. 

13th. 

Church of Santa Maria della Nuovo at Naples ; 
churches of S. Dominico Maggiore and S. 
Giovanni Maggiore ; the archiepiscopal palace 
and Palazzo Colombrano at Naples. 

1 25 

Arnolfo Fiorentino 
of Florence, 

14th. 

The abbey and church of Santa Cioce at Flo- 
rence ; the walls of the city, with the towers ; 
Palazzo della Signoria, now called 11 Palazzo 
Vecchio ; model and plan of the cathedral of 
S. Maria del Fiore, to which the cupola was 
added by Brunelleschi; the church and Piazza 
San Micheli ; Piazza dei Priori. His works 
were greatly admired. 

126 

Pietro Perez of 
Spain. 

— 

The cathedral of Toledo, 

127 

Robert de Courcy 
of France. 

— 

Rebuilt the cathedral at Rheiros. 

128 

Erwin von Stein- 
bach of Germany. 

— 

Celebrated minster at Strasbiirg was superin- 
tended by him for twenty-eight years. 

129 

Giovanni da Pisa of 
Fisa. 


Campo Santo, or public cemetery, at Pisa ; the 
tribune of the Duomo in the same city ; Castel 
Nuovo and the church of Santa Maria della 
Nuovo at Naples ; fa 9 ade of the cathedral at 
Sienna : many churches and palaces at Arezzo 
and other towns in Italy. He was the first 
architect in the modern style of fortification, 
and his churches and other buildings possess 
great merit. He was the son and scholar of 
Nicola da Pisa. 

130 

Andrea da Pisa of 
Pisa. 


Plan of the fortress della Scarperia at Mugello, 
at the fbot of the Apennines ; plan and model 
of the church of San Giovanni at Pistoja ; the 
ducal Palazzo Gualtieri at Florence. He was 
distinguished as a military architect. 

131 

Agostino da Sienna, 
or da Pisa, of 
Italy. 

Angelo, his brother, 
of Italy. 


The north and west fa 9 ades of the cathedral of 
Sienna, as also the two gates ; the church and 
convent of St. Francis ; Palazzo de’ Nove Ma- 
gistrati ; grand fountain in the piazza opposite 
the Palazzo della Signoria ; ball of the council 
chamber, and Palazzo Publico ; the church della 
Santa Maria in Piazza Manetti wer built by 
him in conjunction with Angelo da Pisa, who 
was bis brother. 

132 

Boyden, William, of 
England. 


Chief architect to the chapel of the Virgin at 
St. Alban’s Abbey Church, erected during the 
abbacy of Hugo de Eversden. 

133 

Bek, A. de, bishop 
of Durham, of 
England. 


Built and enlarged Barnard Castle, and other 
fortresses. 

134 

Henry Latomus, or 
the stonecutter, 
abbot of Eves- 
ham, of England. 


Chapter-house, dormitory, refectory, abbot’s hall, 
and kitchen of the monastery at Evesham. 

135 

Helpstone, J., of 
England. 

— 

New-tower or water-tower, in the walls of 
Chester. 

136 

Eversden, Hugh de, 
abbot of St. Al- 
ban’s, of England. 


Lady chapel in St. Alban’s Abbey Church. 

137 

Walter Weston of 
England. 

— 

St. Stephen’s Chapel, Westminster. 

138 

Thomas of Canter- 
bury, of England. 


St. Stephen's Chapel, Westminster. 
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163 Farleigh, or Ferley, 15th. 

W., abbot of 
Gloucester, of 
England. 

164 Beauchamp, bishop — 

of Sanim, of 
England. 

165 Wayneflete, bishop — 

of Winchester, of 
England. 


166 Eendale, John, of 

England. 

166* DrueU, J., arch- 
deacon of Exeter, 
of England. 

167 Bramante Lazzari, 

or Bramante d’Ur< 
bino, of Castel 
Durante, near Ur- 
bino. 


168 Ventura Vitoni of — 

Pistoja. 

169 Alcock, J.^ bishop 16th. 

of Ely, of Eng- 
hmd. 

170 Moston, J., of Cam- — 

bridge, of Eng- 
land. 

171 Gabriello d’Agnolo — 

of Naples. 

172 Gian Francesco Nor- •— 

mando of Flo- 
rence. 

173 Pietro Lombardo of — 

Venice, 


the Aqua Vergine and the fountain of Trevi, 
at Rome, under Nicholas V. ; the palace for 
the Duke Federigo Feltre at Urbino ; and 
many other buildings in Italy. 

Built the lady chapel of Gloucester, about 
1490. 


Appointed surveyor of the works at Windsor 
Castle by Edward IV. ; supposed to have 
made designs for rebuilding St George’s Chapel ; 
built a chantry chapel in Salisbury Cathedral. 

Founder of Magdalen College, Oxford ; overseer 
of the building at Windsor. Leland was in- 
formed that the greatest part of the buildings 
of Eton College were raised under his direc- 
tion, and at his expense. 

Supervisor of all the king’s works. 

One of the architects employed on All Souls’ 
College, Oxford. 

First designed and commenced the building of 
St. Peter’s at Rome ; a small model was 
executed after the same design for an in- 
sulated church without the walls of Todi; 
many works in the Vatican, particularly the 
library and the Belvedere court, with a mag- 
nificent design for alterations to be made in it, 
under Julius II. ; the rotondo in the convent 
of San Pietro Montorio ; the palaces of S. Gia- 
como Scosciacavalli ora de’ Conti Giraud, 
del Duca de Sora, della Cancellaria, dell Nuovo 
deir Imperiale ; the churches of SS. Euloy 
de’ Orfani, Lorenzo and Damaso; the clois- 
tere of the monastery della Pace,&c. at Home; 
the Strada Julia in that city ; the ducal palace 
at Urbino ; Palazzo Publico at Brescia ; de- 
sign for the church dell’ Umilta at Pistoja. 

Church dell’ Umilta at Pistoja, after the design 
of Bramante, whose pupil he was. 

Sepulchral chapel in Ely Cathedral ; episcopal 
palace at Downham; supposed to have designed 
St. Mary’s, or the University Church, Cambridge. 

Part of palace of Lambeth ; another at Canter- 
bury ; “ made a great building at Charing in 
Kent ; ” almost the whole house of Forde. 
He built at Alington Park. 

Church of S. Giuseppe ; church of Santa Maria 
Egiziaca ; palace of Ferdinando Orsini, duke 
of Gravina, at Naples. 

Church of S. Severino ; Palazzo Filomarini ; Pa- 
lazzo Cantalupo at Naples ; several buildings 
in Spain. 

Tomb of Dante, the poet, near the church of St. 
Francis at Ravenna ; church of SS. Paolo, 
and Giovanni, and monastery adjoining the 
church of Santa Maria Mater Domini; clock- 
lower in the square of St. Mark ; German 
warehouse on the Rialto ; school della Mise- 
ricordia ; cloister of Santa Giustina at Padua. 
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174 

Martino Lombardo 
of Venice. 

16 th. 

School or coniratemita of San Marco, and, per- 
haps, the church of S. Zaccaria at Venice. 

175 

John Cole of Eng- 
land. 

— 

Builder Louth Spire, Lincolnshire. 

176 

Sir Reginald Bray 
of England. 


Design of Henry Vll.’s Chapel, Westminster, 
and of other works at St. George’s Chapel, 
Windsor. 

177 

John Hylmer of 
England. 

— 

St. George’s Chapel, Windsor, 

178 

Giuliano di San 
Gallo of Florence. 


Cloister of the Carmelites di Santa Maddelena de’ 
Pazzi at Florence ; cloister for the Fratri 
Eremitani di S. Agostino; la Gran Fabbrica 
del Poggio Imperiale, fortress near the Porto 
a Prato, and other works, at Florence; a 
magniBcent palace at Poggio Cajana for Lo- 
renzo di Medici ; repaired the cupola of the 
church della Madonna at Loreto; restored 
the roof and decorations of the ceiling of the 
church of Santa Maria Maggiore ; restored 
the church dell’ Anima ; Palazzo Rovere, near 
San Pietro in Vincola at Rome ; Palazzo 
Rovere at Savona ; an unfinished palace at 
Milan ; fortress and gate of San Marco, of the 
Doric order ; many palaces at Pisa ; fortifi- 
cations at Ostia. 

179 

Simone Cronaca, or 
Pollajolo, of Ro- 
rence. 


Facade of the Palazzo Strozzi at Florence ; 
church of S. Francis at S. Miniato, near Flo- 
rence ; convent of the Padri Serviti ; sacristy 
of Santo Spirito, and the coimcil chamber at 
Florence. 

180 

Aristotle Alberti of 
Bologna. 

— 

A bridge in Hungary ; several churches in 
Russia. 

181 

Leonardo da Vlaci, 
near Florence. 

— 

Aqueduct of the Adda at Milan ; various ma- 
chines, plans, and works on architecture. 

182 

Fra Giocondo of 
Verona. 


Many bridges, especially that of Notre Dame at 
Paris ; the public hall and Ponte della Pietra 
at Verona ; fortifications at Treviso ; cleans- 
ing of the Lagunes, and a design for the Ponte 
Rialto at Venice: after the death of Bra- 
mante, be was engaged with Rafaelle and San 
Gallo in erecting St. Peter’s at Rome. 

183 

Novella da San Lu* 
cano of Naples. 


Palace of Prince Robert Sanseverino, duke of 
Salerno, at Naples ; and the restoration of the 
church of San Domenico Maggiore, which 
was built by Lucano. 

184 

Fercy, John, abbot 
of Leicester, of 
England. 


Brick buildings at Leicester Abbey. 

185 

Rafaelle d’Urbino 
of Urbino. 


Continued the erection of St Peter’s at Rome, 
after the death of Bramante, bis master in 
architecture; engaged on the buildings of 
the Famese Palace ; church of Santa Maria 
in Navicella, repaired and altered ; stables of 
Agostino, near the Palazzo Famese ; Palazzo 
CafiTarelli, now Stoppani ; the gardens of the 
Vatican ; the facade of the church of San 
ILorenzo, and of the Palazzo Uggoccioni, now 
Pandolfini, at Florence. 

186 

Bolton, W., prior of 
St. Bartholomew’s 
of England. 


Supposed to have designed Henry Vll.’s 
Chapel, where he was master of the works. 
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139 

Giacomo Lanirani 
of Italy. 

14th. 

Church of St. Francis at Imola; church of St. 
Antonio at Venice. 

140 

Juan Rari of 

France. 

— 

Finished the building of the church of Notre 
Dame at Paris. 

141 

William of Wyke- 
Iiam, bishop of 
Winchester, of 
England. 

Walsingham, prior 
of Ely, of Eng- 
land. 

■ 

New College, Oxford ; part of Winchester Cathe- 
dral ; plan of W''indsor Castle. 

142 

— 

Lantern tower and tower of Ely Cathedral. 

143 

Rede, bishop of Chi- 
chester, of Eng- 
land. 

““ 

An eminent mathematician ; built first library at 
Merton College, Oxford ; Amberly Castle, Sus- 
sex. 

144 

Andrea di Clone 
Orgagna, of Flo- 
rence. 

— 

Additions to the ducal palace at Florence; his 
brother built the tower and gate of San Pietro 
Gattolini. 

145 

Gainsborough, or 
Gaynisburg, of 
England. 


An architect employed at Lincoln Cathedral. On 
his monument, still existing in the cathedral, he 
is said to have died in June, M- C. CC — , the 
last portion of the date being obliterated. 

146 

Chichele, archbishop 
of Canterbury, of 
England. 

15th. 

Founded All Souls College ; built a monument 
for himself in Canterbury Cathedral ; made ad- 
ditions to Canterbury Cathedral, Lambeth Pa- 
lace, Croydon Church, and Rochester Bridge. 

147 

Filippo Brunel- 

leschi of Flo- 
rence. 


Cupola of the cathedral of Santa Maria del Fiore 
at Florence. A council of artists was held at 
Florence in 1420, to consider and advise on 
this scheme, at which even English artists are 
said to have assisted ; after a diversity of opi- 
nions, Brunelleschi’s project was approved of 
and adopted. His other principal works were, 
the Palazzo Pitti, which was begun and half * 
finished by him, the remainder being the work 
of Luca Fancelli ; a great part of the church 
of San Spirito; the church degl’ Angeli, de- 
signed and begun, but not completed, from 
want of money ; the monastery de’ Camaldosi ; 
the fortress of Milan, and several works about 
that city ; a model for the fortress of Pesaro ; 
the old and new citadel at Pisa; some other 
works there, as well os at Trento, and in other 
parts of Italy. He dntined the country round 
Mantua, and set the first example of a purer 
style in the architecture of Italy. 

148 

JVIichelozzo Micbe- 
lozzi of Florence. 


Pal^zo di Medici, now dei Marchesi Ricardi ; 
Palazzo Caffajiulo ; convent of the Domi- 
nicans ; Noviziato della Santa Croce ; chapel in 
the church dei Servi ; Palazzo della Villa Ca- 
i^eggi ; Palazzo Tomabuoni, now dei Marchesi 
Corsi; and several other palaces, churches, 
and convents at Florence ; monastery of the 
Black Benedictines at Venice, and the Palazzo 
della Villa Careggi at Mujeilo; some build- 
ings at Trento ; a beautiful fountain at Assisi , 
la Citadella Vecchia at Perugia; the altera- 
tions to the palace presented by Francisco 
Sforza to Cosmo di Medici, whom he followed 
in his exile, and other great works in various, 
parts of Italy. 

i 



GLOSSARY, ETC 905 

List of Abchitects. 




AFTER CHRIST. 

No. in 
Gloss. 

Name of Architect. 

Cen- 

tury. 

Principal Worts. 

149 

Giuliano of Majano, 
near Florence. 

15th. 

Falazzodel Poggio Reale at Naples; a Corinthian 
triumphal gate at the Castel Nuovo; many 
fountains in the same city ; the Cortile S. Da- 
maso, in the Vatican at Rome, whither he was 
invited by Paul II. ; palace and church of San 
Marco at Rome ; he also enlarged the church 
at Loreto. 

150 

Frowcester, Walter, 
abbot of Glou- 
cester, of Eng- 
land. 


Built the great cloisters of his monastery in 
1400. 

151 

Keyes, Roger, of 
England. 

— 

Architect of All Souls’ College, Oxford. 

152 

Horwood, W., a 
freemason, of Eng- 
land. 


Collegiate chapel of Fotheringhay. 

153 

Close, or Cloos, 
bishop of Lich- 
field, of England. 


Supposed to have designed King’s College chapel, 
Cambridge ; though, according to Hearne, his 
father was the architect. 

154 

Christobolo of Italy. 

“ 

A mosque at Constantinople, with eight schools 
and eight hospitals, on the site of the church 
of the Apostles, by order of Mahomet 11. 

155 

Baccio PinteUi of 
Florence. 



Church and convent of Santa Maria del Popolo 
at Rome ; the celebrated Capella Sistina in 
the Vatican ; the hospital of S. Spirito in 
Sassia ; Ponte Sisto ; designs for the church 
of San Pietro in Montorio ; the church of 

S. Sisto ; the church of St. Agostino and 
the church of San Pietro in Vincola at 
Rome; repaired the church and convent of 
St. Francis at Assisi ; and built the palace for 
- the Cardinal del Rovere at Borgo Vecchio ; 
some attribute to him the palace built for the 
Duke Federigo Feltre at Urbino. He is said 
to have been the first to set the example of 
grandeur in the architecture of chapels. 

156 

Bartolomeo Bra- 
mantino of Italy. 

— 

Church of San Setiro at Milan, and other works 
in various parts of Italy. 

157 

Giovanni del Fozzo 
of Spain. 

— 

Dominican convent, and a great bridge over the 
Huexar, near Cuenca. 

158 

Andrea Ciccione of 
Naples. 


Convent and church of Monte Oliveto ; palace 
of Bartolomeo da Capua and several other 
convents and palaces in the city of Naples. 

159 

Ridoifo Fioravanti 
of Bologna. 


Restored the hanging tower of the church of 
S. Biagio, at Cento, to its perpendicular posi- 
tion, and built many churches at Moscow. 

160 

Orcheyarde, W., of 
England. 

— 

Architect of Magdalen College, Oxford, imder 
Bishop Wayneflete. 

161 

Francesco di Gior- 
gio of Sienna. 

— 

The ducal palace at Urbino. 

162 

l4eon Battista Al- 
berti of Florence. 


Church of St, Francis at Rimini; church of 
St. Andrew at Mantua ; the principal facade 
of Santa Maria Novella, at Florence, has been 
attributed by some to Alberti ; but from the 
circumstance of its being Gothic, it may 
with much more probability be assigned to 
Bettini; the gate and Corlnthimi loggie are, 
however, from the designs of Alberti, as also 
the Doric fr 9 ade of the Palazzo Rucellai, and 
the choir and tribune of the church della 
Nunziata, all at Florence. He also repaired 
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187 

John of Padua of 
Italy. 

16th 

“ Deviser of buildings** to Henry VIII. of 
England. 

288 

Gibbes, W., last 
prior of Bath, of 
England. 


Continued the building of Bath Abbey church 
till the dissolution of monaster!^ 

169 

Hector Asheley of 
England. 

— 

Surveyor of building!^ employed in the erection 
of Hunsdon House. 

190 

Andrea Contucci di 
Monte SansoTino 
of Italy. 


Tlie beautiful chapel del Sagramento in the 
church di Santo Spirito ; palace della Cano- 
nica at Loreto; a cloister for the monks of 
St. Agostino, and a little chapel without the 
walls of Sanseverino ; some buildings at 
Venice, and many in Portugal. 

191 

Bartolomeo Buono 
of Bergamo, of 
Italy. 


Church of S. Rocco ; some parts of the Campanile 
di San Marco, and the Procurazie Vecchie at 
Venice. 

192 

Guglielmo Berga- 
masco of Berga* 
mo, of Italy. 


(Japella Kmiliana of the Camaidulenses at Mu- 
rano, an island of the Lagunes ; Palazzo di 
Calmerlinghi, near the Ponte Rialto at Ve- 
nice ; palace at Portagruaro, at Friuli ; gate 
di Santo Tommaso at Treviso ; gate called 

11 Portello at Padua. 

193 

Maestro Filippo of 
Spain. 

— 

Restoration of the cathedral of Seville. 

194 

Giovanni di OloU 
zago of Biscay, of 
Spain. 


Cathedral of Huesca in Arragon; he blended 
the modem Greek style with the Gothic, in 
the manner called Arabo-tedescbo. 

195 

Pietro di Gamiel of 
Spain. 


Convent of S. £ugra 9 ia at Saragossa ; college of 
Alcala, in the Grseco* Gothic style of archi- 
tecture. 

196 

Giovanni Alonzo of 
Spain. 

— 

Sanctuary of Guadaloupe. 

197 

Fra Giovanni d’Es- 
cobedo of Spain. 

— 

Grand aqueduct of Segovia, by order of Queen 
Isabella. 

198 

Giovanni Campero 
of Spain. 

— 

Church and convent of S. Francis at Fordela- 
guna. 

199 

Antonio San Gallo 
of Mugello, near 
Florence. 


Churches of the Madonna di Loreto near 
Trajan’s column, of Santa Maria di Monser- 
reto, of S. Giovanni dei Fioreutini ; Palazzetto 
di Ck>Dte Palma ; Falazzi di Santo Buono for 
himself, now that of the Marches! Sacchetti ; 
Farnese, begun by Paul III., when a cardinal; 
fortifications of Civita Vecchia, of Civita Cas- 
teliana, of Parma, Ancona, and many other 
strong places in Italy ; he altered the Mole of 
Adrian to its present form of the castle of 

S. Angelo; triumphal arch in the square of 

S. Mark at Venice ; a temple to our Lady at 
Monte Pulciano ; built the Capella Paolina 
del Vaticano, and assisted in the works of 
St. Peter’s, 

200 

Baldassare Pemzzi 
of Volterra, 


Plan and model of the cathedral or duomo at 
Carpi; two designs for the fa 9 ade of San 
Petronio, and the gate of San Michele in 
Bosco at Bologna ; fortifications at Sienna ; 
the little palace built for Agostino Chigi, now 
called the Famesina, in the Lungara ; PaJazzo 
Masami, near the church of San Pantaleo; 
Villa di Papa Giulio III. ; the cortile of the 
palace de* Duchi Altemps ; casino at the Pa- 
lazzo Chigi; tomb of Pope Hadrian IV, in ■ 
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the church dell’ Anima ; Palazzo Spinosa, now 
the hospital degli Eretici convertiti at Rome ; 
assisted in the erection of St. Peter’s, and was 
buried by the side of Rafaelle, in the Pan« 
theon. His style was good. 

201 

Marco di Pino of 
Sienna. 

16th 

Modernised the church della Trinita di Palazzo, 
and built the church and convent of Gies^ 
Vecchio at Naples. 

202 

Andrea Briosco of 
Padua. 

— 

The Loggia and council house in the Piazza degli 
Signori at Padua, Hnished in 1526. 

203 

Ferdinando Manlio 
of Naples. 


Church and hospital della Nunziata ; the Strada 
di Porta Nolano, and di Monte Oliveto, with 
other streets and palaces at Naples ; a bridge 
at Capua. 

204 

Giovanni Merliano 
of Nola of Italy. 


Strada di Toledo at Naples ; church of S. Giorgio 
de’ Genovesi ; church of S. Giacomo degli 
Spagnuoli; plan of the palace del Principe di 
San Severe, and the palace of the Duca della 
Torre ; the Castel Capuano, altered to a court 
of law ; a fountain at the extremity of the 
Mole, and some triumphal arches for the 
entrance of Charles V., on his return from 
Tunis, at Naples. 

205 

Giovanni Gil de 
Hontanoa of 

Spain. 


Flan of the cathedral of Salamanca. 

206 

Baccio d’ Agnolo of 
Florence. 


The beautifiil bell tower or campanile of Santo 
Spirito; lantern above the cupola of Santa 
Maria del Fiore, great altar and choir of which 
was built by his son Giuliano ; palace for 
Giovanni Bartolini in the Piazza della San- 
tissima Trinita ; Palazzo Salvieto at Rome. 

207 

Giovanni Maria Fal> 
conetto of Verona. 


Church della Madonna delle Grazie, for tbe 
Dominicans at Padua; palace in the Castel 
d’Usopo in the Friuli ; palace for Luigi Cor- 
naro, near tbe Santo ; Doric gate to the 
Palazzo Capitano ; a music ball, which was 
much admired by Serlio, who denominated it 
L<a Rotondo di Padoua ; ” gates of SS. Gio- 
vanni and Savonarola. 

208 

Rodrigo Gil de Hon- 
tanon of Spain. 

— 

Superintended the erection of the cathedral of 
Salamanca ; built tbe cathedral of Segovia. 

209 

Pietro de Uria of 
Spain. 

— 

Bridge of Almaraz, over the Tagus. 

210 

Alonzo de Cobarru- 
bias of Spain. 


Fa 9 ade of the Alcazar at Toledo ; convent and 
church of S. Michael at Valenza ; repaired tbe 
church of Toledo, which was erected in 587, 
during the reign of King Riccaredo. 

211 

Diego Siloe of To- 
ledo. 

— 

Cathedral and Alcazar at Granada ; church and 
convent of S. Jerome in the same city. 

212 

Girolamo Genga of 
Urbino, 


Palace of tbe Duke of Urbino, sul Monte dell’ 
Imperiale j the court of the palace restored ; 
church of San Giovanni Battista at Pesaro ; 
facade of tbe cathedral and tbe bishop’s palace 
at Mantua; convent de’ Zoccolanti at Monte 
Baroccio. His son, Bartolomeo, was also an 
artist of considerable repute, and there are 
several of hb works at Mondavio, Pesaro, and 
other parts of Italy. 

213 

Michele San Micheli 


Cathedri of Monte Fiascone ; church of S. Do- 
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menico at Orvieto; numerous fortresses in 
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214 

215 

216 


Philibert de Lorme 
of France. 
Galeaz 2 o Alessi of 
Italy. 

Sante Lombardo of 
Venice. 


16th. 


217 Giacomo Barozzida 

Vignola of Rome, 

218 GiuUo Pippij or 

GiuUo ^mano, 
of Rome. 


219 


Michel Angelo di 
Buonaroti of 
Florence. 


Principal Works. 


the Venetian territory, in Corfu, Lombardy, 
and the ecclesiastical states, as at Legnani, Orzi 
Nuoto, and Castello; palaces di Canossa, dell’ 
Gran Guardia on the Bra ; Pellegrini de’ Versi ; 
the prefecturate and fa 9 ade of the Palazzo 
Bevilaqua at Verona; chapel Guareschi in 
the church of S, Bernardino ; design for the 
campanile of the Duomo ; churches of Santa 
Maria in Organ© de’ Monaci, di Monte Oli- 
vet©, di San Giorgio, and della Madonna della 
Campagna, in the same city ; gates Nuova, del 
Pallio, di S. Zenone, del Palazzo Pretorio, 
and del Palazzo Prefettizio, at Verona ; forti- 
fications of the same city, the first instance of 
the introduction of triangular bastions ; the 
first bastion, that of della Madellina, was 
erected in 1527. 

Commenced the Tuilleries ; built the chateaux of 
St. Maur, Anet, Meudon, and many others. 

The Escurial in Spain ; he was much employed 
at Genoa. 

Palazzo Vendramini ; staircase and fa 9 ade of the 
school of S. Rocca ; palaces Trevisani and Gra- 
denigo, at Venice. 

The magnificent palace at Caprarola for Cardinal 
Famese. 

Villa Madama; Palazzo Lante at San Pietro; 
church della Madonna del Orto; Palazzo Ciccia 
porci alia Strada di Banchi ; Palazzo Cenci sulla 
Piazza S. Eustachio, near the Palazzo Lante, 
and other buildings in Rome ; Palazzo del T. 
at Mantua ; palace at Manoiruolo, five miles 
from Mantua ; modernising and enlarging the 
ducal palaces, the Duomo, and many other 
buildings in the same city ; fa 9 ade of S. Pe- 
tronio at Bologna ; and some works at Vi- 
cenza. Dis style was agreeable. 

Library of the Medici, generally called the 
Laurentian Library, at Florence ; model for the 
facade of the church of San Lorenzo ; second 
sacristy of Lorenzo, commonly called the Ca- 
pella dei Deposit! ; church San Giovanni, 
which he did not finish ; fortifications at Flo- 
rence, and at Monte San Miniato ; monument 
of Julius II. in the church of Pietro in 
Vincola at Rome ; plan of the CaiupidogUo ; 
palace of the Conservatori ; building in the 
centre, and the flight of steps in the Campi- 
doglio, or Capitol, at Rome ; continuation of 
the Palace Farnese, and severi gates at Rome, 
particularly the Porta h^omefitana or Pia; 
steeple of S. Michaele at Ostia; the gate to 
the vineyard del Patriarca Grimani ; tower of 
S. Lorenzo at Ardea ; church of Santa Maria, 
in the Certosa, at Rome ; many plans of 
palaces, churches, and chapels. He was em- 
ployed on St. Peter’s, after the death of San 
Gallo. 



GLOSSARY, ETC 911 

List of Architects. 




AFTER CHRIST. 

No. in 
Gloss. 

Name of Architect. 

Cen- 

tury. 

Principal Works. 

220 

Mascall or Marshall, 
Eustace, of Eng- 
land. 

16th. 

Clerk of the works to Cardinal Wolsey, at the 
building of Christchurch College, Oxford ; and 
chief clerk of accounts for all the buildings of 
Henry VI IL within twenty miles of London. 

221 

JJamiano Torment, 
of Valenza of 
Spain. 


Fa 9 ade of the church of S. Eugra 9 ia, at Sara- 
gossa. 

222 

Martino de Gainza 
of Spain. 


The chapel royal at Seville. 

223 

Alonzo Berruguette, 
of Parades, de 
Naba, of Spain. 


Plan of the former royal palace at Madrid ; gate 
of S. Martino at Toledo ; palace of Alcala in 
that city ; he also assisted at the erection of 
the cathedral of Cuen 9 a. 

224 

Pietro di Vaidevira 
of Spain. 


The beautiful chapel of S. Salvador, at Ubeda ; 
palace in the same place ; hospital and chapel 
of S. Jago at Baeza. 

225 

Pietro Ezguerra of 
Ojebar, of Spain. 

— 

Cathedral of Plasentia ; church of S. Matteo de 
Caceres ; church of Malpartida. 

226 

Ferdinando Riuz of 
Cordova, ofSpain. 

— 

Heightened the great steeple of the cathedral of 
Seville, called the Torre della Giralda. 

227 

Machuca of Spain. 

— 

Royal palace of Grenada. 

228 

Antonio Fiorentino 
of Florence. 


Church of Santa Catarina a Forraello at Naples; 
the cupola of this church is said to have been 
the first that was raised of any considerable 
magnitude in that city. 

229 

Jacopo I'atti, sur- 
named Sansovino, 
of Florence. 


Church of S. Marcello begun, and that of S. 
Giovanni de Fiorentini built ; Loggia, on the 
Via Flaminia, just out of the Porto del Popolo, 
for Marco Coscia; Palazzo Gaddi, now del 
Nicolini, at Rome ; church of St. Francesco 
della Vigna, which was finished by Palladio ; 
Palazzo Comari, sul Canal Grande, at San 
Maurizio ; mint and other public buildings at 
Venice ; church of San Fantino; church of San 
Geminiano, &c. Hb style was of the Ve- 
netian school. 

230 

Theodore Havens of 
England. 

— 

Caius College, Cambridge, a good specimen of 
the architecture of the day. 

231 

Domenico Teocopoli 
of Greece. 


College of the Donna Maria d’Arragona at Ma- 
drid ; church and convent of the Dominican 
nuns; also of the Ayuntamiento at Toledo; 
church and convent of the Bernardine nuns 
at Silos. 

232 

i 

Garzia d’Emere of 
Spain. 

— 

Parochial church of Valeria, near Cuen 9 a. 

233 

Bartolomeo di Bus- 
tamente of Spain. 

— 

Hospital of St John the Baptist, near Toleda 

234 

Giovan Battista di 
Toledo of Spain. 


Designs for the Escurial ; he assisted in planning 
the street of Toledo at Naples, the church of 
S. Jago, belonging to the Spaniards ; palace at 
PosiUppoin thesame city. 

235 

John rhynne of 
England. 

— 

Built Somerset House in 1567. 

236 

Giovanni d’Herrera, 
of Moveilar, of 
Austria. 


Continued the Escurial after the death of his 
master, Giovan Battbta ; plan of the church of 
S. Jago, near Cuen 9 a ; bridge of Segovia at 
Madrid; palace of Aranjuez. 

237 

Pierre de Lescot 
of France. 

— 

Fontaine des Innocens, in the Rue Saint Denys, 
at Paris. 

238 

Sebastiano Serlio of 
Bologna. 

— 

Palace of Grimani at Venice; employed by 
Francis I. of France at Fontainebleau. 
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339 

Bartolomeo Arnma* 
nati of Italy. 

16th. 

Palazzo Pitti ; bridge Santissima Trinita ; 

• Rucellai Palace at Florence ; Jesuit^s college 
at Rome, and many other works. 

240 

Nicholas Abate of 
Modena. 


The old chateau of Meudon, tomb of Francis I. 
at St. Denys ; decorated the apartments of the 
palace of Fontainebleau. 

241 

Andrea Balladio of 
Vicenza, of Italy. 


Olympic Theatre at Vicenza ; 11 Redentore at 
Venice ; and, perhaps, more public and private 
buildings than have been erected before or since 
by any architect. 

241* 

Bernardo Buonta- 
lenti of Florence. 


Villa of MarignoUe, now Casa Capponi ; the 
casino behind San Marco at Florence ; a 
palace for the Acciajuoli, now the Corvini ; 
the ^^ade of the Strozzi Palace in the Via 
Maggiore; the facade of the church della 
Santissima Trinita ; and works in many other 
parts of Italy. 

242 

Domenico Fontana 
of Milan. 


Chapel of the Manger in the church of S. Maria 
Maggiore ; library of the Vatican, and many 
other works. 

243 

John Shute of £ng> 
land. 

— 

A painter and architect, who Nourished during the 
reign of Queen Elizabeth, from 1558 to 1608. 

244 

Robert Adams of 
England. 

— 

Superintendent of royal buildings to Queen Eli- 
zabeth. 

245 

Louis de Foix of 

— 

Monastery of the Escurial in Spain ; the new 


France. 


canal of the Adour ; “ Tour de Cordouan,” at 
the mouth of the Garonne. 

246 

Jaques Androuet du 
Cerceau of France. 


Pont Neuf at Paris; hotels de Sully, de Ma- 
yenne, and that of the Fermes General ; de- 
signed the fine gallery built by Henri IV. at 
the Tuilleries. 

247 

Vincenzo 8camozzi 
of Vicenza. 


Supposed inventor of the angular Ionic capital ; 
made some additions to the library of S. Mark, 
finished the Olympic Theatre at Vicenza, and 
built a theatre at i^bionetta. 

248 

Jacques de Brosse 
of Paris. 

— 

Luxembourg at Paris, and other works. 

249 

Carlo Mademo of 
Lombardy. 


Altered Michel Angelo’s design for St. Peter’s 
at Rome, from a Greek to a Latin cross ; be- 
gan the palace of Urban VIII. 

250 

John Warren of 
England. 

17 th 

Architect of St. Mary’s Church tower, Cambridge. 

251 

Sir H. Wotton of 


Author of “ The Elements of Architecture,” 

. 

England. 


published in London, 1624. 

252 

Inigo Jones of Eng- 
land. 


Banqueting House ; chapel, Lincoln’s Inn ; Sur- 
geons’ Hall ; arcade, Covent Garden, London ; 
and a vast number of other important works. 

253 

Giovanni Battista 
Aleotti of Fer- 
rara. 


Fortress at Ferrara ; many palaces, theatres, and 
other public buildings at M^tua, Parma, 
Modena, and Venice. 

254 

Pierre le Muet of 
France. 

— 

Plan for the grand hotel of Luynes ; hotel Laigle 
and Beauvilliers. 

255 

Francesco Borro* 
mini of Italy. 

— 

Author of “ numerous absurdities ” at Rome and 
Florence, nevertheless much employed. 

256 

Alessandro Algardi 
of Bologna. 

— 

Chiefly employed at Rome. 

257 

Giovanni Lorenzo 
Bernini of Na- 
ples. 


I'he celebrated piazza, colonm^e, and staircase at 

St. Peter’s ; grand fountain of the Piazza Na- 
vona. 

258 

Francois Mansard 

— 

Abbey of Val de Grace ; Chateau des JIasons • 


erf France. 


portal of the Minims in the Place Koyale. i 
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259 

Claude Perrault of 
France. 

17th. 

Facade of the Louvre ; chapel of Sceaux ; chapel 
of Notre Dame in the church of the Petits 
Peres. 

260 

Francois Blondel 
of France. 


Bridge over the Charente at Sointes ; gate a( 
S. Denis at Paris; repair and decorations of 
the gates of S. Antoine and S. Bernard. 

261 

Antoine le Fautre 
of France. 

— 

Wings of St. Cloud ; church of the nunnery of 
Port Royal ; hotels of Gevres and Beauvais. 

262 

Jaques le Mercier 
of France. 


Sorbonne, Palais Royal, S. Roch, Val de Grace, 
were erected by him alter the designs of 
Mansard. 

263 

Gerard Christmas of 
England. 

— 

Designed Aldersgate, London ; vras an architect 
and sculptor. 

St. Paulas ; city of London after the Fire ; 
Hampton Court ; Greenwich Hospital, &c. 

264 

Sir Christopher 

Wren of Eng- 
land. 


265 

Robert Hooke of 
England. 


The Old Bethlem Hospital in Moorfields; Asbe*s 
Alms-houses; fa 9 ade abutting on the street 
of the British Museum. He was associated 
with Wren. He gave a plan for rebuilding | 
London after the Fire. j 

267 

Jules Hardouin 

Mansard of 

France. 


Dome des Invalides ; Gallerie du Palais Royal ; 
the Place de Louis le Grand ; that des Vic- 
toires, &c. He was the nephew of Francis 
Mansard. 

268 

Rev. H. Aldrich of 
EngUnd. 


Three sides of the quadrangle of Christ’s 
Church, called Peckwater Square, chapel of 
Trinity College, and church of All Saint’s, at 
OxforA 

269 

Fischer von Erlach, 
baron, of Ger- 
many. 

18th 

Many churches and palaces. 

270 

Sir John Vanbrugh 
of England. 


Blenheim House; Castle Howard, Yorkshire; 
Eastberry, Dorset ; King’s Weston, near Bris- 
tol; St. John’s Church, Westminster; the 
Opera House of the time. 

270» 

Filippo Ivara of 
Sicily. 


Buildings near Turin on the Superga ; church 
del Carmine ; an interior staircase to the palace 
at Turin ; employed on works in Portogal ; 
finished cupola of Sant’ Andrea, Mantua ; fe- 
9 ade of Duomo at Milan ; palace of the Coimt 
Birago di Borghe at Turin, and numberless 
other works. 

271 

Colin Campbell of 
Scotland. 

— 

Wanstead House, Mereworth. Compiler of the 
“ Vitruvius Britannicus.” 

272 

Kobert de la Cotte 
of Fraiu^ 


He continued the Dome des Invalides ; finished 
the chapel of Versailles ; and raised new 

buildings at St. Denys. 

273 

Nicholas Hawks- 
moor, pupil to 
Wren, of Eng- 
land. 


Designed the church of St. George, Bloomsbury, 
and St. Anne, Limehouse. 

274 

Alexander Jean 

Baptiste le Blond 
of France. 


L’Hotel de Vendome, in the Rue d’Enfer at Paris. 
He was employed much in Rusria by Peter 
the Great. 

275 

Galilei, Alessandro, 
of Italy. 

— 

Corsini Chapel, &c., Rome, 

276 

Galli da Bibiena of 
Italy. 


Theatre Verona ; theatre at Vierma. Author of 
two books on Architecture 

3N 
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277 

Gabriel, Jaques, ol 

18tli. 

Buildings at Bt^deaux, Rennes, Paris, &c. 

278 

James, John, ol 
England. 

B 

Si. George's, Hanoyer Square. 

279 

Leoni Giacomo of 
Italy. 

B 

Lyme HaU. 

280 

Germain de Bofiraoc 
of Nantes, of 
France. 

1 

Much employed in Paris and Germany. 

281 

James Gibbs ctf 
Scotland. 

1 

Radclifie's Labrary, Oxford ; the new church in 
the Strand; St. Martin’s-in-the- Fields ; King’s 
College, Royal Library, and Senate House, 
Cambridge. 

282 

^^iam Kent of 
Fngland. 

■ 

Temple of Venus at Stowe ; Earl of Leicester’s 
house at Holkbam ; staircase at Lady Isabella 
Finch’s in Berkeley Square ; and other works. 

283 

Ripley, Thomas, of 
England. 

— 

Houghton Hall ; Admi^ty 

284 

Edmund Bouchar* 
don of France. 

— 

Many buildings at Paris. 

285 

Labelye, Charles, of 
Switaerland. 

— 

Westminster Bridge. 


Sacchetti, Giambat- 
tista, of Turin. 


Royal Palace, Bladrid. 

287 

Burroughs, Sir 

James, of lEng- 
land. 


Senate House, Cambridge. 

288 

Jean Nicholas Ser- 
▼andoni of France. 

" 

Part of the church of S. Sulpice at Paris; 
many theatres and decorations ibr theatres at 
different places. 


Ware, Isaac, of Eng- 

— 

Foot’s Cray, &c. Edited a version Palladio. 


Dance, George, of 
England. 

_ 

Mansion House, X^ondon and other works. 


VaoTitelli, Luigi, of 
Italy. 

— 

Palace at Caserta, &c. 

292 

Jacques, Francois 
Blonde], of 

Rouen, of France. 


Royal abbey of SH. Louis ; a street and square 
oppcmte to the cathedral at Rouen; many 
other works both there and at Strasburg. 

293 

Earl of Burlington 
of England. 

— 

Chiswick House ; Burlington House, Picca- 
dilly; and other works. 

294 

John Brettingham 
of England. 

Fuga, Ferdinando, 
Italy. 

— 

Holkh^ Hall in Norfolk, finished by, in 1764. 

295 

— 

Palazzo CoTsini, &c., Rome, Naples, &c. 


SSmonetti, M. Aug., 
of Italy. 

— 

The Museo Ko Clementino in the Vatican. 


Gabriel, J. A., of 
France. 


Ecole Militaire and Garde Meuble, Paris. 


John lb>dolphe 

Ferronet of France. 

— 

Director of the bridges and roads of France, 
bridge of Neuilly, and many others. 

299 

Jacques Germain 
Soaffl<^ of France. 


Hospital at Lyons ; exchange, concert-room, 
and theatre in the same city ; portal, nave, 
and towers of the church of St. Genevieve. 

300 

Sur William Cham- 
bers of England. 

— 

Somerset House, and many other works. 

301 

Robert Adam of 
England. 


Architect to Geo. ill.; author of a work on the 
mins of Spalatro ; his principal works are the 
Register OfiSce at Edinburgh ; infirmary at 
Glasgow ; the Edinburgh University ; Luton 
House ; Adelphi Terrace. 
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302 

Sir Robert Taylor 
of England. 

18th. 

Parts of Bank of England now taken down, and 
a great number of buildings in this country. 

303 

Paine, James, of 
England. 

— 

Mansion House, Doncaster ; 'VTardour Castle ; 
Worksop. Designs published. 

304 

Louis of France. 


Theatre at Bordeaux, &c. 

305 

Antoine, Jacques 
Denis, of France. 

— 

The Mint, Paris ; ditto at Berne, &c. 

306 

Ledoux, Claude Ni- 
cholas, of France. 

— 

Barrieres at Paris ; Hotel Thelusson, &c. ; and 
author of a splendid work on architecture. 

307 

Holland, Henry, of 
England. 

Bonomi, Joseph, of 
Italy. 

— 

Carlton House; old Drury Lane, &c. 

308 

— 

Roseneath ; alterations at Riddlcstone, &c. 

309 

Legrand, Jacq. 

Guill., of France. 

— 

Theatre Feydeau, Paris ; many architectural 
works, &c. 

310 

Langhans, C. G., of 
Germany. 

— 

Brandenburg Gate, Ac, Berlin. 

311 

Mylne, Robert, of 
Scotland. 

— 

Biackfriars Bridge ; Inverary Castle, &c. 

312 

Gondouin, Jaques, 
of France, 

— 

Ecole de Medecine, Paris. 

313 

Fischer, Karl, of 
Germany. 

— 

Theitfre, &c., Munich. 

314 

Dance, George, of 
England. 


Newgate; St. Luke’s Hospital. 

315 

Gandon, James, of 
Ireland. 

— 

Custom House, Exchange, Four Courts, &c,, 
Dublin. 

316 

Soane, Sir John, of 
England. 


Bank of England ; Board of Trade ; State Paper 
Office. 

317 

Percier, Charles, of 
France* 


Architect of the TuUleries ; restorations, &c. at 
Louvre and Tuilleries; Chapelle Expiatoire. 
Author of Recueil de Decorations. 


Architectoke. The art of building according to certain proportions and rules deter- 
mined and regulated by nature and taste. As the art, in its various parts, is the subject 
of this work, we do not here consider further definition necessary. For origin and 
progres;^ see Book I. Chap. I, Sect, 2. ; different species at early period. Book I. Chap. I. 
Sect. 3. 

Architecture, Arabian or Saracenic, Book I. Chap. II. Sect. 10. 

" Babylonian, Book I. Chap. II. Sect. 3, 

■ British, Early Period, Book I. Chap. III. Sect, 1. 

— I. Byzantine and Romanesque, Book I. Chap. II. Sect. 14, 

— — Celtic and Druidical. See Dbuidical. 

■ Cyclopean. Sec Pelasgic. 

— — ' Chinese, Book I. Chap. II. Sect. 8. 

■ " Druidical and Celtic, Book I. Chap. II. Sect. 1« 

' Egyptian, Book I. Chap. II. Sect. 7. 

Early English, Book 1. Chap. III. Sect. 3. 

' Elizabethan, Book I. Chap. III. Sect. 6 . 

Etruscan, Book I. Chap. II. Sect. 12. 

French, Book I. Chap. II. Sect. 17. 

■' Florid English or Tudor, Book I. Chap. III. Sect. 5. 

OF George I., Book I. Chap. III. Sect. 8, 

OF George IL, Book I. Chap. III. Sect. 9. 

— ■' OF George III., Book I. Chap. III. Sect. 10. 

■ — German, Book I. Chap. II. Sect. 18. 

• — Grecian, Book I. Chap. II- Sect. li. 

• Indian, Book I. Chap. II. Sect. 6. 

— ■ Italian, Book I. Chap. II. Sect. 16. 

— — James 1. to Anne, Book I. Chap. III. Sect 7. 
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Architectub-e, Jewish, Book I. Chap. II. Sect. 5. 

Mexican, Book I. Chap. II- Sect. 9. 

Norman, Book I. Chap. III. Sect 2. 

— Ornamented English, Book I. Chap. III. Sect. 4. 

— Pelasgic and Cyclopean, Book. I. Chap. II. Sect. 2. 

— Persepolitan, Book I. Chap. II. Sect. 4. 

Pointed, Book I. Chap. II. Sec. 15. 

Roman, Book I. Chap. II. Sect. 13, 

Russian, Book I. Chap. II. Sect. 20. 

Spain and Portugal, Book I. Chap. II. Sect. '19. 

Architecture, Works on. It would too far extend this work to print a list of these, 
but we here insert 


A Catalogue of the principal and most useful Works to the Student of Architecture, 
arranged under the several Classes of 


1. Grecian Architecture. 

2. Roman Architecture. 

3. Miscellaneous, on Ancient Architec- 

ture. 

4. Gothic Architecture. 

5. Modern Foreign Architecture. 


6. Modern English Architecture. 

7. Rural Architecture. 

8. Theatres. 

I 9. Bridges. 

i‘ 10. Elementary and Practical Works. 
j 11. Ornaments. 


I. Grecian Architecture. 

Aberdeen’s, Earl of Inquiry into the Principles of Beauty in Grecian Architecture. 
8vo. London, 1822. 

Aikin’s, E., Essay on the Doric Order. Imperial folio. London, 1810. 

Antiquities (the unedited) of Attica, comprising the Architectural Remains of Eleusis, 
Bhamnus, Sunium, and Thoricus. By the Society of Dilettanti, and edited by 
Wilkins, Gandy Deering, and Bedford. Imperial folio, 79 plates. London, 1817. 

Antiquities of Ionia, by Chandler, Revett, and Pars. Imperial folio, plates, 2vols., 
London, 1817-23. 

Chambers’s Civil Architecture. Gwilt’s Edition. Introductory Essay on Grecian Archi- 
tecture. Imp. 8vo. London, 1 825. 

Chandler’s, R., Travels in Asia Minor and Greece. 2 vols. 4to. London, 2817. 

Choiseul, Gouffier. Voyage Pittoresque de la Grece. 2 vols. folio. Paris, 1782 — 1809. 

Cockerell’s, C. K., Temple of Jupiter Olympius at Agrigentum. London, 1825. 

Delagardette, Les Ruines de Pa?stum, oo Posidonia. Royal folio. Paris, 1799. 

Donaldson. Collection of the most approved Examples of Doorways from ancient Build- 
ings in Greece and Italy. 2 vols. 4to. London, 1833. 

Gartner, F. Monuments of Greece and Sicily. Folio. Munich, 1819. 

Harris and Angell, Temple of Selinus. Large 4to. plates. London, 1826. 

HittorjK Architecture Antique de la Sicile. Paris, 1825-30-37. 

Le Roy. Les Ruines, les plus beaux Monuments de la Grece, considerees du Cot4 de 
i’Histoire, et du Cote de T Architecture. Imp, folio, plates by Le Bas. Paris, 1758. 
Not a correct work. 

Major, T. Ruines de Paestum. 24 plates, large folio. 1768. 

Quincy’s, M. Quatremere de, Jupiter Olympien. Large folio, plates, some coloured. 
Paris, 1815, ^ ^ 

Restitution des Deux Frontons du Temple de Minerve a Athenes. 4to. 3 plates, 

Paris, 1825. 

Stanhope, J. S. Olympia ; or Topography of the ancient State of the Plain of Olympia, 
and of the Ruins of the City of Elis. Imp. folio. London, 1824. 

Stuart’s, James, Antiquities of Athens. 4 vols. large folio. 1762, &c. 

Stuart, James, F. R.S. F.S.A., and Nicholas Revett’s Antiquities of Athens, a second 
edition, with a very considerable augmentation of notes of subjects further elucidated 
and brought to light by Travellers since the times of Stuart and Revett, edited by 
W. Kinnaird, architect, with an additional and entirely new volume (as supplement) 
of Architecture and Antiquities in Greece, Sicily, &c., the result of recent Travels 
and Investigations, by C, R. Cockerell, W. Kinnaird, T. L. Donaldson, W. Jenkins, 
and others, architects. 4 vols. royal folio, about 200 plates- 1825 — 1830. 

The plates in the three first volumes of this edition are from the coppers of the 

French edition. , . 

Visconti, Chevalier. Ouvrages de Sculpture du Parthenon. 8vo. Pans, 1818. 

Wilkins, W. Antiquities of Magna Gr«cia. Imp. folio. Cambridge, 1807. An ill- 
drawn work. 

Ml — Topography and Buildings of Athens. Royal 8vo., plates. 1816. 
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Adams, Robert. Ruins of the Palace of the Emperor Diocletian at Spalatro in Dalma- 
tia. Folio, 61 plates. London, 1764. 

Allason, T. Picturesque Views of the Antiquities of Pola. Folio, 14 plates. London, 
1817. 

Bartoli, P. S. Gli Antichi Sepolchri ovvero Mausolei Romani ed Etruschi. Folio, 
110 plates. Roma, 1727. 

- .1 . — Colonna Trajana, a P. Bellori. 128 plates. 

Bellonii, J. P. Veteres Arcus Augustorum Triumphis insignes ex Reliquiis quae Rom® 
adhuc supersunt per J. J. de Rubeis. Folio- Roma, 1 690. 

Bianchi di Lugano, P. Osservazioni suU’ Arena, e sul Podio dell* Anfiteatro Flavio. 
Folio. Roma, 1812. 

Bianconi, G. L. Descrizione dei Circhi. Folio, 20 plates. Roma, 1789. 

Cameron’s Baths of the Romans explained and illustrated. Folio, 75 plates. London, 
1772. 

Caristie. Plan et Coupe d’une partie du Forum Romain et des Monumens sur la Voie 
Sacree. Atlas folio. Paris, 1821. 

Castell’s Villas of the Ancients illustrated. Large folio. 1728. 

Ciampini, J. Rom. Vetera Monumenta. Rom®, 1747. 

Cipriani, G. B. Monumenti di Fabbriche Antiche. 4to. Roma, 1796. 

Desgodetz, A. Edifices de Rome, dessinces et m^sur^ tres exactement. Folio, up- 
wards of 300 plates. Paris, 1682. 

Gell, Sir W., and J. P. Gandy. Pompeiana ; the Topography, Edifices, and Ornaments 
of Pompeii. 2 vols. imperial 8vo. London, 1 824. 

Grangent, M. M., C. Durand, et S. Durant. Description des Monumens Antiques du 
Midi de la France. Folio, plates. Paris, 1819- 

Haudebourt, L. P. Le I.aurentin ; Maison de Campagne de Pline le Jeune. Large 
8vo. plates. Paris, 1838. 

Labacco, Ant. Appartenente all* Architettura nel qual si figurano alcune notabili Anti- 
quiti di Roma. Plates, folio. Roma. 

MafTei, Scipio. History of Ancient Amphitheatres. Translated by Gordon. 8vo. London, 
1730. 

IVIazois. Ruines de Pompeii. Paris, 1 830. 

Nibby, Ant. Del Foro Romano, della Via Sacra, deli* Anfiteatro Flavio, e di Luoghi 
adjacenti. 8vo. Roma, 1819. 

Palladio, A. I Quattro Libri d’ Architettura; whereof the last book is of ancient Roman 
Architecture. Several editions published at Venice. Figures on wood blocks. 

— — II Tempio di Minerva in Assisi confroutato colle Tavole di Giov. Antolini. 

Folio. Milano, 1 803. 

Les Termes des Remains dessinces. Par O. B. Scamozzi, d'apres 1’ Exemplaire 

du Lord Burlington. Folio. Vicenza, 1785. 

Piranesi, Giov. Bapt. The works of (the son) subsequent to the death of John 
Baptist Piranesi. 29 vols. imperial folio, and double elephant folio. An abbreviated 
list of them is subjoined ; — 

Vol. 1. Ruins of ancient Edifices of Rome, with the Explanation, Aqueducts, 
Baths, the Forum, &c. &c. 

Vol. 2. Funeral Monuments, Cippi, Vases &c, 

Vol. 3. Ancient Bas-reliefs, Stuccoes Mosaics Inscriptions, ^c. &c. 

Vol. 4. Tlie Bridges of Rome, the Ruins of the Theatres, Porticoes &c. &c. 

Vol. 5. The Monuments of the Scipios. 

Vol. 6. Ancient Temples the Temples of Vesta, of Honour and Virtue, Statue of 
the Goddess Vesta, Altar to Bacchus, the Pantheon of-Rome, &c. &c. 

Vol. 7. The Magnificence of the ancient Roman Architecture, Pedestals of the 
Arches of Titus and Septimius Severus Portico of the Capitol, &c. &c. 

Vol. 8. Grecian, Etruscan, and Roman Architecture, Arches of Triumph, Bridges, 
Temples Amphitheatres, Prisons, &c. 

Vol. 9. Fetes and Triumphs from the Foundation of Rome to Tiberius Temple of 
Castor and Hercules and other antique Monuments of the ancient City of Cora, 
&c. &c. 

Vol. 10. The ancient Campo Marzio, Ruins of the Theatre of Pompeii, Portico of 
Octavius, Reservoir of the Virgin Water, Mausoleum of Augustus Palace of 
Aurelius the Pantheon, the Cave of the Archives of the Romans, Baths and 
Tombs of Adrian, Apotheosis of Antonine the Pious Arch of Marcus Aurelius 
Baths of Sallust, Plan of the Roman Senate House, &c. &c. 

Vol. 11. Antiquities of Albano, Temple of Jupiter, sepulchral Attributes to the 
Horatii, Amphitheatre of Domitian, ancient Baths ficc. 
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V61. 19. Ancient Candelabras and Vases, Urns, X^amps, &c. &c. 

VoL 1$. Ancient Candelabras and Vases, Urns, Lamps, &c. &c. 

VoL 1 4. The Trajan and Antonxne Columns. 

Vol. 15. Ruins of Paestum, Temple of Neptune, Temple of Juno, &c. &c. 

Vol. 16. The principal modem Edifice of Rome, Monuments, Palaces, Fountains, 
Aqueducts, Bridges, Temples, Porticoes, Amphitheatres, Baths, &c. &c. 

Vol. 17. The Princip^ Modem Edifices of Rome, Monuments, Palaces, Fountains, 
Aqueducts, Bridges, Temples, Porticoes, Amphitheatres, Baths, &c. &c. 

Vol. 18. The principal ancient Statues and Busts of the Royal Museum of France, 
the Vatican, of the Capitol, Villa Borghese, Villa Ludovici, Famesian Palace, 
the Gallery of Florence, &c. Ac. 

Vol. 1 9. Theatre of Herculaneum. 

VoL 20. Egyptian, Grecian, Etruscan, and Roman Chimney Pieces, Ornaments, 
&c. &c. 

Vol. 21. Forty-four Plates after Guercino, by Piranesi, Bartolozzi, &c. 

VoL 22, Italian School of Painting. 

Vol. 23. Twenty-four grand Subjects from Rafaelle, Volterra, Pompeii, Hercula- 
neum, &c. &c. 

Vol. 24. Twelve Paintings of Rafaelle, in the Vatican, &c. &c. 

Vol. 25. Fourteen Paintings of Rafaelle, in the Vatican, &c. &c. 

Vol. 26. Thirteen Paintings of Vasari, after the Designs of Michael Angelo, &c. &c. 
Vol. 27. The Destruction of Pompeii, its Tombs, Utensils, Ornaments, &c. &c. 

Vol. 28. Antiquities of Pompeii, its Houses, Tombs, Vases, &c. 

Vol. 29. Antiquities of Pompeii and Herculaneum, &c. &c. 

Ponce. Description des Bains de Titus. Folio, plates. Paris, 1786. 

Taylor, G. L., and Edward Cresy. Architectural Antiquities of Rome, 2 vols. folio. 
London, 1820 — 1822. 

Valadier, Gius. Raccolta delle piu insigni Fabbricbe di Roma Antica e sui Adjacenze, 
illustrata con Osservazioni Antiq da F. A. Visconti, ed incise da V. Feoli. Plates. 
Rome, 1810—26. 

Vandoyer, A. L. T. Description du Theatre de Marcellus a Rome. 4to. Paris, 1812. 
Vasi, Giuseppe. Magnificenze di Roma Antica e Moderna. 3 vols. Roma, 1747. 
Wood’s Ruins of Balbec and Palmyra. 2 vols. folio. London, 1753 — 1757. 

HI. Miscellaneous. 

Agincourt, D*, Seroux. Histoire de TArt par les Monumens. 6 vols. folio. Paris, 1823. 
Arundale’s Illustrations of the Buildings and Antiquities of Jerusalem, &c., with a Tour 
in Syria and Egypt. Plates, 4to. l^ndon, 1838. 

Belgrado. Architettura Egiziana ; Di^^rtazione d’ un Correspondente dell’ Academia 
delle Scienze de Parigi. 4to. Farina, 1786. 

Cassas. Voyage Pittoresque de la Syne, de la Phenicie, de la Palestine, et de la Basse 
Egypte. 2 vols- folio. 

Coote, Architecture Arabe ; ou Monument de Caire. Paris, 1824, &c. 

Coussin. Genie de 1’ Architecture. 4to. 60 plates. Paris. 

Daniel’s Oriental Scenery. 9 vols. folio. London, 1813. 

David. Antiquites Etnisques, Grecques, et Romaines. 5 vols. avec explications par 
d’Hancarville. Paris, 1787. 

Denon*s Egypt. Reprinted in London. 

Durand, J. N. L. Recueil et Parallele des Edifices de tout Genres, anciens et 
modemes. Elephant folio, 90 plates, and 8vo. : text by Legrand. Paris, 1801 — 1809. 
Gau, F. C. Antiquites de la Nubie ; ou Monumens inMits des Bords du Nil, situ^ 
entre la Pr«ni^re et la Seconde Cataracte. Folio. Pari% 1 824-5. 

Girault de Prangey. Monumens Arabes et Moresques de Cordoue, Seville, et Grenada. 
Xiarge folio. Paris, 1 840. 

Jones, Owen, and J. Goury’s Hans, ^evations, and Sections of the Alhambra. Folio, 
london, 1838 — 1840. 

I^angles, L. Monumens, anciens and modemes, de I’Hindostan. 2 vols. folio. 
Paris, 1818- 

Mont&u^on, Bernard de. L’ Antiquity eipliqu^e et represent6e en Figures. 5 vols. 

folio; Supplement, 5 vols, folio, 964 plates. Paris, 1729 — 1733 
Murphy’s, J., Plans, Elevations, SectioiK, and Views of the Batalha. Large folio, 
plate& London, 1836. 

Arabian Antiquities of Spain. Atlas folio, 97 plates. London, 1828. 

Quincey, Quatremere de. L’ Architecture Egyptienne consideree. 18 plates, 4to. 
Paris, 1803. 

Rich’s Ruins of Babylon. 8vo. Lod^zl 
T oumefort’s Voyage into the Levant. 2 vols, 4to. 1718. 
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Winckdinan. Remarques sur I’Architecture des Anciens. 8to. Paris, 1783. 

Histoire de I’Art chez les Anciens. 3 vols. 4to. Paris, 1 790. 

Monumenti Antichi inediti. 2 vols. folio, 184 plates. Napoli, 1820. 

IV. Gothic AacHiTECTuaE. 

Archsologia. A work consisting of many vols. published by the Society of Antiquaries. 
It contains several essays on Gothic and English architecture, and subjects connected 
with it, as well as on ancient and modern architecture ; but, as the society are not 
responsible for the lucubrations which appear in it, and the papers published are 
therefore merely to be considered as the opinions of their writers, there are extremely 
few on which a student could rely with safety ; and we have therefore mentioned it as 
a work in which it is possible some points may be found valuable for his perusal ; but 
this opinion is confined exclusively to the art in which we have presumed that we 
ourselves possess some small information ; many of the historical and other articles 
in it being of great value. 

Bardwell, W. Temples, ancient and modern; or. Notes on Church Architecture. 
Large 8vo. London, 1837. 

Bentham, J. History and Antiquities of the Church at Ely. 4to. 1771, 

Essay on Gothic Architecture. 8^0. 

Blore. Monumental Remains of noble and eminent Persons. Imp. 8vo. London, 1826. 

Britton. Cathedrals, comprising Canterbury, York, Salisbury, Norwich, Oxford, Win- 
chester, Litchfield, Hereford, Wells, Exeter, Worcester, Peterborough, Gloucester, 
and Bristol. 4to. 1835. 

As respects the graphic part of this work, it is one of great value to the student. 

Britton, J. Architectural Antiquities of Great Britain. 4 vols. 4to. London, various 
dates. 

- Chronological and Historical Illustrations of the ancient Ecclesiastical Archi- 

tecture of Great Britain. 4to. London, 1835. 

History and Antiquities of Bath Abbey. Royal 8vo. 

- History and Antiquities of Radclyffe Church. 4to, 

Britton and Brayley. History of the ancient Palace and late Houses of Parliament at 
Westminster. 8vo. London, 1836. 

Boisser^e, Sulplce. Vues, Plans, Coupes, et Details de la Catbedrale de Cologne, 

Very large folio. Stutgard, 1827. 

Carter, J. Ancient Architecture of England. 2 vols. folio, 1837. 

Caveler, W. Select Specimens of Gothic Architecture 4 to. 80 plates. Loudon, 1839. 

Cotman, J. S. Architectural Antiquities of Norfolk. Folio, 60 plates. 

■■■ - Architectural Antiquities of Normandy. 2 vols. folio, 1820-1. 

Cresy, Edw., and G. L Taylor. The Architecture of the Middle Ages at Pisa, from 
Drawings and Measurements in 1817, accompanied by descriptive Accounts of their 
History and Construction. Imp. 4to. London, 1828-9. 

Dallaway, Rev. James. Observations on English Amhitecture. Roy. 8vo. Lond. 1806. 

Notices of ancient Church Architecture in the Fifteenth Century. 4to. 1824. 

- . Discourses on Architecture. Svo. London, 1833. 

Ducarel. Angles- Norman Antiquities. Plates, folio. 

Dugdaie, W. History of St. Paul’s Cathedral in London. Folio, 1688. 

Gage, J. History and Antiquities of Hengreave in Suffolk. Royal 4to. plates, 1822. 

Gough. Sepulchral Monuments in Great Britain. Folio, 5 vols. London, 1796. 

Grose, Captain. Essay on Gothic Architecture. Svo. 

Haber^on, M. Ancient half-timbered Houses of England. 4to. London, 1836. 

Halfpenny, J. Gothic Ornaments in the Cathedral of York. 4to. 105 plates, 1795. 

- Fragmenta Vetusta ; or, Remains of ancient Buildings in York. Royal 4to. 
34 plates, 1807. 

Hall, Sir J. Essay on the Origin, History, and Principles of Gothic Architecture. 
4to. 59 plates, 1813. 

Hawkins, J. S. Origin and Establishment of Gothic Architecture. Plates, large Svo. 
1813. 

King’s Monumenta Antiqua. 4 vols. folio, plates. London, 17^. 

Langlois, E. H. Description Historique des Maisons de Rouen. Svo. with plates. 
Paris, 1821. 

Lusson, A. L. Specimen d* Architecture Gothique ; ou Plans, Coupes, Elevations de la 
Chapelle du Chateau de Neuville. Folio, 17 plates. Paris, 1839. 

Mackenzie and Pugin. Specimens of Gothic Architecture, consisting of Doors, Win- 
dows, Buttresses, Pinnacles, &c. 4to. 62 plates. 

Milan. Nuovo Descrizione del Duomo di Milano, &c. Svo. plates, Milano, 1820. 

Miller, G. Description of the Cathedral Church of Ely, with some Account of the 
Conventual Buildings. 1808. 

3 N 4 
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Milner, J. Treatise on the Ecclesiastical Architecture of England. Royal 8vo. plates. 
London, 1835. 

Holier, G. Monumens de F Architecture Allemande. Folio, Darmstadt, 1836. 

Pugin, A. Specimens of Gothic Architecture, selected from various ancient Edifices 
in England. 4to. plates, 2 vols. X>ondon, 1823. 

Examples of Gothic Architecture. 3 vols. 4to. 224 plates. London, 1836. 

' Examples of Gothic Ornaments. 4to. 90 plates, 1839. 

Examples of Gothic Gables. 4to. 30 plates, 1839. 

— ■ " Specimens of Anglo-Norman Architecture. 4to. 80 plates, 1826. 

Shaw, H. Series of Details of Gothic Architecture, selected from various Cathedrals, 
Churches, &c. Folio. London, 1 823. 

Smith, J. Specimens of ancient Carpentry. 4to. 36 plates. 

Vetusta Monuments : published by the Society of Antiquaries of L<ondon. 6 vols. 
large folio. 

Warton, Rev. T. Essay on Gothic Architecture. 8vo. 

Whittington, G. D. Ecclesiastical Antiquities of France. Large 8vo. Lon^n, 1811. 
Wild. Cathedral Church of Lincoln. 4to. London, 1 838. 

Willement, T. Repil Heraldry. London, 1821. 

Winkles, B. English Cathedr^s. 2 vols. Ix)ndon, 1837. 

Woolnoth. Ancient Castles. 2 vols. large 8vo. London, 1825. 

V. Mooern Foreign Architecture. 

Blondel, J. B. Plan, Coupe, Elevation, et Details, du nouveau Marche St Germain. 
Folio. Paris, 1816. 

Bonanni, P. P. TempU Vatican! Historia. Folio. Romce, 1696. 

Brogniart, A. T. Plans du Palais de la Bourse de Paris et du Cimeti^re Mont Louis. 
Folio. Paris, 1814. 

Callet et Lesueur Architecture ltalienne;ou Palais, Maisons, et autres Edifices d’ltalie. 
Cicognara, L. Le Fabbriche pib cospicue di Venezia, misurate, illustrate, ed intagliate. 
2 vols. large folio. Venez. 1815. 

Clocbar, P. Palais, Maisons, et Vues dTtalie. Folio, 102 plates. Paris, 1809. 

Costa, G. Deiizie del Fiume Brenta, espresse ne* Palazzi e Casini situate sopra le sue 
Sponde. Folio. Venezia, 1750. 

Dumont (Euvres d’ Architecture ; contenant les Details de St. Pierre de Rome. Folio. 
Paris. 

Duval. Fontaines de Paris. Folio. Paris. 

Fontana, C. Templum Vaticanum, et ipsius Origo. Folio. Rom®, 1694. 

Gauthier, M. P. Les plus beaux Edifices de la Ville de Genes et de ses Environs. 
Folio. Paris, 1824 — 1830, 

Grandjean de Montigny et A. Famin. Architecture Toscane. Folio, 73 plates. Paris, 
1837. 

Gwilt, Joseph. Notices of the Buildings of Architects of Italy. 8vo. London, 1818. 
Hittorfif, J., et L. Zantb. Architecture Modeme de la Sicile. Imperial folio. Paris, 
1825 — 1839. 

Klenze, L. Von Sammiung Architectonischer Entwurfe. Folio. Munchen. 

Krafi^ J. C. Recueil d’Architecture civile, contenant les Plans, Coupes, et Ele- 
vations des Chateaux, Maisons de Campagne, et Habitations rurales. Folio. Paris, 
1809. 

l^^rand, J. G., et C. F. London. Description de Paris et de ses Edifices. 2 vols. 
Paris, 1806. 

LetarouUly, P. Edifices de Rome Modeme. Folio. Paris, 1 829. 

Moby, M. Fontaines de Paris, anciennes et nouvelles, par Duval. Folio, 59 plates. 
Paris, 1812. 

Palladio, A. I®s Batimens et Desseins recueilles et illustres, par Ottavio Bertotti Sca- 
mozzi. In French and Italian. 4 vols. folio. Vicenza, 1 78 7. 

M -i L’Architectura di. Venezia, 1642, 

Patte, P. Etudes d’Architecture. 4to. plates. Paris, 1755. 

Pieraccini, F. La Piazza del Granduca di Firenze co* suoi Monumenti. Folio, plates, 
Firenze, 1830. 

Percier et Fontaine. Choix des plus cel^bres Maisons de Plaisance de Rome et de ses 
Environs. Folio. Paris, 1824. 

Rossi, G. J. Raccolta di Fontane nel alma Citta di Roma, Tivoli, e Frascati. 4to. 
Rome. 

Sonmichele, M. Porte di Citta e Fortezze, Deposit! sepolchraii, ed altre principal! Fab- 
bricbe pubbliche ed private, da F. AlbertoUi. Imperial folio. Milan, 1815. 

SchinkeL Sammiung Architectonischer Entwurfe. Large oblong folio. Berlin, 
1819—1838. 
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Suys, F. T., et L. P. Handebourt. Palais Massimi a Rome; Plans, Coupes, Elevations, 
Profiles, Voutes, Plafonds, &c. 43 plates. Paris. 

VI. Modern English Architecture. 

Adam, W. Vitruvius Scoticus ; a Collection of public and private Buildings in 
Scotland. Folio, 160 plates. Edinburgh. 

Brcttingham, M. Plans, Elevations, and Sections of Holkham, in Norfolk. Folio, 
1763. 

Campbell’s, C., Vitruvius Britannicus. 5 vols. folio; the two last being a Continuation 
by Woolfe and Gandon. 1731 — 1771. 

Chambers’s, Sir W., Plans, Elevations, Sections, &c. of the Gardens and Buildings at 
Kew. London, 1757. 

Gibbs’s, J., Book of Architecture, containing St. Martin’s Church. Large folio. Lon- 
don, 1728. 

Designs for the Radclyffe Library. Folio. I^ondon, 1 747. 

Goldicutt, J. Heriot’s Hospital, Edinburgh, the Design of Inigo Jones. Folio, 8 
plates. London, 1 828. 

Jones, Inigo. Designs for public and private Buildings, by Kent. Folio. London, 
1770. 

Lewis, James. Original Designs in Architecture, consisting of Plans, Elevations, and 
Sections of various public and private Buildings in England and Ireland. 2 vols. 
folio, 61 plates, 1780—1797. 

Mitchell, R. Plans and Views in Perspective, with Descriptions of Buildings erected in 
England and Scotland. Folio, 18 plates, 1801. 

Paine, J. Plans, Elevations, &c. of Noblemen’s and Gentlemen’s Houses in various 
Counties. Folio, 175 plates. London, 1783. 

Richardson, G. New Vitruvius Britannicus. 2 vols. folio. London, 1802. 

VII. Rural Architectore, 

Architecture Rurale, Theorique et Pratique, a I’Usage des Proprietaires et des Ouvriers 
de la Campagne. 8vo. 11 plates. Toulouse, 1820. 

.Aikin, E. Designs for Villas and other Rural Buildings. 4to. London, 1 835. 

Gandy, J. Rural Architect, consisting of various Designs for Country Buildings. 4 to. 
42 plates. London, 1 805. 

~ Designs for Cottages, Cottage Farms, and other Buildings ; including Entrance 
Gates and Lodges. 4to. 43 plates. London, 1805. 

Goodwin, F. Rural Architecture. 2 vols. 4to. London, 1835. 

Designs of Peasants’ Cottages, Gate Lodges, small Dairy Farm Houses, &c. 4to. 

London, 1833. 

Supplement to Cottage Architecture, l.ondon, 1835. 

Kraflft, J. C. Plans des plus beaux Jardins Pittoresques de France, d’Angleterre, et 
d'AUemagne, et des Edifices, Monumens, Fabriques, &c., qui concourent a leur Em- 
bellissement, dans tous les Genres d’ Architecture. 2 vols. oblong 4to. Paris, 1809. 

Loudon, J. C. Encyclopaedia of Cottage, Farm, and Villa Architecture. 8vo, London, 

1839. 

Malton, J. Essay on British Cottage Architecture. Large 4to. London, 1804. 

Morel- Vinde, le Vicomte de. Essai sur les Constructions Rurales Economiques ; con- 
tenant leurs Plans, Coupes, Elevations, Details, et Devis. Folio. Paris, 1824. 

Normand, C. Recueil varie de Plans et de Fa 9 ad^ Motifs pour des Maisons de Ville 
et de Campagne. Folio, 53 plates. Paris, 1815. 

Papworth, J. B. Rural Residences ; a Series of Designs for Cottages, decorated Cot- 
tages, small Villas, &c. London, 1832. 

Robinson, P. F. Rural Architecture ; or a Series of Designs for Ornamental Cottages. 
4to. 96 plates. London, 1823. 

Designs for Ornamental Villas, 4to. London, 1 837. 

Designs for Village Architecture. 4to. London, 1837. 

Designs for Farm Buildings. 4to. London, 1837. 

Soane, J. Sketches in Architecture; containing Plans and Elevations of Cottages, 
Villas, and other useful Buildings. Folio, 43 plates. London, 1 798. 

VIII. Theatres. 

Amaldi, Conte Enea. Idea di un Teatro nelle principal! sue Parti simile a* Teatri 
Antichi all’ Uso modemo accomodato. 4to. Vicenza, 1762, 

Beccega, T. C. SuU’ Architettura Greco- Romana appUcata alia Costruzione del Teatro 
moderno Italiano e sulle Macehine Teatrali, Folio. Venezia, 1817. 

Bonnet, A., et J, A. Kaufinann. Architectonographie des Theatres de Paris, ou Parallele 
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Historiqtie et Critique de ces Edifices, consideres scmis le Rapport de 1’ Architecture et 
de la Dicoration. 2 vols. 8vo. 4 atlas of plates. Paris, 1837. 

Borgnis, J. A. Des Machines ImitatiTes et des Machines Teatrales. 4to. 27 plates. 
Paris, 1820. 

BouUet. Essai sur I’Art de construire les Theatres, leurs Machine^ et leurs Mouve> 
mens. 4to. plates. Paris, 1801. 

Oescrizione del Nuovo Sipario dell’ Imperiale Regio Teatro deUa Scala in Milano. Small 
folio. Milano, 1821. 

Dumont. Parallele de Plans des Salles de Spectacle d’ltalie et de France, avec des 
Details de Machines Teatrales. Imperial folio, 61 plates. Paris, 1774. 

Fontanesi, C. F. Decorations for Theatres; or Designs for Scene Painters. Oblong 
folio, 24 plates, 1813. 

Galliari. Decorations de Theatre. Folio, 24 plates. Milan. 

Giorgi Felice. Descrizione Istorica del Teatro di Tor di Nino. 4to. 9 plates. Rome, 
1795. 

Landriani, P. Osservazioni sui Defetti prodotti nei Teatri dalla cattiva Costruzione 
del Palio Scenico, e su alcune Inawertenze nel dipingere le Decorazioni. 4to. 
9 plates. Milano, 1815. 

Louis, M. Salle de Spectacle de Bourdeaux. Atlas folio, 22 plates, containing plans 
of several other theatres. Paris, 1782. 

Morelli, Cos. Pianta e Spaccato del nuovo Teatro dTmola. Folio, 19 plates. Roma, 
1780. 

Patte, P. Essai sur TArchitecture Theatrale. 8vo. Paris, 1782. 

Saunders, G. Treatise on Theatres. 4to. 13 plates. Ijondon, 1790. Of little value. 

SchinkeL Theatre at Hamburg. 6 plates, Berlin. 1828. 

Ware, S. Remarks on Theatres, and on the Propriety of vaulting them with Brick and 
Stone. 8vo plates. London, 1809. 

Wyatt, B. On the rebuilding of Drury Lane Theatre. 4to. plates. London, 1812. 

IX. Brioges. 

Anselin, N. J. B. Experiences sur la Main d’CEuvres de differens Travaux dependans du 
Service des Ingenieurs des Fonts et Chaussees, See. 4to. Boulogne, 1810. 

Atwood, G. Dissertation on the Construction and Properties of Arches. 4to. 1801— 
1804. 

Aubry, Memoire sur la Construction d’un Pont de Bois de 450 Pieds d’ Ouverture 
d’ un seul Jet, &c. 4to, Paris, 1790. 

Blackfriars’ Bridge. 7 plates of the machines used in its construction, and the centring 
of the middle arch. Oblong folio. 

Boistard, L. C. Recueil sur les Fonts de Nemours, &c. 4to. 19 plates. Paris, 1822. 

Emmery, H. C. Pont dTvry en Bois, sur Piles en Pierre, traversant la Seine pres du 
confiuent de la Marne. 2 vols. 4to. plates. Paris, 1 832. 

Exchaquet. Dictionnairc des Fonts et Cbauss^es. 8vo. 12 plates. Paris, 1787. 

Gauthey. Traite de la Construction des Fonts ; Memoires sur les Canaux de Na- 
vigation, &c. publie par M. Navier. 3 toIs. 4to. plates. Paris, 1816^ 
autier, H. Trmte de la Construction des Ponts et Chaussees. 8vo. Paris, 1721—1765. 
oury, G. Recueil d’Observations, Mtooires, et Projets, concemant la Navigation 
Int^rieure. 2 tomes 4to. avec un atlas de planches. Paris, 1827. 

Gwilt, Joseph, On the Rebuilding of Xx>ndon Bridge. 8vo. with 1 plate. London, 1823. 

Treatise on the Equilibrium of Arches. 8vo. plates. I^ndon, 1826. 

The editions of a later date are spurious, being without additions or corrections by 
the author. 

Hutton, C. IMnriples of Bridges. 8vo. 1772. 

Le Sage, P. C. Recueil de divers Memoires des Ponts et Chaussees. 2 tom. 4to. Paris, 
1810. 

Milne, J. Theory and Principles of Bridges and Piers. 8vo. 36 plates. London, 1806. 

Navier. Memoire sur les Ponts Suspendus. 4to. Paris, 1 830. 

Perronet, (Euvres de. 4to. plates. Atlas folio. Paris, 1793. 

Polonceau, A. R. Notice sur la nouveau Systeme de Ponts en Fonte, suivi dans la 
Construction du Pont du CarouseL 4to. Atlas folio, plates. Paris, 1839. 

Pont en Herre a construire sur la Seine a Rouen. 4to. plates. Paris, 1815. 

Prony, M. de- Nouvelle Architecture Hydraulique. 2 vols. 4to. plates. Paris, 1790. 

Regemortes, M, de. Description du nouveau Pont de Pierre construit sur la Riviere 
d’AUier A Moulins. Folio. Paris, 1771. 

Rcmdelet, A. Essai Historique sur le Pont de Rialto. 4to. plates. Paris, 1837. 

Seaward, J, Ol^rvations on the Rebuilding of London Bridge. 8vo. plates. London, 
1824. 

S^uin, Aui4, Des Fonts en Fil de Fer. 8vo. plates. Paris, 1824. 
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Telford, T. Reports on the Holyhead Roads, Harbour, Bridges, &c. Folio, with 
plates. London, 1 822. 

Vicat. Description du Pont Suspendu construit snr la Dordogne a Argental. 4to. 
plates. Paris, 1 830. 

Ware, S. Treatise on the Properties of Arches, and their Abutment Piers. London 

1809. 

Wiebeking, Le Chevalier. Architectuie Hydraulique fondee sur la Th^rie et la 
Pratique. 4 vols. 4to. Atlas vol. of plates. Munich, 1814 — 1824. 

X. Elementary and Practical Works. 

Alberti, Leo Bapt. Libri de Re ^dificatoria. Decein folio, 1st edit. Flor^ce, 1485 
Reprinted in 4to. Paris, 1512. 

Translated into Italian by Pietro X^auro. Small 4to. Venice, 1546. 

Translated into Italian by Cosimo Bartoli. Folio. Florence, 1556. 

Translated into English by Leoni. Folio. London, 1726 — 1 755 ; and Bologna, 

1782. 

Androuet du Cerceau. Livre d’ Architecture, Folio, 50 plates. Paris, 1662. 

Antoine, J. Traite d* Architecture. 4to. plates. Treves, 1768. 

Aviler, d', C. A. Cours d’ Architecture. 4to. Paris, 1760. 

Barlow, P. Treatise on the Strength of Timber, Cast Iron, Malleable Iron, and other 
Materials, &c. 8vo. London, 1887. 

Barozzi, Vignola di. CEuvres completes. Folio. Paris, 1823. 

Ordini d’Architettura Civile. 4to. 44 plates. Milano, 1814, 

Bartholomew, Alfred. Specifications for Practical Architecture, preceded by an Essay 
on the Decline of Excellence in the Structure, and in the Science of Modem English 
Buildings. Large 8vo. 160 illustrations. London, 1840. 

This is one of the most valuable works to the English practical architect that has 
ever appeared. 

Blondel, J, F. Cours d’ Architecture. 9 tom. 8vo. 300 plates. Paris, 1771 — 1777. 
Borgnis, J. A. Traite Elementaire de Construction appliquee a TArchitecture Civile. 
2 tom. 4to. 30 plates. Paris, 1 823. 

Bruyere, L. Etudes relatives a TArt des Constructions. Folio. Paris, 1823. 

Bullet. Architecture Pratique. 8vo. plates. Paris, 1774. 

~ By Mazois. Paris, 1824. 

Calderari, C. Opere di Architettura. 2 tom. folio, 90 plates. Vicenza, 1800. 
Chambers. Treatise on the Decorative Part of Civil Architecture, with Essay on 
Grecian Architecture, and other Additions by Joseph Gwilt. 2 vols. imp. 8vo. 66 
plates. London, 1823. 

Clerc, S. Le. Treatise on Architecture, translated by Chambers. 2 vols. 8vo. and vol. 
of plates. London, 1732. 

Detoumelle. Recueil d’ Architecture. Folio, 60 plates. Paris, 1805. 

Douliot, J. P. Traite special de Coupe des Pierres. 2 tom. 4to. Paris, 1825. 
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Elmes, J. On Dilapi^tions. 8vo. London, 1829. 

Evelyn’s, J., Ancient and Modem Architecture. Folio. London, 1680. 

Parallel of Ancient and Modem Architecture: translated from R, Freart. Folio, 

plates. London, 1723. 

Farraday, Prof. On the practical Prevention of Dry Rot in Timber. 8vo. London, 
1836. 

Felibien, M. Principes de V Architecture, de la Sculpture, et de la Peinture. 4to. plates. 
Paris, 1697. 

Frezier. Theorie et la Pratique de la Coupe des Pierres et des Bois. 3 vols, 4to. plates. 
Paris, 1757. 

Fourneau, H. Art du Trait de Charpenterie. 4 vols. fi>Ho, 87 plates. Paris, 1820. 
Gauthey, E. M. Dissertation sur les Degradations survenues aux Piiiers du Dome 
du Pantheon, et sur les Moyens d’y remedier. 4to. plates. Parw, 1798, 
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Gwilt, Joseph. Sciography ; or Examples of Shadows, with Rules for their Projection, 
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Quicklime. 8vo. London, 1780, 
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Inman, W. On Ventilation, Warming, and the Transmission of Sound ; with notes. 
London, 1836. 

Kraflt, J. C. Recueil d’ Architecture Civile, contenant les Plans, Coupes, et Elevations 
des Chateaux, Maisons de Campagne, et Habitations Hurales, Ac. Folio, 121 plates. 
Paris, 1812. 

Traite sur I’Art de la Charpenterie ; Plans, Coupes, et Elevations, de diverses 

Productions. Folio. Paris, 1820. 

Laugier, P. Essai sur 1’ Architecture. 8vo. Paris, 1755. 

Ledoux, E. N. L* Architecture consideree sous le Rapport de TArt, des Mceurs, et 
de la Legislation. Imperial folio, plates. Paris, 1789. 

L’Eveille, C, J. Considerations sur les Frontons. 4to. Paris, 1 824. 

Le Grand Essai sur THistoire Generale de rArchitecture. 8vo. Paris, 1819. 

This is the text to Durand’s Parallele. 

Lorme, Philibert de. GBuvres d’ Architecture. Folio, 2 vols. in 1. Paris, 1626 ; 
Rouen, 1648. 

The first edition, the Treatise on Architecture, in 9 books, was published in Paris, 1 567. 
The tenth book on Carpentry, entitled, “ Nouvelles Inventions pour bien Ratir et a 
petit Frais,” was published in folio. Paris, 1561 — 1568 and 1576. 

Loudon, J. C. Architectural Magazine. 5 vols. 8vo. London, 1838. 

Malton, T. Complete Treatise on Perspective. Folio, 2 vols. London, 1778. 

, X Young Painter’s Maulstick. 4to. plates. London, 1806. 

Mandar. Etude d* Architecture Civile ; ou Plans, Elevations, Coupes, et Details neces> 
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folio, 122 plates. Paris, 1830. 

Manetti, G. A. Studio degli Ordini d’Arcbitettura. Folio, 25 plates. Firenze, 1808. 
Mesauge, M. Trait6 de Charpenterie et des Bois de toutes Espies. 2 tom. Paris, 
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Hitford, N. Principles of Design in Architecture traced in Observations on Buildings 
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Nicholson, P. Principles of Architecture. 8vo. 3 vols. plates. London, 1836. 

' Architectural Dictionary. 2 vols. 4to. London, 1819. 

Carpenter and Joiner’s Assistant. 4to. London, 1815. 

Carpenter’s new Guide. 4to. London, 1819. 

- Practical Treatise on the Art of Masonry and Stone-cutting. 8vo. London, 
1832. 

Noble, J. Professional Practice of Architects, and that of Measuring Surveyors, and 
Reference to Builders. 8vo. London, 1836. 

Normand, C. Nouveau Parallele des Ordres d’ Architecture des Grecs, des Romains, et 
des Auteurs modemes. Folio, 63 plates. Paris, 1819. 

Nosban. Manuel du Menuisier. 2 tom. 12rao. plates. Paris, 1827. 

Pasley, Col. C. W, On Limes, Calcareous Cements, Mortars, Stuccoes, Concrete, and 
Puzzolanas, Ac. 8vo. London, 1838. 

Patte, P. Memoire d’Architecture. 4to. Paris, 1769. 

Perrault, C. Ordonnance des Cinq Especes de Colonnes. Folio. Paris, 1683. 

Pozzo, Andrea. Prospettiva di Fittori, Ac. 2 vols. fol. 218 plates. Roma, 1717 — 1737. 
Price, F. British Carpenter. 4to. plates. London, 1753. 

, R. On Reversionary Payments; by Morgan. 2vols. 8vo. I^ondon, 1803. 

Kondelet, J. Traite Thrarique et Pratique de I’Art de Batir. 5 tom. 4to. and fol. 
vol. of 207 plates. Paris, 1835. 

' " ■ Memoire Historique sur le Dome du Pantheon Fran 9 ois. 4to. plates. 

Paris, 1814. 

— Memoire sur la R^onstruction de la Coupole de la Halle au Bie de Paris. 
4to. plates. Paris. 

Scamozzi, V. L’Idea dell’ Architettura Universale. 2 vols. fol. Venet. 1615. 

Serlio, Seb., Architettura di. -Ito. Venet, 1567. 

Simonin. Traite Elementaire de la Coupe des Pierres. 4to. Paris, 1792. 

Sturm, L. C. Prodromus Architecture Goldmanni®. Oblong folio. Nuremberg, 1714. 
Tredgold, T. Elementary Principles of Carpentry, by Peter Barlow. 4to. 50 plates. 
lx)ndon, 1840. 

Toussmnt, C- J. Traite de GA)metrie et d’Architecture Theorique et Pratique sim- 
pUfie. 4 vols. 4to. Paris, 1811*12, 

Turnbull, W. Essay on Construction of Cast Iron Beams. 8vo. London, 1 833. 
Vitruve, traduit par C. Perrault. Folio, plates. Paris, 1 684. 

Vitruvii de Architectura notis Variorum a X de Ltaet. Folio. Amst. 1649. 

Vitruvii^ r Architettura di, tradotta ed comentata da B. Galiani. Folio, Siena, 1790. 
Vitruvio, trad, et coment. da Barbaro. Folio, wood-cuts. Venezia, 1556. 

Vitruvius, Architecture translated by J. Gwilt Imperial 8vo. London, 1 826. 
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Wiebeking, le Chevalier de. Architecture Civile Th^orique, et Pratique, enrichi de 
THistoire descriptive des Edifices anctennes et modernes les plus remarquables. 

7 vols. 4to., 260 plates, large folio. Munich, 1823. 

XI. Ornaments. 

Albertolli. Corso Elementare di Ornamenti Architettonici. Folio, 28 plates. Milan, 
1805. 

Architectural Ornaments. A Collection of Capitals, Friezes, Roses, Entablatures, 
Mouldings, &c. drawn on Stone from the Antique. 100 plates. London, 1824. 
Beauvallet, P. N. Fragmens d’ Architecture, Sculpture, et Peinture dans le Style 
Antique. Paris, 1804. 

Choix des Monumens les plus remarquables des Anciens Egyptiens, des Persans, des 
Grecs, des Yolsques, des Etrusques, et des Remains, consistans en Statues, Bas-Reliefe, 
et Vases. 2 tom. fol. 244 plates, Rome, 1788. 

Colette, J. Livre de divere Ornemens pour Plafonds, Cintres, Surbaissees, Galeries. 
Folio, 1 0 plates. Paris. 

Columbani, P. Capitals, Friezes, and Cornices, &c. 4to. 

Fowler, W. Collection of Mosaic, Roman and Norman tesselated Pavements and 
ancient stained Glass discovered in difierent parts of England. Elephant folio size. 
Published at various times. 

Gli Ornati delle Pareti ed i Pavimenti delle Stanze dell’ Antica Pompeia. Atlas folio, 
21 plates. Napoli, 1796. 

Jalembier, C. A. Principes d’Ornemens pour ^Architecture. 40 plates. Paris. 
Jombert, C, A. Repertoire des Artistes; ou Recueil de Compositions d’ Architecture et 
d’Ornemens, antiques et modernes, de tout Espece, par divers Auteurs. 2 vols. folio. 
Paris, 1765. 

Le Noir, A. Nouvelle Collection d’ Arabesques propres a la Decoration des Ap- 
partemens dessinees a Rome par L. Poussin. 4to. Paris. 

Le Pautre. (Xuvres d’Architecture ; contenant les Frises, Feuillages, Montans ou 
PUastres, Grotesques, Moresques, Parmeaux, Placarts, Trumeaux, Lansbris, Amor- 
tissemens, Plafonds, et generalement tout ce qui concerne rOrnement. 3 tom. folio. 
Paris, 1751. 

Moreau, C. Fragmens, et Ornemens d’Arehitecture dessin^s a Rome d’apr^s L’An- 
tique, formant un Supplement a I’CEuvre d’Architecture de Desgodetz. Large folio, 
36 plates. Paris. 

Normand, C- Nouveau Recueil en divers Genres d’Ornemens, et autres Objets propres 
a la Decoration. Folio, 46 plates, Paris, 1803. 

Percier, C. et P. F. L. Fontaine. Recueil de Decorations Interieures, comprenant tout 
ce qui a rapport a I’Ameublement. Folio, 72 plates. Paris, 1812. 

Pergolesi. Ornaments. Large folio, 30 plates. 1777. 

Piroli, T. Monumens Antiques du Musee Napoleon. 4 tom. 4to., 40 plates. Paris, 
1804. 

Recueil d’Arabesques ; contenant les Loges du Vatican, gravees d’apres Raphael et 
grand Nombre d’ autres Compositions du meme Gout dans le Style Antique. Large 
folio, Paris, 1802. 

Tatham, C. H. Grecian and Roman Ornaments. Folio, 101 plates. London, 1825. 
Volpato. Engravings of the Ornaments of the Vatican. 

Vuliiamy, L. Examples of Ornamental Sculpture in Architecture, containing 4C 
plates, imp. folio. London, 1828. 

Architrave, (Gr. to govern, and Lat. Trabs a beam.) The lower of the three 

principal members of the entablature of an order, being, as its name imports, the chief 
beam employed in it, and resting immediately on the columns. It is sometimes called 
Ephtylium, from ewt, upon, and (ttvXqs, a column. The height of the architrave varied 
in the different orders, as also in different examples of the same order. See Grecian 
Architecture, page .58. in the work ; and, for its usual proportion, the orders from 
Sect. 5. to Sect. 7. Chap. I. Book III. 

Architrave Cornice. An entablature consisting of an architrave and cornice only, 
without the interposition of a frieze. It is never used with columns or pilasters, unless 
through want of height. It is, however, allowable. See p. 748. 

Architrave or a Boor or Window. A collection of members and mouldings round 
either, used for the decoration of the aperture. The upper part, or lintel, is called the 
traverse, and the sides the jambs. See Antepagmenta. 

Archivolt. (Lat. Arcus volutus. ) The ornamental band of mouldings round the voussoirs, 
or arch-stones of an arch, which terminates horizontally upon the impost It is deco* 
rated, as to the members, analogously with the architrave, which, in arcades, it may be 
said to represent It differs in the different orders. See p. 721. 
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AbchiVoltum. In mediaeval architecture, an arched receptacle for filth. A cesspool or 
cominoB sewer. 

Abchwat. An aperture in a building covered with a vault. Usually an arched passage 
or gate wide enough for carriages to pass. 

Aacus Eccuesi^s. In medisval architecture, the arch dividing the nave of the church 
fium the choir or chancel. 

Aacus PaESBTTERU. In medisval architecture, the arch over the tribune marking the 
boundaries of its recess. 

Arcus Toraus. In mediaeval architecture the lattice separating the choir from the 
nave in a basilica. 

Area. In Architecture, a small court or place, often sunk below the general sur&ce of the 
ground, before windows in the basement story. It is also used to denote a small court 
even level with the ground. 

Area. In Geometry, the superficial content of any figure. See Section on Mensura- 
TioK, p. 372. 

Arena. The central space in a Roman amphitheatre, wherein the gladiators fought. See 
Amphitueatre. 

Argeuus. See Architects, list of, 19* 

Arithhetic and Algebra. See Book II. Chap. I. Sect. 1. 

Armoury. An apartment destined to the reception of instruments of war. 

ARNOLFa See Architects, list of,. 125. 

Aronade. Embattled ; a junction of several lines forming indentations like the upward 
boundary of an embattled wail, except that the middle of every raised part is terminated 
by the convex arch of a circle, which arch does not extend to the length of that part. 
Arris (probably abbreviated from the Ital. a risepa, at the projection, or from the Sax. 
apipan, to arise). The intersection or line on which two surfaces of a body forming an 
exterior angle meet each other. It is a term much used by all workmen concerned in 
building, as the arris of a stone, of a piece of wood, or any other body. Though, in 
common language, the edge of a body implies the same as arris, yet, in building, the 
word edge is restrained to those two surfoces of a rectangular par^leiopipedal b<^y on 
which the length and thickness may be measured, as in boards, planks, doors, shutters, 
and other framed joinery. 

Arris Fillet. A slight piece of timber of a triangular section, used in raising the slates 
against chimney sh^s, or ag^unst a wall that cuts obliquely across the roof, and in 
forming gutters at the upper ends and sides of those kinds of skylights of which the 
planes coincide with those of the roof When the arris fillet is used to raise the slates 
at the eaves of a building, it is then called the eaves' board, eaves’ lath, or eaves’ catch» 
Arris Gutter, A wooden gutter of this V form fixed to the eaves of a building. 
Arsenal. A public establishment for the deposition of arms and warlike stores. 

Artificer. (Lat. Ars and Facio.) A person who works with bis bands in the manufacture 
of anything. He is a person of intellectual acquirements, independent of mere opera* 
tion by hand, which place him above the artisan, whose knowledge is limited to the general 
rules of his trade. 

Asarotum. In ancient architecture, a species of painted pavement used by the Romans 
before the invention of Mosmc work. 

Ash. The Fraxinus of botanists. See Timber, Sect, on, p. 486. 

Ashelet. See Architects, list of, 189. 

Ashlar or Ashler. (Ital. Asciare, to chip.) Common or free*stones as brought from 
the quarry of different lengths and thicknesses. 

Also the focing given to square stones on the front of a building. When the work is 
smoothed or robbed so as to t^e out the marks of the tools by which the stones were 
cut, it is called pkdn ashlar. Tooled ashlar is understood to be that whereof the surfoce 
is wrought in a regular manner, like parallel flutes, and placed perpendicularly in the 
building. But when the surfoces of the stones are cut with a broad tool without care 
or regidarity, the work is said to be random-tooled. When wrought with a narrow tool, 
it is said to be chiselled or boasted, and when the surface is cut with a very narrow tool, 
the ashlar is said to be pointed. When the stones project from the joints, the is 

said to be rusticated, in which the frees may have a smooth or broken surfree. In 
superior work, neither pK>inted, chiselled, nor random-tooled work are employed. In 
some parts of the country herring-bone ashlar and herring-bone random-tooled ashlar 
are used. See Masonry, p. 518, et seq. 

Ashlrring. In carpentry, the short upright queering fixed in garrets about two feet 
six inches or three feet high from the floor, being between the rafters and the floor in 
ord^ to make the room more convenient by cutting off* the acute angle formed by the 
rafters. 

Aspect. (Lat. Aspicio.) The quarter of the heavens to which the front of a building 
frees. Ulus a front to the ncurth is smd to have a north aspect. 
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Asphaltum. a bituminous substance found in various places and used as a building 
material. See Book II. Chap. II. Sect. 12. 

Assemblage. The joining or uniting several pieces together, or the union of them when 
so joined. Carpenter and joiners have many nu^es of accompU^ing this, as by 

framing, mortise and tenon, dovetailing, Ac. See Practigal Cabfentrt and Joinery, 
p. 538, ei seq. 

Assemblage of the Orders. The placing of columns upon one another in the several 
ranges. See Orders upon Orders, Book III. Chap. I. Sect. 11. 

Astragal. (Gr. AtTrpayaXosj a die, or buckle bone.) A small moulding of a semicircular 
profile. Some have said that the French call it tahn^ and the Italians tondimo ; but this 
is a mistake, for the term is properly applied only to the ring separating the capital 
from the column. The astragal is occasionally cut into representations of be^ls and 
berries. A similar sort of moulding, though not developed in its profile as is the 
astragal, is u^d to separate the faces of the architrave. 

Atlantides. See Caryatides. 

Atrium. In ancient Roman architecture, a court surrounded by porticoes in the interior 
part of 'Roman hous^ According to Scaliger it is derived from the Greek aXBpioSf exposed 
to the air. By some it has been considered the same apartment as the vestibule, and 
Aulus Gellius intimates that in his time the two words were confounded. See, how- 
ever, more on this head in the section on Roman Architecture in the body of the work, 

p. 100. 

Attic, or Attic Order. (Gr. ArriKOSi Athenian; facetiously, we supposed, derived, in the 
seventh edit, of Encyc. Brit. art. Architecture, from &r€txotf, without a wall, which, if 
true, would transform all objects into attic things if detached from a wall.) A low order 
of architecture, commonly used over a principal order, never with columns, but usually 
with ants or small pilasters. It is employed to decorate the facade of a story of small 
height, terminating the upper part of a building; and it doubtless derives its name from 
its resemblance in proportional height and concealed roof to some of the buildings of 
Greece. Pliny thus describes it after speaking of the other orders : “ Praeter has sunt 
qusB vocantur Attic® column® quatemis angulis pari laterum intervallo.** We, how- 
ever, find no examples of square pillars in the remains of ancient art, though almost all 
the triumphal arches exhibit specimens of pUastral attics, having no capitals save the 
cornice breaking round them. In modem architecture the proportions of the attic 
order have never been subject to fixed rules, and their good eff^ is entirely dependent 
on the taste and feeling of the architect. 

Attic Base. The base of a column consisting of an upper and lower toms, a scotia and 
fillets between them. It is thus described by Vitruvius, it must be so subdivided that 
the upper part be one third of the thickness of the column, and that the remainder be 
assigned for the height of the plinth. Excluding the plinth, divide the height into four 
parts, one whereof is to be given to the upper torus ; then divide the remaining three 
parts into two equal parts, one will be the height of the lower torus, and the other the 
height of the scotia with its fillets. 

Attic Story. A term frequently applied to the upper story of a house when the 
ceiling is square with the sides to distinguish it from garrets. See Book III. Chap. I. 
Sect. 13. 

Attributes. In decorative architecture, are certain symbols given to figures, or disposed 
as ornaments on a building, to indicate a distinguishing character ; as a lyre, bow, or 
arrow to Apollo ; a club to Hercules ; a trident to Neptune ; a spear to Pallas, &c. 

Auger. A carpenter’s and joiner’s tool for boring large holes. It consists of a wooden 
handle terminated at the bottom with steel. The more modem augers are pointed and 
sharpened like a centre bit, the extremity of one of the edges being made to cut the 
wood clean at the circumference, and the other to cut and take away the core, the whole 
length of the radius. 

Aviary. (Lat. Avis.) A house or apartment set apart for keeping and breeding birds. 

Avitus, St. See Architects, list of, 58 . 

Aula. (I*at.) In ancient Roman architecture, a court or hall. 

Awning. (Fr. Aulne.) Any covering intended as a screen from the sun or protection 
from the rain. 

Axe. (Sax. eax.) A tool with a long wooden handle and a cutting edge situate in a plane 
passing longitudinally through the handle. It is used for hewing timber by cutting it 
vertically, the edge being employed in forming horizontal surfaces. The axe differs 
from the joiner 8 hatchet by being much larger, and by its being used with only one 
hand. Axes of various sizes, depending upon the quality of the material, are used by 
stone-cutters and bricklayers. 

Axis. The spindle or centre of any rotative motion. In a sphere a line passing through 
the centre is the axis. 
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Babylonian Abchitbcture. See Book I. Chap. II. Sect. 3. 

Back. The side opposite to the face or breast of any piece of architecture. In a re<»ss 
upon a quadrangular plane, the face is that surface which has the two adjacent planes, 
called the sides, elbows, or gables. When a piece of timber is fixed in an horizontal or 
in an inclined position, the upper side is called the back, and the lower the bret^t. Thus 
the upper side of the handrail of a staircase is properly called the back. The same is to 
be understood with regard to the curved ribs of ceilings and the rafters of a roof, whose 
upper edges are always called the backi. 

Back of a Chimney. The recessed face of it towards the apartment, &c. See Chimney. 

Back of a Hand>rail. The upper side of it. 

Back or a Hip or other Rafter. The upper side or sides of it in the sloping plane of the 
side of the roof. 

Back Lining of a Sash Frame. • That parallel to the pulley piece and next to the jamb 
on either side. See Joinery, p. 563, et seq. 

Back Shutters. Those folds of a shutter which do not appear on the face being folded 
within the boxing. See Joinery, p. 570, et seq. 

Back of a Stone. The side opposite to the face. It is generally rough. 

Back of a Wall. The inner face of it. 

Back of a Window. The piece of wooden framing in the space between the lower part 
of the sash frame and the floor of the apartments, and bounded at its extremities right 
and left by the elbows of the window. The number of panels into which it is framed is 
dependent on what may be necessary for carrying out the design j it rarely, however, con- 
sists of more than one. 

Backing of a Rafter or Rib. The formation of the upper or outer surface of either in 
such a manner as to range with the edges of the rafters or ribs on either side of it. The 
formation of the inner edges of the ribs for a lath and plaister ceiling is sometimes called 
backinff, but improperly, since contrary to the true meaning of the word. 

Backing of a Wall. The filling in and building which forms the inner face of the work. 
In this sense it is opposed to facing, which is the outside of the wall. In stone walls 
the backing is unfortunately too often mere rubble, while the face is ashlar. 

Badioeon. a mixture of plaster and freestone sifted and ground together, used by sta- 
tuaries to repair defects in their work. The joiner applies this term to a mixture of saw- 
dust and strong glue, with which he fills up the defects of the wood after it has been 
wrought. A mixture for the same purpose is made of whiting and glue, and sometimes 
with putty and chalk. When the first of these is used, it is allowed to remain until 
quite hard, after which it may be submitted to the operation of planing and smoothing. 
Without this precaution, it may shrink below tbe surface of the work. 

Bagnio. (It. ) An Italian term for a bath, usually applied by tbe English to an establish- 
ment having conveniences for bathing, sweating, and otherwise cleansing the body. It 
is applied by the Turks to the prisons where their slaves are confined, in which it is cus- 
tomary to have baths. 

Baguette. (Fr.) A small moulding of tbe astragal species. It is occasionally cut with 
pearls, ribands, laurels, &c. According to M. Le Clerc, the baguette is caUed a chaplet 
when ornaments are cut on it. 

Bailey. See Castle. 

Bakehouse. An apartment provided with an oven and kneading troughs for baking. 

Balaneia. a Greek term for a bath. 

Balcony. (It. Balcone.) A projection from the external wall of a bouse, borne by 
columns or consoles, and usu^ly placed before windows or openings, and protected on 
the extremity of the projection by a rmling of balusters or ironwork. In the French 
theatre, the balcon is a circular row of seats projecting beyond the tier of boxes imme- 
diately above the pit. 

Baldachino. (It.) An open building, supported by columns, and covered with a canopy, 
generally placed over an altar. Sometimes the baldachino is suspended from the roof, as 
in the church of St. Sulpice at Paris. It succeeded to the ancient ciborium, which 
was a cupola supported on four columns, still to be seen in many of the churches of 
Rome. The merit of its invention seems to belong to Bernini. I’hat erected by him 
in St. Peter’s is 128 feet high, and being of bronze weighs near 90 tons. It was built by 
order of the Pope Barberini, from the robbery of the Pantheon, and occasioned the 
bitter ol^rvation, “ Quod non fecerimt Barbari fecerunt Barberini.” 

Baldwin. See Architects, list of, 104. 

Balection or Bolection Mouldings. Mouldings which project beyond the surface of a 
piece of framing. See p. 569. 

Balks or Baulks. ( Dutch. ) Sometimes called dram timber. They are pieces of whole 
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fir, being the trunks of small trees of that species, rough-squared for building purposes. 
In the metropolis the term is applied to short lengths, from eighteen to twenty-five feet, 
mostly under ten inches square, tapering considerably, and with the angles so left that 
the piece is not exactly square. 

Balliuh. In the architecture of the middle ages, the open space or court of a fortified 
castle. This has acquired in English the appellation Bailey ; thus St. Peter’s in the 
Bailey at Oxford, and the Old Bailey in London, are so named from their ancient con- 
nection with the sites of castles. 

Balloon. A round ball or globe placed on a column or pier, by way of crowning it. The 
same name is given to the balls on the tops of cathedrals, as at St. Peter’s, which is 
8 feet diameter, and at St. Paul’s in London. 

Balneum. (Lat.) A bath. 

Balteus. (Lat. a girdle.) The wide step in theatre and amphitheatres, which afforded a 
passage round them without disturbance to the sitters. No one sat on it ; it served merely 
as a landing-place. In the Greek and Roman theatres, every eighth step was a balteus. 
Vitruvius gives the rules for properly setting it out, in the third chapter of his fifth book. 

The term balteus is also used by Vitruvius to denote the strap which seems to bind up 
the coussinet or cushion of the Ionic capital. 

Baluster. A species of small column belonging to a balustrade. See Book III. Chap. 
1. Sect. 16. This term is also used to denote the lateral part of the volute of the Ionic 
capital. Vitruvius calls it pulvinata^ on account of its resemblance to a pillow. 

Balustrade. A parapet or protecting fence formed of balusters, sometimes employed for 
real use, and sometimes merely for ornament. For the method of designing balus- 
trades, and other particulars relating to them, see Book III. Chap. I. Sect. 16. 

Band. (Fr. Bande.) A flat member or moulding, smaller than a fascia. The face of a 
band is in a vertical plane, as is also that of the fascia ; the word, however, is applied to 
narrow members somewhat wider than fillets ; and the word fascia to broader members. 
The cinctures sometimes used round the shafts of rusticated columns are called bands. 
In this case the column is called a banded column. 

Bandages. A term applied to the rings or chains of iron inserted in the corners of a 
stone wall, or round the circumference of a tower, at the springing of a dome, &c., which 
act as a tie on the walls to keep them together. 

Bandelet, or Bandlet. A small band encompassing a column like a ring. 

Banister. A vulgar term for baluster, which see. 

Banker. A bench, on which masons prepare, cut, and square their work. 

Banquet. (Fr.) The footway of a bridge when raised above the carriage-way. 

Bafiismal Font. A vessel raised above the ground for containing the holy water used in 
the administration of baptism. Many of the fonts in Saxon churches are still in being. 
The plans and horizontal sections are commonly circles, octagons, or squares, and at a 
little later dates were elaborately decorated with mouldings and sculptures. 

Baftistery. (Gr. BaTrri^aj. ) A building in the architecture of the middle ages, destined 
for administration of the rite of baptism. It has been contended by some that the baptis- 
tery was at first placed in the interior vestibules of the early churches, as are in many 
churches the baptismal fonts. This, however, was not the case. The baptistery was 
quite separate from the basilica, and even placed at some distance from it. Until the end 
of the sixth century, it was, beyond doubt, a distinct building ; but after that period the 
font gradually found its way into the vestibule of the church, and the practice became 
general, except in a few churches, as at Florence, and in those of all the episcopal cities of 
Tuscany, Ravenna, of S. Giovanni Laterano at Rome, and some few other places. The 
last mentioned is perhaps the most ancient remaining. There was a baptistery at Con- 
stantinople, of such dimensions that, on one occasion, it held a very numerous council. 
That at Florence is nearly ninety feet in diameter, octagonal, and covered with a dome. 
It is enclosed by the celebrated bronze gates by Lorenzo Ghiberti, which Michel Angelo 
said were fit to be the gates of Paradise. The baptistery of Pisa, designed by Dioti 
Salvi, was finished about 1160. The plan is octagon^, about 129 feet in diameter and 
179 feet high. See p. 118. 

Bar. In a court of justice, an enclosure, three or four feet high, in which the counsel 
have their places to plead causes, llie same name is given to the enclosure, or rather 
bar before it, at which prisoners are placed to take their trials for criminal offences. 

Bar. A piece of wood or iron used for ^stening doors, window shutters, &c. 

Bar of a Sash. The light pieces of wood or metal which divide a window sash into 
compartments for the glass. The angle bars of a sash are those standing at the intersec- 
tion of two vertical planes. 

Bab Iron is that made of the metal of sows and pigs, as it comes from the furnace. The 
sows and pigs, as they are technically termed, pass through the forges and chaufery, 
where, having undergone five successive heats, they are formed into bars. See Sect. 5. 
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Book II. Chap. II. For the weight of a foot of bar iron of different thicknesses, see 
p. 590. 

Bar-posts. Posts driven into the ground for forming the sides of a field gate. Hiey are 
mortised, to admit of horizontal bars being put in or taken out at pleasure. 

Barbacan. a watch>tower for descrying an enemy t ^so the outer work or defence of a 
castle, or the fort at the entrance of a bridge. Apertures in the walls of a fortress, for 
firing through upon the enemy, are sometimes called by this name. The etymology of 
the word has been variously assigned to French, Italian, Spanish, Saxon, and Arabian 
origin. See Castle. 

Barge Boards. The inclined projecting boards placed at the gable of a building, and 
hiding the horizontal timbers of a roof. They are frequently carved with trefoils, 
quatrefoils, flowers, and other ornaments and foliage. 

Barge Couples. (Sax. Byp^an, to bar.) Two beams mortised and tenoned together for 
the purpose of increasing the strength of a building. 

Barge Course. The part of the tiling which projects over the gable of a building, and 
which is made good below with mortar. 

Barn. (Sax. Bepn.) A covered farm-building for laying up grain, hay, straw, &c. The 
situation of a barn should be dry and elevated. It is usually placed on the north or 
north east side of a farm-yard. The barns, outhouses, and stables should not be far 
distant from each other. They are most frequently constructed with wooden framing of 
quarters, Ac., and covered with weather boarding ; sometimes, in superior farms, they are 
built of stone and brick. The roofs are usually thatched or tiled, as the materials for 
the purpose are at hand ; but as the grain should of all things be kept dry, to prevent it 
from moulding, the gable ends should be constructed of brick, and apertures left in the 
walls for the free admission of air. The bays, as they are called, are formed by two 
pairs of folding doors, exactly opposite to each other, and, as well as for thrashing, afford 
the convenience of carrying in and out a cart or waggon load of corn in sheaves, or any 
sort of bulky produce. The doors in question must be of the same breadth as the 
threshing-floor, to afford light to the threshers, and air for winnowing the grain. It is 
a good practice to make an extensive penthouse over the great doors sufficiently large 
to cover a load of corn or hay, in case of the weather not permitting it to be immediately 
housed. 

Barozzi da Vignola. See Architects, list of, 217. 

Barracks. See Book III. Chap. 111. Sect. 19. 

Barrel Drain. One in the form of a hollow cylinder. 

BartCwE or Bartcefhal^. (Gr. 0apvs, low or flat, and Ke^oA?;, head.) The Greek name 
for an arseostyle temple. 

Base. (Gr. fiaa-is.') In geometry, the lower part of a figure or body. The base of a solid 
is the surface on which it rests. 

Base of a Column. The part between the shafr and the pavement or pedestal, if there be 
any to the order. Each column has its particular base, for which see Sections 3 to 7. 
on the orders. For the Attic base see under that word. 

Base op a Room. The lower projecting part. It consists of two parts, the lower whereof 
is a plain board adjoining the floor, called the plinth, and the upper of one or more 
mouldings, which, taken collectively, are called the base-mouldings. In better sort of 
work the plinth is tongued into a groove in the floor, by which means the diminution of 
breadth created by the shrinking never caus^ any aperture or chasm between its under 
edge and the floor, and the upper edge of the plinth is rebated upon the base. Bed- 
rooms, lobbies, passages, and staircases are ofren finished without a dado and surbase, 
and indeed the fo^on has extended the practice to rooms of the higher class, as drawing- 
rooms, &c. 

Basement. The lower story of a building, whether above or below the ground. See 
Book III. Chap. I. Sect. 13. 

Basil. Among carpenters and joiners the angle to which the edge of an iron tool is 
ground so as to bring it to a cutting edge. If the angle be very thin the tool will cut 
more freely, but the more obtuse it is the stronger and fitter it is for service. 

Basiuca. (Gr. fiaaiXevSy a king.) Properly the palace of a king; but it afterwards came 
to signify an apartment usually provided in the houses of persons of importance, where 
assemblies were held for dispensing justice. Thus in the magnificent villa of the 
Gordian fomily on the Via Prenestina there were three basil icae, each more than one 
hundred feet long. A basilica was generally attached to every forum, for the summary 
adjustment of the disputes that arose. It was surrounded in most cases with shops and 
other crnveniences for traders. The diflference between the Grecian and Roman basilica 
is given by Vitruvius in the fifth chapter of his first book. The rise and progress of the 
modern basilica is given, p. 109, et seq. The term basilica is also applied by Palladio 
to those building in the cities of Italy ^milar in use to our town halls. 

Basis. See Base. 
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Basket. A term often applied to the vase of the Corinthian capital, with its foliage, &c. 

Basse Coub. (Fr.) A court destined in a house of importance for the stables, coach- 
houses, and servants attached to that part of the establishment. In country houses it is 
often used to denote the yard appropriated to the cattle, fowls, &c. 

Basso-relievo. See Relievo. 

Bastard Stucco. See Sect. 9. Chap. III. Book II. 

Bat. In bricklayer’s work, a piece of a brick less than one half of its length. 

Bath. (From the Saxon, Bab.) An apartment or series of apartments for bathing. Among 
the ancients the public baths were of amazing extent and magnificence, and contained a 
vast number of apartments. These extraordinary monuments of Roman magnificence 
seem to have had their origin in many respects from the gymnasia of the Greeks, both 
being instituted for the exercise and health of the public. The word themuB (hot baths) 
was by the Romans used to denominate the establishment, although it contained in the 
same building both hot and cold baths. In later times a house was incomplete unless 
provided with hot and cold baths; and, indeed, it was not till the time of Augustus that 
public baths assumed the grandeur which their remains indicate. Difterent authors 
reckon nearly eight hundred baths in Rome, whereof the most celebrated were those of 
Agrippa, Antoninus, Caracalla, Diocletian, Domitian, Nero, and Titus. It appears 
from good authority, that the baths of Diocletian could accommodate no less than eight 
hundred bathers. These stupendous edifices are indicative of the magnificence, no less 
than the luxury of the age in which they were erected. The pavements were mosaic, 
the ceilings vaulted and richly decorated, and the walls encrusted with the rarest marbles. 
From these edifices many of the most valuable examples of Greek sculpture have been 
restored to the world ; and it was from their recesses that the restorers of the art drew 
their knowledge, and that Rafaelle learnt to decorate the walls of the Vatican. See 
p. 96. 

Batebdeau. (Fr.) The same as coffer dam, which see. 

Batrachus. See Architects, list of, 33. 

Battek. (Probably from the Fr. Baton, from its small width.) A scantling or piece of 
stuff from two to six inches broad, and from five eighths of an inch to two inches thick. 
Battens are used in the boarding of floors and also upon walls, in order to receive the 
laths upon which the plaister is laid. See Bo.%rded Floor. 

Battening. The fixing of battens to walls for tlie reception of the laths on which the 
plaster is to be laid. It also signifies the battens in the state of being fixed for that 
purpose. The battens employed are usually about two inches broad and three fourths 
of an inch thick; the thicknesses, however, may be varied according to the distances that 
the several fixed points are from each other. Their distance in the clear is from eleven 
inches to one foot. Before battens are fixed, equidistant bond timbers should be built in 
the wall, or the wall should be plugged at equal distances, and cut ofr Bush with its 
surface. In and about London plugs are generally placed at the distance of twelve 
or fourteen inches from centre to centre in the length of the batten. Battens upon 
external walls, the ceiling and bridging joists of a naked floor, also the common joists 
for supporting the boarding of a floor, are fixed at the same distance, viz. from eleven to 
twelve inches in the clear. When battens are fixed against flues, iron holdfasts are of 
course employed instead of bond-timbers or plugs. When they are attached to a wall 
they are generally fixed in vertical lines, and when fixed to the surface of a stone or 
brick vault, whose intrados is generated by a plane revolving about an axis, they ought 
to be placed in planes tending to the axis ; as in this position they have only to be fixed 
in straight lines, in case the intrados is straight towards the axis, which will be the case 
when it is a portion of a cone or cylinder; and when the intrados is curved towards the 
axis they will bend the easiest possible. Great care should be taken to regulate the 
fans of the battens, so as to be as nearly as possible equidistant from the intended surface 
of the plaster. Though battens are employed in floors, neither the act of laying them 
nor the floor afterwards formed of them is called battening ; they are more commonly 
called hoarding. Every piece of masonry or brickwork, if not thoroughly dry, should be 
battened for lath ‘and plaster, particularly if executed in a wet season. When windows 
are boarded, and the walls of the room not sufficiently thick to contain the shutters, the 
surface of the plastering is brought out so as to give the architrave a proper projec- 
tion, and quarterings are used for supporting the lath and plaster in lieu of battens. 
This is also practised when the breast of a chimney projects into the room, in order to 
cover the recesses and make the whole side flush, or all in the same surface with the 
breast. 

Batter (probably from the Fr. Battre). A term used by artificers to signify that a body 
does not stand upright, but inclines from a person standing before it ; when, on the con- 
trary, it leans towards a person, its inclination is described by saying it overhangs. 

Battlements. Indentations on the top of a wall, parapet, or other building. They were 
first used in ancient fortifications, and subsequently applied to chambers and other build- 
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ings as mere ornaments. Their outline is generally a conjunction of straight lines at right 
angles to each other, each indentation having two interior right angles, and each raised 
part two exterior right angles. 

Battle^embattled. a term applied to the top of a wall which has a double row of 
battlements formed by a conjunction of straight lines at right angles to each other, both 
embrasures mid rising parts being double, the lower part of every embrasure less than 
the upper, and therefore the lower part of each riser broader than the upper. 

Baulc Roofing. Roofing in which the foaming is constructed of baulk timber. 

Baulks. See Balks. 

Bay. (Dutch, Baye. ) The division of a bam or other building, generally from fifteen to 
twenty feet in length or breadth. 

Bat. In plasterer’s work, the space between the screeds prepared for regulating and 
working the floating rule. See Screeds. 

Bay of Joists. The joisting between two binding joists, or between two girders when 
binding joists are not used. 

Bay of Roofing. The small rafters and their supporting purlins between two principal 
rafters. 

Bay Window. A window placed in the bay or bow of a window : called also an oriel 
window. 

Bats. See Days. 

Bazar. A species of mart or exchange for the sale of divers articles of merchandize. 
The word is Arabic, signifying the sale or exchange of goods or merchandize. Some of 
the Eastern bazars are open, like the market places of Europe, and serve for the same 
uses, more particularly for the sale of more bulky and less valuable commodities. 
Others are covered with lofty ceilings and even domes, which are pierced for the ad- 
mission of light. It is in these that the jewellers, goldsmiths, and other dealers in rich 
wares have their shops. The bazar or meidan of Ispahan, one of the finest in Persia, is 
given in Jig. 32- 

Bead AND Butt Work. Framing in which the pannels are flush, having beaas stuck or run 
upon the two edges j the grain of the wood being in the direction of them. See p. 568. 

Bead, Butt, and Square Work. Framing with bead and butt on one side, and square 
on the other, is chiefly used in doors. This sort of framing is put together square, and 
the bead is stuck on the edges of the rising side of the pannel. 

Bead and Flush Work. A piece of framed work with beads run on each edge of the 
included pannel. See p. 568. 

Bead, Flush, and Square Work. Framing with bead and flush on one side, and square 
on the other, used chiefly in doors. 

Bead and Quirk. A bead stuck on the edge of a piece of stuff, flush with its surface, 
with only one quirk or without being returned on the other surface. Bead and double 
quirk occurs when the bead appears on the foce and edge of a piece of stuff in the same 
manner, thus forming a dotAle quirk. 

Beade. (Sax. Beabe.) A moulding whose section is circular. It is frequently used on the 
edge of each fascia of an architrave, as also in the mouldings of doors, shutters, skirtings, 
imposts, and cornices. When the bead is flush with the surface it is called a quirk-head, 
and when raised it is called a cock-head. 

Beak. A little pendent fillet left on the edge of the larmier, forming a canal behind to 
prevent the water from running down the lower bed of the cornice. The beak is some- 
times formed by a groove or channel receded on the sofiSte of the larmier upwards. 

Beam ( Sax. Beam, a tie. ) A piece of timber, or sometimes of metal, for supporting a weight, 
or counteracting two opposite and equal forces, either drawing it or compressing it in 
the direction of its length. A beam employed as a lintel supports a weight ; if em- 
ployed as a tie beam, it is drawn or extended ; if as collar beam, it is compressed. The 
word is usually employed with some other word used adjectively or in opposition, which 
word implies the use, situation, or form of the beam ; as tie Iteam, hammer beam, dragcni 
beam, straining beam, camber beam, binding beam, girding beam, truss beam, summer beam, 
&c. Some of these are however used simply, as collar for collar beam, lintel for lintel 
beam, &c. That which is now called the collar beam was by old writers called whid 
beam, and strut or strutting beam. A beam is lengthened either by building it in 
thicknesses, or by lapping or splicing the ends upon each other and bolting them through, 
which is c£^ed scaring. See Carpentry generally, and p. 542. 

Beam Compasses. An instrument for describing large circles, and made eitner of wood 
or metal with sliding sockets, carrying steel or pencil points. It is used only when the 
circle to be described is beyond the reach of common compasses. 

Beam Filling. The brickwork or masonry brought up from the level of the under to 
the upper sides of the beams. It is also used to denote the filling up of the space from 
the top of the wall plate between the rafters to the under side of the slating, board, or 
other covering. 
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Bkar£R. That which supports any body in its place, as a wall, a post, a strut, &c. In 
gutters they are the short pieces of timber which support the boarding. 

Beariko. The distance or length which the ends of a piece of timber lie upon or are 
inserted into the walls or piers ; thus joists are usually carried into the walls at least nine 
inches, or are said to have a nine-inch bearing. Lintels of an aperture should in like 
manner have a similar bearing, the object being to prevent any sagging of the piece acting 
on the inner horizontal quoins of the wall. 

Bearing of a Timber. The unsupported distance between its points of support without 
any intervening assistance. A piece of timber having any number of supports, one 
being placed at each extremity, will have as many bearings, wanting one, as there are 
supports. Thus a piece of timber extended lengthwise, as a joist over two rooms, will 
have three supports and two bearings, the bearers being the two outside walls and the 
partition in the midst between them. 

Bearing Wall or Partition. A wall or partition built from the solid for the purpose 
of supporting another wall or partition, either in the same or in a transverse direction. 
M'hen the latter is built in the same direction as the supporting wall it is said to have 
a solid hearing ; but when built in a transverse direction, or unsupported throughout, 
its whole length is said to have a false bearing^ or as many false bearings as there are 
intervals below the wall or partition. 

Beater. An implement used by plasterers and bricklayers for beating, and thereby tem- 
pering or incorporating together the lime, sand, and other ingredients of a cement or 
plaster. 

Beauchamp. See Architects, list of, 164. 

Beaufet. See Buffet. 

Beauty. In architectural composition, see Book III. Chap. I. Sect. 1. 

Bed. (Sax. Beb. ) The horizontal surface on which the stones, bricks, or other matters 
in building lie. The under surface of a stone or brick is called its under bed, and the 
upper sur&ce its upper bed. In general language the beds of a stone are the surfaces 
where the stones or bricks meet. It is almost needless to inculcate the necessity of 
every stone being worked quite straight, and not dished or hollowed out, which masons 
are very apt to do for the purpose of making a fine joint. Stones thus worked are very 
liable to flush and break off at the angles, of which there are too many examples in 
important buildings to make it necessary that we should more particularly allude to 
them. See Masonry, p. 518, et seq. 

Bed Chamber. The apartment destined to the reception of a bed. Its finishings of course 
depend on the rank of the party who is to occupy it. 

Bed op a Slate. The under side of a slate, or that part in contiguity with the boarding 
or rafters. 

Beds of a Stone. In cylindrical vaulting are the two surfeces intersecting the intrados of 
the vault in lines parallel to the axis of the cylinder. In conic vaulting, where the axis 
is horizontal, they are those two surfaces which, if produced, would intersect the axis of 
the cone. In arching the beds are called summerings by the workmen. 

Bedding of Timbers. The placing them properly in mortar on the walls. 

Beech, One of the forest trees, but not often used in building. See p. 484. 

Beetle. (Sax. Bjrel.) A large wooden hammer or mallet with one, two, or three 
handles for as many persons. With it piles, stakes, wedges, &c., are driven. 

Bek, de. See Architects, list of, 133. 

Belection Mouldings. See Balection Mouldings. 

Belfry. The upper part of the steeple of a church for the reception of the bells. It is the 
campanile of the Itdians, though amongst them a building often altogether unconnected 
with the body of the church. It is sometimes used more especially in respect of the 
timber framing by which the bells are supported. 

Bell of the Corinthian and Composite Capitals. The naked vase or corbeille round 
which the foliage and volutes are arranged. Its horizontal section is every where a 
circle. See fig. 93. 

Bell Roof. One whereof the vertical section, perpendicular to the wall or to its springing 
line, is a curve of contrary flexure, being concave at the bottom and convex at the top. 
It is often called an ogee roof from its form. 

Belt. In masonry, a course of stones projecting from the naked, either «iioulded, plain, 
fluted, or enriched with pateras at regular intervals. 

Belvedere. (It.) A raised turret or lantern raised for the enjoyment of a prospect ; also a 
small edifice in gardens, not uncommon in France and Italy. 

Bench. A horizontal surface or table about two feet eight inches high, on which joiners 
prepare their work- 

Bench Hook. A pin affixed to a bench for preventing the stuff* in working from sliding 
out of its place. 

Bergamasco. See Architects, list of, 192. 
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Bebnini. See Architects, list of, 251. 

Bebruguette. See Architects, list of 223. 

Bebham. See Architects, list of, 107. 

Beton. (Ft.) a species of concrete. 

Bevel. (Lat. Bivium.) An instrument used by artificers, one leg whereof is frequently, 
curved according to the sweep of an arch or vault. It is moveable upon a pivot or 
centre, so as to render it capable of being set to any angle. The make and use of it are 
much the same as those of the common square and mitre, except that those are fixed, 
the first at an angle of ninety degrees and the second at forty-five ; whereas the bevel 
being moveable, it may in some measure supply the office of both, and yet supply the 
deficiency of both, which is, indeed, its principal use, inasmuch as it serves to set off or 
transfer angles either greater or less than ninety or forty-five. 

Any angle that is not square is called a bevel angle, whether it be more obtuse or more 
acute than a right angle ; but if it be one half as much as a right angle, viz. forty-five 
degrees, the workman calls it a miter. They have also a term half miter, which is an 
angle one quarter of a quadrant or square, that is, an angle of twenty-two degrees and 
a half 

Billet Moulding. (Fr. Billet.) A Norman moulding used in string courses and the 
archivolts of openings. It consists of short, small, cylindrical pieces, two or three inches 
long, placed in hollow mouldings at intervals equal to about the length of the billet. 
See p. 1 74. 

Binding Joists. Those beams in a floor which, in a transverse direction, support the 
bridging joists above, and the ceiling joists below. (See Carpentry, p. 541.) When 
they are placed parallel to that side of a room on which the chimney stands, the extreme 
one on that side ought never to be placed close to the breast, but at a distance equal to 
the breadth of the slab, in order to allow for the throwing over the brick trimmer to 
support the hearth. 

Binding Rafters. The same as purlins, which see. 

Binns for Wine. The open subdivisions in a cellar for the reception of wine in bottles. 
The average diameter allowed for green bottles is 3*56 inches. Thus a binn 6 ft. 2| in, 
long will take twenty-one bottles. If they are laid in double tiers the depth should be 
32 inches. 

Bibch. A forest tree (Reta/a) sometimes used in building, see p. 487. 

Bird's Mouth. An interior angle cut on the end of a piece of timber, for the purpose of 
obtaining a firm rest upon the exterior angle of another piece. 

Biscofius. See Architects, list of, 67. 

Bit. An instrument for boring holes in wood or any other substance, so constructed as to 
admit of being inserted or taken out of a spring. The handle is divided into five parts, 
all in the same plane ; the middle and the two extreme parts being parallel. The two 
extreme parts are in the same straight line, one of them having a brass end with a socket 
for containing the bit, which, when fixed, falls into the same straight line with the other 
end of the stock ; the further end has a knob attached, so as to remain stationary, while 
all the other parts of the apparatus may be turned round by means of the projecting part 
of the handle. 

There are various kinds of bits : as shell hits, used for boring wood, and having an in- 
terior cylindric concavity for containing the core ; centre bits used to form a large cylindric 
hole or excavation ; countersink bits, for widening the upper part of a hole in wood or iron, 
to take in the head of a screw or pin, so that it may not appear above the surface of the 
wood ; primer bits, for widening holes ; and taper shell bits, used also for the last named 
purpose. 

Bitumen. A mineral pitch used in former ages instead of mortar. The walls of Babylon 
are said to have been cemented with it. 

Blades. (Sax. Blab.) A name sometimes given to the principal rafters of a roof. 

Blade of a Chisel. The iron or steel part of it as distinguised from the wooden 
handle. 

Blade of a Saw. The thin steel part on the edge of which the teeth are cut. The 
chief properties of a good saw are, that it should be stiff and yet bend equally into a 
regular curve, well tempered, equally thick on the cutting edge, and thinner towards 
the back edge. 

Blanx Door. A door either shut to prevent a passage, or one placed in the back of a 
recess, where there is no entrance, having, nevertheless, the appearance of a real door. 

Blank Window. One which has the appearance of a real window but is merely formed 
in the recess of the wall. When it is necessary to introduce blank windows for the 
sake of uniformity, it is much better to build the apertures like the other and real win- 
dows, provided no flues or funnels interfere ; and instead of representing the sashes 
by painting, real sashes should be introduced with the panes of glass painted on the 
back. 
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Bunds. Quadrangular frames of wood or met^ covered with an opaque substance, 
stretched between the framing, so as to cover either the whole or part of the sashes of a 
window. They are used for the purpose of diminishing the intense effects of the sun*s 
rays, or of preventing passengers from seeing into the interior of an apartment. 

Block (Teutonic) of Wood. A piece of wood cut into some prescribed form for a par- 
ticular purp<^e. 

Block of Stone or Marble. A piece rough from the quarry before it has received any 
form from the hand of the workman. 

Blocking or Blocking Course. In masonry, a course of stones placed on the tc^ of a 
comice forming the crown of a wall. 

Blockings. Small pieces of wood fitted in and glued to the interior angle of two boards, 
or other pieces, for the purpose of giving additional strength to the joint. In gluing up 
columns the staves are glued up successively and strengthened by blockings ; as also 
the risers and treads of stairs and all other Joints that demand more strength than their 
own joints afford. They are always concealed from the eye. 

Blond, J. B. See Architects, list of, 274. 

Blondel, Fr. See Architects, list of, 260. 

Blondel, Jac. Fr. See Architects, list of, 293. 

Board. (Sax. Bopb. ) A piece of timber of undefined length, more than four inches in 
breadth, and not more than two inches and a half in thickness. When boards am of a 
trapezoidal section, that is, thinner on one edge than the other, they are called feather- 
edged boards. Boards when wider than nine inches are called planks. The fir boards 
called deal (because they are dealt or divided out in thicknesses) are generally imported 
into England ready sawn, being thus prepared cheaper by saw mills abroad than they 
can be here. Fir boards of this sort, one inch and a quarter thick, are called whole dealt 
and those a full half inch thick, slit deal. 

Board Lear or Lear Board. That upon which the lead work of a gutter is laid to 
prevent it sinking between the rafrers. 

Boards, Listed. Such as are reduced in their width by taking off* the sap from the 
sides. 

Boards for Vallevs or Valley Boards. Those fixed on the valley rafters, or pieces for 
the leaden gutters of the valley to rest on. 

Boarded Floors Those covered with fioor-boards. l*he laying of floors usually com- 
mences when the windows are in and the plaster dry. The boards should be planed on 
their best face and set up to season, till the natural sap is expelled. They are then to be 
planed smooth, shot, and squared on the edge. The opposite edges are brought to a 
breadth by drawing, with a flooring guage, a line on the face parallel to the other edge. 
After this they are guaged to a thickness, and rebated down on the back to the lines 
drawn by the guage. The next tbmg is to try whether the joists be level, and if not, 
either the boards must be cu^ on the under side to meet the inequality, or the joists 
must he furred up by pieces to bring the boards, when laid, to a level. The boards em- 
ployed in flooring are either battens or deals of greater breadth. The quality of battens 
is divided into three sorts. The best is that free from knots, shakes, sap wo<^ or cro^ 
grained stuff, well matched and selected with the greatest care. The second best is that 
in which only small but sound knots are permitted, but it is to be free from sapwood and 
shakes. The most Inferior kind is that left from the selection of the other two. See 
p. 574. 

Boarding Joists. Those in naked floorings to which the boards are to be fixed. 

Boarding for Lead Flats and Gutters. That which immediately receives the lead, 
rarely less than one inch and an eighth, or one inch and a quarter thick. It is usually 
laid merely with rough joints. 

Boarding Luffer or Lever Boarding. Inclined boarding, with intervals between the 
boards, nailed in an inclined direction on the sides of buildings or lanterns, so as to admit 
a free current of air, and at the same time to exclude the rain. 

Boarding for Pugging or Deafening, also called Sound Boarding. Short boards dis- 
posed transversely between the joists of floors to hold some substance intended to prevent 
sound being transmitted from one story to another. These boards are supported by 
fillets fixed to the sides of the joists about three quarters of an inch thick and an inch wide. 
The substance, often plaster, placed between them to prevent the transmission of the 
sound, is called the pugging. 

Boarding for Slating. That nailed to the rafters for the reception of the slat^, usually 
three quarters to seven eighths of an inch in thickness ; the sides commonly rough, the 
edg^ either rough, shot, plowed and tongued, or rebated and sometimes sprung^ so as 
to prevent the rain from passing through the joints. The boarding for slating may be 
so arranged as to diminish the later^ pressure or thrust against the walls by disposing 
the boards diagonally on the rafters. On the lower edge of the boarding is fixed the 
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eaties hoard, as also against all walls either at right an^es to or forming an acute angle 
with the ridge, or a right or obtuse angle with the wall plate. The eaves board is for 
rsdsing the lower ends of the lower row of slates that form the eaves. Those placed 
against walls are for raising the slates to make the wat^ run off from the wall. The 
bcMirding for slates should be of yellow deal without sap. 

Boaading foe liking Walls. The boards used for this purpose are usually from five 
eighths to three quarters of an inch thick, and are plowed and tongued together. 

BoAaniNG FOE OUTSIDE WoEK, OT Weather-boarding. Boards nailed with a lap on each 
other, to prevent the penetration of the rain and snow. The bom'ds for this purpose are 
generally made thinner on one side than on the other, especially in good permanent work. 
The feather-edged board is, therefore, in such cases, used, the thick et^e of the upper 
board being laid on the thin edge of that below, lapping about an inch or an inch and a 
hal^ and the nails being driven through the lap. 

Boaster. A tool used by masons to make the stirface of the work nearly smooth. It is 
two inches wide in the cutting part. 

Boasting in Masonbt. The act of paring the stone with a broad chisel and mallet, but 
not in uniform lines. 

In Carving, it is the rough cutting round the ornaments, to reduce them to their 
contours and profiles, before the incisions are made for forming the rafiels or minuter 
parts. See Asuar. 

Body of a Niche. That part of it whose superficies is vertical. If the lower part be 
cylindrical and the upper part spherical, the lower part is the body of the niche, md the 
upper part is termed the head. 

Body Range op a Groin. The wider of two vaults which intersect and form a groin. 

Body of a Room. That which forms the main part of the apartment, independent of any 
recesses on the ends or sides. 

Boffrand. See Architects, list of, 280. 

Bolection Moulding. See Balection Moulding. 

Bolster. The baluster part of the Ionic capital on the return side. See Baluster. 

Bolt. (Gr. fioAis, a dart). In joinery, a metal fastening for a door, and moved by tlie 
hand, catching in a staple or notch which receives it. Bolts are of various sorts, whereof 
p/ate spriny and bolts are for fastening doors and windows. 

This name is also given to large cylindrical iron or other metal pins, having a round head 
at one end and a slit at the other. Through the slit a pin or forelock is passed, whereby 
tbe bar of a door, window shutter, or the like is made fast. 'These are usually called 
round or window bolts. 

The bolt of a lock is the iron part that enters into a staple or jamb when the key is 
turned to fasten the door. Of these the two sorts are, one which shuts of itself when the 
door is shut to, called a spring bolt ; the other, which is onl^ acted upon by applying the 
key, is called tbe dormoTit bolt 

In carpentry, a bolt is usually a square or cylindrical piece of iron, with a knob at one 
«nd and a screw at the other, passing through boles for its reception in two or more pieces 
of timber, for the purpose of fastening them together, by means of a nut screwed on the 
end opposite to the knob. 'The bolt of carpentry should be proportioned to the size and 
sti^s of tbe timbers it connects. 

Boltel. See Boultine. 

Bolton. See Arcbitects, list o^ 186. 

Bond. (Sax.) Generally the method of connecting two or more bodies. Used in the 
plural number, it signifies the timbers dispi^d in the walls of a bouse, such as bond 
ben, lintels, and waU plates, 'The term chain bond is sometimes applied to tbe bond tim> 
bers placed in one or more tiers in the walls of each story of a building, and serving not 
only to tie fhe walls together during their settlement, but afterwards for nailing the 
fini^ings to. 

Bond. In masonry or brickwork is that dispoation of stones or bricks, which prevents tbe 
vrardcal joints falling over one another. See p. 519. 

Bond (Heart). Tliat bond which occurs when two stones being placed in a longitudinal 
position extending the exact thickness of the wall, another stone is put over the joints in 
the centre of the wall. 

Bond Masonry. See Bound Masonry. 

Bond Stones. Those whose longest horizontal direction is placed in the thickness of the 
, worii. See p. 520. 

Bonejng, or Boning. (Etym. doubtful.) Ibe act of judging of or making a plane surfoce 
or line by tbe eye. It is also performed by joiners with two straight edges, by which it 
is seen whether the work is out of winding, that is, whether the surface be plane or 
twisted. 

Bonoml See Architects, list of, 308. 

Booth. (British, Bwtb.) A stall or standing in a fair or market. The term is also applied 
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to any temporary structure for shade and shelter, as also for wooden buildings for itinerant 
players and pedUrs. 

Bokdbbs. ( Fr. Bord. ) Pieces of wood put round the upper edges of any thing, either for 
use or ornament. Such are the three pieces of wood, to which the term in architecture 
is more usually applied, which are mitred together round the slab of a chimney-piece. 

Boring. The art of perforating any solid. For wood the various sorts of bits are described 
under Bit. 

Borromini. See Architects, list of, 255. 

Boss. (Fr.) In sculpture, a projecting mass or prominency of material, to be afterwards 
cut or carved. 

Boss. Among bricklayers, a wooden vessel used by the labourers for the mortar used in 
tiling. It has an iron book, by which it hangs on the laths or on the rounds of a 
ladder. 

Bossage. (Fr.) Projecting stones laid rough in building to be afterward cut into mould- 
ings or carved into ornaments. The term is also used to signify rustic work, which seems 
to advance before the naked of a building, by reason of indentures or channels left at the 
joints. The cavities or indentures at the joints are sometimes bevelled or chamfered, 
and sometimes circular. 

Boucharbon. See Architects, list of, 284. 

Boulder Walls. Such as are built of round flints or pebbles laid in strong mortar. This 
construction is used where there is a beach cast up by the sea, or where there is an abun- 
dance of dints in the neighbourhood. 

Boultine or Boltel. A name sometimes given by workmen to a convex moulding, such 
as an ovolo. 

Bound or Bond Masonry. That wherein the stones of each succeeding course are laid so 
that the joint which mounts and separates two stones always falls directly over the middle 
of the stone below. 

Boutant. See Arc-boutant. 

Bow. (Sax. Busen). The part of any building which projects from a straight wall. It 
is sometimes circular and sometimes polygonal on the plan, or rather formed by two ex- 
terior obtuse angles. Bows on polygonal plans are called canted howe. 

Bow. Among draughtsmen, denotes a beam of wood or brass, with three long screws that 
direct a lath of wood or steel to an arcfau It is used in drawing flat arches of large 
radius. 

Bow Compasses are instruments for describing small circles. 

Bow Room. A room having a bow on one or more sides of it. See Bay Window. 

Bow Saw. One for cutting the thin edges of wood into curves. 

Bowlers or Bolders. See Pavement. 

Box. (Sax.) Generally, a case for holding any thing. 

Box POR Mitering. A trough for cutting miters. It has three sides, and is open at the 
ends, with cuts on the vertical sides at angles of forty-five degrees with them. 

Box OF A Rib-saw. Two thin iron plates fixed to a handle, in one of which plates an 
opening is made for the reception of a wedge, by which it is fixed to the saw. 

Box of a Theatre. One of the subdivisions in the tiers round the circle. 

Boxed Shutters, See Boxings of a Window. 

Boxings or a Window. The cases opposite each other on each side of a window, into which 
the shutters are folded or fall back. The shutters of principal rooms are usually in two 
divisions or halves, each subdivided into others, so that they may be received within the 
boxings. The subdivisions are seldom more in number than three, and are so contrived 
that the subdivision whose face is visible, which is called the front shutter, is of the exact 
breadth of the boxing, and also flush with it ; the next, hidden in the boxing, is some- 
what less in breadth than that last mentioned, and the third still less. Suppose, for in- 
stance, a window four feet wide, standing in a two-brick or eighteen-inch wil ; we may 
thus find the number of leaves each of the halves must have, as follows : — To the thick- 
ness of the wall add that of the plastering, say 2 inches, and we have 20 incb^ Now 
the sash frame =6 inches in thickness, being added to the reveal or distance =4^ inches 
of the sash frame from the face of the wall = 10| inches, which, subtracted from 20, the 
thickness of the wall and plaster, leaves 9^ inches. This will give three leaves, or sub- 
^visions, and as it is usual to make the back jlap$y or those folded within the boxings, less 
than the front shutter, whose face is visible and flush with and of the exact breadth of 
the boxings, the arrangement may be as follows : — Front shutter 9^ inches, the next 8 
inches, and the third inches ; in all, 24 inches, the half of the opening of the window. 
It will be perceived that no allowance has been made for the shutters being rebated into 
each other, as is usually the case ; and for this half an inch more must be allowed for the 
two rebates of the three leaves, and one eighth of an inch for the rebate at the meeting of 
the two principal divisions in the middle of the window, making, with the breadth of the 
three subdivisitms, 24 + f : the flaps, therefore, may be thus disposed : — Front leaf 9^ 
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inehes, second leaf 8 ^ inches, and the third leaf 6 | inches ; in all 24| inches, being Adly 
the width of each principal division. To find the depth to be given to the boxings, to 
the thickness of each of the leaves add one sixteenth of an inch, and if there be a back 
lining add also the tbicknees of that. The second and third flaps are alm<»t always 
thinner than the front leaf ; thus, say front leaf 1 | inch, second leaf inch, and third 
leaf inch ; to which add for the three leaves, and the amount will stand thus : ->• 
1 ^^. 114 . 114 .^-= 4 .^ inches for the depth of the boxings. If the walls are only a brick 
ana a half thick, or the window very wide, the architrave is made to project tefoie the 
face of the plaster, for the purpose of obtaining width for the boxings, or the plaster is 
brought out from the internal face of the wall by means of battening. 

Botden. See Architects, list of, 1 32. 

Brace. (Fr. Embrasser.) An inclined piece of timber used in trussed partitions and in 
framed roofe, in order to form a triangle, by which the assemblage of pieces composing 
the framing are stiffened. When a brace is used to support a rafter, it is called a 
When braces are used in roofs and in partitions, they should be disposed in pairs, and 
introduced in opp<^ite directions. See Angus Brace. 

Bracket. (Lat. Brachium.) A supporting piece for a shelf When the shelf is broad 
the brackets are small trusses, which consist of a vertical piece, an horizontal piece, and 
a strut ; but when narrow the brackets are generally solid pieces of board, usually finished 
with an ogee figure on their outer side. 

Brackets for Stairs are sometimes used under the ends of wooden steps next to the well- 
hole, for the sake of ornament only, for they have only the appearance of supports. 

Bracketing for Cornices, The wooden ribs nailed to the ceiling, joists, and battening 
for supporting the cornices of rooms when too large for security, by the mere dependence 
on the adhesive power of plaster to the ceiling. It consists of vertical ribs whose rough 
outline is that of the cornice, and to which the laths are nailed for sustaining the plaster 
in which the mouldings are run. The bracketing for coves is only an enlargement of the 
scale which occurs in ordinary cornices, the operation being that of obtaining a set of ribs 
to which the laths may be nailed for the reception of the plastering. The ribs in ques- 
tion are usually out of deals, whose thickness must necessarily vary with the weight of 
plaster they have to support. See p. 558, et seq. ^ 

Brad. (Etym. uncertain.) A thin nail used in joinery without the spreading head which 
other nails have, the projection of the head being only on one side. There are various 
sorts of brads, such zs joiners' brads for hard woods ; others, called batten brads, for softer 
woods ; and bill, or (quarter brads, used for a hastily laid floor. When brads are used 
they are generally driven below the surface of the wood through the medium of a punch, 
and*the hole is filled up with putty to prevent an appearance of the nailing. 

Bbamante. See Architects, list of, 167. 

Bbamantino. See Architects, list of, 156. 

Branches. The ribs of a Gothic vault, rising upwards from the tops of the pillars to the 
apex. They appear to support the ceiling or vault. 

Bbandrith. a fence or rail round the opening of a well. 

Brass. A metal much used in building. It is an alloy of copper and zinc, whose pro- 
portions vary according to the required colour. Four parts of copper and one of zinc 
form a good brass. The common process for making it is by heating copper plates in 
a mixture of native oxide of zinc, or calamine and charcoal. 

Brasses. Sepulchral plates, generally sunk into a fiat grave-stone ; sometimes with a mere 
inscription, but very frequently with effigies, armorial bearings, and other derices en- 
graved upon it. 

Brattishing. Interpreted, we know not how truly, as the carved cqien work over a shrine. 

Brat. See Architects, list of, 176, 

Breadth. The greatest extension of a body at right angles to its length. 

Break. The recess or projection of any part within or beyond the general fece of the 
work. In either case it is to be considered a break. 

Break in. In carpentry, is the cutting or breaking a hole in brickwork with the ripping- 
chisel for the purpose of inserting timber, or to receive plugs, the end of a beam, or 
the like, &c. 

Breaking Joint. In masonry or brickwork, is the placing a stone or brick over the 
course below, in such a manner that the joint above shall not fall verticaUy immediately 
above those below it. 

Breast op a Chimnet The projecting or facing portion of a chimney front towards a 
room which projects into it, or which, from other construction, may not have a break. 
It is, in feet, the wall carried up over the front of a fireplace, whether projecting or not. 
See Chimney. 

Breast op a Window. The masonry or brickwork ferming the back of the recess or 
parapet under the window siU. 

Breeze. Small ashes and cinders used instead of coal for the burning of bricks. 
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Bbassummer or Breast Summer. That is, a summer or beam placed breastwise for the 
support of a superincumbent wall, performing in fact the office of a lintel. It is prin- 
cipsdly used over shop windows to carry the upper part of the front, and supported by 
iron or timber posts, though sometimes by stone. In the interior of a building the 
pieces into which the girders are framed are often called summers. 

Brettinouam. See Architects, list of, 294. 

Brewhouse. An establishment for the manu&ctory of malt liquors. A brewhouse is 
generally provided as an appendage to dwelling-houses in the coimtry, for brewing the 
beer used by the ffimily. 

Brick. (Dutch, Bricke.) A sort of fictitious stone, composed of an argillaceous earth, 
tempered and formed in moulds, dried in the sun, and findly burnt to a proper degree of 
hardness in a clamp or kiln. (See Book II. Chap. II. Sect. 9.) The method pursued 
by the ancients in making unburnt bricks is described by Vitruvius, book ii. chap. iii. 

After mentioning the process, that author thus describes the different sorts in use : 

There are three sorts of bricks ; the first is that which the Greeks call Didoron ($i8«pov), 
being the sort we use, that is, one foot long and half a foot wide. The other two sorts 
are used in Grecian buildings ; one is called Pentadoron, the other Tetradoron. By the 
word Doron, the Greeks mean a palm, because the word Bupou signifies a gift which can 
be borne in the palm of the hand. That sort, therefore, which is five palms each way is 
called Pentadoron ; that of four palms Tetradoron. The former of these two sorts is 
used in public buildings ; the latter in private. Each sort has half bricks made to suit 
it ; so that when a wall is executed, the course on one of the faces of the wall shows 
sides of whole bricks, the other face of half bricks ; and being worked to the line on each 
j&ce, the bricks on each bed bind alternately over the course below. Besides the pleasant 
varied appearance which this method gives, it affords additional strength by the middle 
of a brick on a rising course falling over the vertical joints of the course thereunder.” 
Towards the decline of the Republic, the Romans made great use of bricks as a building 
material. According to Pliny, those most in use were a foot and a half long, and 
a foot broad. This agrees nearly with the Roman bricks used in England, which are 
generally found to be about seventeen inches in length by eleven inches in breadth. 
Ancient bricks are generally very thin, being often no more than one inch and a half 
thick. From the article by Quatremere de Quincy in the Encyc. Mhhodiqut^ it appears 
from his researches among the antique buildings of Rome, he found bricks of the following 
sizes. The least were 7^ inches (French) square and inch thick ; the medium one 16^ 
inches square, and from 18 to 20 lines in thickness. The larger ones were 22 inches square 
by 21 or 20 lines thick. The smaller ones were used to &ce walls of rubble work ; and, 
for making better bond with the wall, they were cut diagonally into two triangk^ the 
longer side being placed on the outside, and the point towards the interior of the work. 
To make the tie more effectual between the rubble and the facing, they placed at in- 
tervals of 4 feet in height, one or two courses of large square bricks, llie larger bricks 
were also used for the arches of openings to discharge the superincumbent weight. 

Bricklayers’ Work or Bricklaying. See Book II. Chap. III. Sect. 2, 

Brickwork. Any work performed with bricks as the solid material. 

Bridge. (Sax. ) A structure for the purpo^ of connecting the opposite banks 

of a river, gorge, valley, &c., by means of certain materials, forming a road- way from one 
side to the other. It may be made of stone, brick, iron, timber, suspended chains or 
ropes, or the road-way may be obtained by means of boats moored in the stream. On 
the general principles for the situation and construction, the reader is referred to 
Book III. Chap. III. Sect. 2. ; and for the principles and mode of constructing arches, 
to Book II. Chap. I. Sect. 9. 

Bridge Board, otherwise called Notch Board, is a board on which the ends of the steps 
of wooden stairs are ffistened. 

Bridge-over. A term used when several parallel timbers occur, and another piece is fixed 
transversely over them, such piece is then said to bridge-over the parallel pieces. Thus 
in framed roofing, the common rafters bridge-over the purlins ; so, in framed fiooring, 
the upper joists, to which the fiooring is fixed, bridge-over the beams or binding-joists, 
and for this reason they are called hridging-joisU. 

Bridge Stone. A stone laid from the pavement to the entrance door of a bouse, over a 
sunk area, and supported by an arch. 

Bridged Gutters are those made with boards supported by bearers, and covered above 
with lead. 

Bridging Floors are those in which bridging-joists me employed. See p. 541. 

Bridging Joists. Those which are sustained by transverse beams below, called binding 
Joists ; also thc^ joists which are nailed or fixed to the flooring-boards. 

Bridgings or Bridging Pieces, also called Strutting or Straining Pieces, are piec^ 
placed between two opposite beams to prevent their nearer approach, as rafters, braces, 
struts &c. When a strutting-piece also serves as a sill, it is called a straining sill. 
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BBiNGiNO-ur or CAs&TiK&'Ur. A term used by workmen to denote building up. Thus, 
a wall four feet means building it up. 

Bak^co. See Aachitects, list of, 202. 

BaoACHsn Work. See Daoved and Broached. 

Broad Stone. The same as free-stone. 

Bromtedm. (Gr.) In ancient Greek Architecture, that part of the theatre under the floor 
in which brazen vessels with stones in them were placed to imitate the sound of thunder. 

Bronze. A compound metal applied to various useful and ornamental purp<»e5. The 
composition consists of 6 to 12 parts of tin and 100 parts of copper. This alloy is 
heavier and more tenacious than copper ; it is also much more fusible, and less liable to 
be altered by exposure to the air. ' 

Brosse, Jacques de. See Arcuitei’ts, list of, 248. 

Brunelleschi. See Architects, list o^ 147. 

Budget. A small pocket used by tders for holding the nails in lathing for ^ing. 

Buffet. (Fr.) A cabinet or cupboard for plate, glass, or china. Some years back it was 
the practice to make these small recesses very ornamental, in the form of niches, and left 
open in the front to display the contents. At present, when used, they are generally 
closed with a door. 

Builder. A person who contracts for performing the whole of the different artificers* 
works in a building. 

Building. Used as a substantive is the mass of materials shaped into an edifice. As a 
participle, it is the constructing and raising an edifice suited to the purposes for which it 
is erected ; the knowledge requisite for the design and construction of buildings being 
the subject of this work, in which it is treated under its various heads. 

Building Act. An act passed 14 Geo. 3. cap. 78. for regulating buildings within the 
bills of mortality of kiondon. See p. 819. 

Buidding of Beams. The same as Scarfing. See p. 542. 

Bulker. A terra used in Lincolnshire to signify a beam or rafter. 

Bull's Ete, Any small circular aperture for the admission of light or air. 

Bull's Nose. The external or other angle of a polygon, or of any two lines meeting at an 
obtuse angle. 

Buli.en Nails. Such as have round heads with short shanks turned and lacquered. They 
are principally used in the hangings of rooms. 

Bullock Sheds. Houses or shSs for feeding bullocks, in which the main points to be 
observed are good ventilation, facility in feeding and cleaning the animals, perfect drain- 
age, and a gc^ aspect. They ought not to be less than nineteen feet wide. 

Bundre Pillar. In Gothic architecture, a column consisting of a number of small pillars 
round its circumference. 

Buonarbotti, M. a. See Architects, list of, 219. 

Buono. See Architects, list of, 95. 

Buono, Bartolomeo. See Architects, list 191. 

Buontalenti. See Architects, list of, 241.* 

Burlington, Earl of. See Architects, list 293, 

Burroughs. See Architects, list of, 287. 

Buschetto. See Architects, Ust ofi 18. 

Btotamente. See Architects, list ofi 233. 

But-binges. Those employed in the hanging of doors, shutters, casements, &c. They are 
placed on the edges with the knuckle projecting on the side in which the closure is to 
open, and the other edges stopping against a small piece of wood left in the thickness 
of the closure so as to keep the arris entire. Workmen generally sink the thickness of 
the hinges flush with the surface of the edge the closure, and the tail part one half 
into the jamb. Of but-hinges there are several kinds ; such as stop but-hinpesy which 
permit the closure to open only to a right angle, or perhaps a little more, without 
breaking the binges; rising which are those that turn upon a screw; these are 

most employed in doors, and cause the door to rise as it opens, so as to clear the carpet 
in the apartment ; dip-off but-hingesy which are those employed where a door or window 
blind is required to be taken off* occasionally. 

Butment. TTie same as Abutment, which see. 

Butmxnt Cheeks. The two solid sides of a mortise. The thickness of each cheek is 
usually equal to the thickness of the mortise, but it happens that circumstances arise to 
vary this thickness. 

Butt-end of a Piece of Timber. That which was nearest the root of a tree. 

Buttery. A store-room for provisions, which, if possible, should be on the north side ot 
a building. 

BumNG Joint. Hiat formed by the surfeces of two pieces of wood, whereof one is per- 
pendicular to the fibres, and the other in their direction, or making an oblique angle 
with them, as for example, the joints made by the struts and braces with the truss posts. 
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Button. A small piece of wood or metal, made to turn about a centre for fastening a 
door, draw, or any other kind of closure. The centre is generally a nail, which should 
be smooth, rounded, and the head filed even. 

Buttress. (Fr. Aboutir, to lie out.) A mass of brickwork or masonry to support the 
side of a wall of great height, or pressed on the opposite side by a bank of earth or body 
of water. Buttre^es are employed against the piers of Gothic buildings to resist the 
thrust of the vaulting. See Arc Boutant, or flying buttress. The buttress called the 
pillared buttress is formed by vertical planes att^hed to the walls themselves. These 
sometimes form the upright terminations of buttresses. 

C. 

Cabin. (Brit. Chabin.) A term applied to the huts and cottages of poor people and to 
those of persons in a savage state of life. 

Cabinet. (Fr.) A retired room in an edifice set apart for writing, study, or the preserv- 
ation of any thing curious or valuable. The term is also applied to an apartment at the 
end of a gallery in which pictures are hung, or small pieces of sculpture, medals, bronzes, 
and other curiosities are arranged. 

Cable. A moulding of a convex circular section, rising from the back or concave surface 
of a flute, so that its most prominent part may be in the same continued circular surface 
as the fillet on each side of the flute. Thus the surface of a flute is that of a concave 
cylinder, and that of the cable is the surface of a convex cylinder, with the axes of the 
cylinders parallel to each other. The cable seems to represent a rope or staff laid in the 
flute, at the lower part of which it is placed about one third of the way up. 

Cabled Column. One in which cables, as described in the last article, are used. 

Cabled Flutes. Such as are filled with cables. 

Cabling. The filling of the flutes with cables, or the cables themselves so disposed. 
Cabling of flutes was not frequently used in the works of antiquity . The flutes of the 
columns of the arch of Constantine are filled with cables to about one third of the height 
of the shaft. Most of the columns in the ruim of Baalbec, Palmyra, and the palace of 
Diocletian at Spalatro, have neither flutes nor cables. In modern times an occasional 
abuse has been practised of cabling without fluting, as in the church della Sapienza at 
Rome. 

Caer. a term in British antiquity, which, like the Saxon term CAesfcr, denotes a castle, 
and is generally prefixed to the names of places fortified by the Romans. 

Cage, in carpentry, is an outer work of timber inclosing another within it. Thus the cage 
of a stair is the wooden inclosure that encircles it. 

Caisson. (Fr.) A large and strong chest of timber, water-tight, used in large and rapid 
rivers for building the pier of a bridge. The bottom consists of a grating of tim^r, 
contrived in such a manner that the sides, when necessary, may be detached from it. 
The ground under the intended pier is first levelled, and the caisson being launched and 
floated into its proper position, it is sunk, and the pier built therein as high as the level 
of the water, or nearly so. The sides are then detached, and the pier, built as described, 
sinks down on the foundation prepared for it. The tonnage of each of the caissons used 
at Westminster Bridge was equal to that of a forty-gun ship. 

Caissons in Vaulting. The sunken pamiels on ceilings, vaults, and cupolas. See Book 
III. Chap. II. Sect. 3. 

Calcareous Cements. See Cement in the body of the work, p. 505, et seq. 

Calcareous Earth. A species of earth which becomes friable by burning, and is after- 
wards reduced to an impalpable powder by mixing it with water. It also eflervesces 
with acids. It is frequently met with in a friable or compact state in the form ot 
chalk. 

Caldaridm. (Lat.) In ancient architecture a clo^ vaulted room, in which persons were 
brought into a state of profuse perspiration. It was one of the apartments attached to 
ancient baths, and was also denominated Vaporarium^ SutkUoriumy and Ixtcouicum. 

Calfpen. a place for nourishing calves. It is generally a small apartment within the 
cowhouse ; but the practice is not to be re<»mmended, as it keeps the cow in a restless 
and agitated state, and prevents her from feeding well, and giving that quantity of milk 
she would otherwise furnish. 

Caliber. (Spanish.) Die greatest extent or diameter of a rounn bony. 

Caliber Compasses. Those made with bent legs for taking the diameter of a convex or 
concave body in any part. See Mould. 

Caliducts. ( L.at. ) Pipes or channels disposed along the walls of bouses and apartments. 
They were used by the ancients to convey heat to the remote parts of the house from 
one common furnace. 

Caliper. See Caliber. 

Callias. See Architects, list 18 . 
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Caluceates. See Abchitects, list of , 13. 

Calumachus. See Architects, list of, 24. 

Calotte. (Fr.) A concavity in the form of a cup or niche, lathed and plastered, serving 
to Himiniah the height of a chapel, alcove or cabinet, which otherwise would appear too 
high for the breadth. 

Camabork. (Gr.) An elevation terminated with an arched or vaulted head. 

Caicbbr. (Gr.) An arch on the top of an aperture or on the top of a beam. Hence 
camber windows. 

Camber Beams. Those which form a curved line on each side from the middle of their 
length. All beams should, to some degree, if possible, be cambered ; but the cambered 
beam is used in flats and church platforms, wherein, after being covered with boards, 
these are covered with lead, for the purpose of discharging the rain-water. 

Camebateb. (Gr.) The same as arched. 

Camcs. Small slender rods of cast lead in glazing, twelve or fourteen inches long, of 
which, by drawing them separately through a species of vice, the glaziers make their 
turned lead for receiving the glass of casements. 

Camp Ceiling. A ceiling whose form is convex inwardly. 

Campanile. (It. a bell tower.) A tower for the reception of bells, usually, in Italy, 
separated from the church. Many of the campaniles of Italy are lofry and magnificent 
structures. That at Cremona is much celebrated, being 395 feet high. It consists of a 
square tower, rising 262 feet, surmounted by two octagonal open stories, ornamented 
with columns ; a conical shaft and cross terminate the elevation. The campanile of 
Florence, from the, designs of Giotto, though in bad taste, has claims on our admiration 
for its richness and the superiority of the workmanship. It is 267 feet high, and 45 feet 
square. The most remarkable of the campaniles in the country mentioned is that at 
Pisa, commonly called the ** Leaning Tower.’* It is cylindrical in general form, and 
surrounded by eight stories of columns, placed over one another, each having its enta- 
blature. Each column carries the springing of two arches, and there is an open gallery 
between the columns and the circular wall of the tower. The height of the last story of 
columns, in which are the bells, is set back from the general line of the elevation. The 
height is about 150 feet to the platform, whence a plumb line lowered foils on the 
leaning side nearly 13 feet beyond the base of the build^g. 

Campbell. See Architects, list of, 271. 

Campero. See Architects, list of, 1 98. 

Camp-sheeting or Campshot. The sill or cap of a wharf wall. 

Canal. (It Canale.) A duct for the conveyance of a fluid ; thus the canal of an aqueduct 
is the part through which the water flows. In ancient aqueducts it was lined with a coat 
of mastic. 

Canal. A term sometimes used for the flutings of a column or pilaster. The caned of 
the volute is the spiral channel, or sinking on its foce, commencing at the eye, and 
following in the revolutions of the volute. The caned of the larmier is the ch a n ne l or 
groove sunk on its soffite to throw off the rain, and prevent it from r unning down the 
bed mould of the comice. 

Cancelu. (Lat.) latticed windows, or those made with cross bars of wood or iron. 
The balusters or rmls which close in the bar of a court of justice, and those round the 
altar of a church, are also so called ; hence the word chanceL 

Candelabrum. (Lat. Candela.) A stand or support on which the ancients placed a 
lamp. Candelabra varied in form, and were highly decorated with the stems and leaves 
of plants, }»rts of animals, flowers, and the like. The etymology of the word would 
seem to assimilate the candelabrum to our candlestick ; it is, however, certain that the 
word candela was but a lamp, whereof the candelabrum was the support. In the works 
of Piranesi some of the finest specimens are to be found. The most curious, however, 
8S respects form, use, and workmanship, are those excavated at Herculaneum and 
PompeiL They are all of bronze, slender in tbeir proportions, and perfectly portable, as 
they rarely in height exceed five feet. On none of the candelabra hitherto found is there 
any appearance of a socket or pipe at top, from which an inference as to the use of 
candles could be made. 

Canephora (Gr. bearing a basket) Figures of young persons, of either sex, 

bearing on their heads baskets containing materials for sacrifice. They are frequently 
confounded with caryatides, from their resemblance in point of attitude and the modem 
abuse of their application. 

Canopy. (Gr. K«v»»€toK.) An ornamented covering over a seat of state; and in its 
extended signification any covering which affords protection from above. It is also the 
labd exr projecting roof that surrounds the arches and hea^ of gothic nich^ 

Cant. An external angle or quoin of a building. Among carpenters it is used as a verb, 
to signify the turning of a piece of timber which has been brought in the wrong way for 
their work. 
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Cakt Mooiding. One with one or more bevelled, instead of curved, sur&ces. The cant 
moulding was used at an early period of the art. 

Caktalever or Cantilever. (Probably from Canterli labrum, the Up of the rafter.') Bloclcs 
inserted into the wall of a building for supporting a balcony, the upper members of a 
cornice, or the eaves of a house, and the like, 'niey answer the same purpose as mo- 
dillions, mutules, blocks, brackets, &c., although not so regularly applied. They are, in 
modem use, not unfrequently made of timber or cast iron, and project considerably, as in 
the church of St. Paul, Covent Garden, which projects one quarter of the height of the 
column. ^ 

Canted Column. One whose horizontal sections are polygons. In the works of the 
ancients it is rarely met with. The examples immediately occurring to us are the 
columns of the portico of Philip of Macedon and of the temple of Cora. 

Cantharus. a fountain or basin of water in the centre of the atrium before the ancient 
churches, wherein persons washed their faces and bands before they entered. Among the 
Romans the cantharus of a fountain was the part out of which the water issued. 

Canthers or Canterii. In ancient carpentry the common rafrers of a roof, whose ends, 
say some, the mutules of the Doric order represent 

Canting. The cutting away of a part of an angular body at one of its angles, so that its 
horizontal section becomes thereby the portion of a polygon of a greater number of sides 
whose edges are parallel from the intersection of the adjoining planes. 

Cantoned Building, One whose angles are decorated with columns, pilaster^ rustic 
quoins, or any thing projecting beyond the naked of the wall. 

Cap. a term used in joinery, signifying the uppermost of an assemblage of parts. It is 
also applied to the capital of a column, the comice of a door, the capping or uppermost 
meml^r of the surbase of a room, the handrail of a staircase, &c. 

Capital, (Lat. Caput.) The head or uppermost member of any part of a building ; but 
generally applied in a restricted sense to that of a column or pilaster of the several orders, 
to which (Sections 3, 4, 5, 6, 7. Chap. I. Book III.) the reader is referred for the difr 
ferences of their capitals. The chief of the capitals of Eastern and Egyptian architecture 
are shown in 58, 59, Ac. 

Capital, angular. The modem Ionic capital, whose four sides are alike, showing the 
volute placed at an angle of 135^ on all the 0kces. 

Capital op a Baluster. The crowning or head mouldings of it. 

Capital of a Lantern. The covering by which it is terminated \ it may be of a bell 
form, that of a dome, spire, or other regular figure. 

Capital of a Trigltph. The square b^d which projects over it. In the Roman Doric 
it has a greater projection than in the Grecian. 

Cafreoll (Lat.) In ancient carpentry the joints or braces of a trussed roof See 

Caracol. a term sometimes applied to a staircase in the form of a helix or spiral. 

Caravansera. Among the Eastern nations a large public building or iim appropriated to 
the reception and lodgment of travellers by caravans in the desert. Though the cara* 
vansera serves the purpose of an inn, there is this essential difference between the two, 
that in the former the traveller finds nothing either for the use of himself or his cattle, 
but must carry all his provisions and necessaries with him. Caravanseras are also 
numerous in cities (see an example, 33.), where they serve, not only as inns, but as 
shops, warehouses, and even exchanges. 

Carcass. The naked building of a house before it is lathed and plaistered, or the floors 
laid, &c. 

Carcass Flooring. That which supports the boarding, or floor boards, above, and the 
ceiling below, being a grated frame of timber, varying in many particulars which are. 
described, Book II. Chap. III. Sect, 4., in the body of the work. 

Carcass Roofing. The grated frame of timber work which spans the building, and 
carries the boarding and other covering. The method of framing the carcass roofing of 
a building in its varieties is given, p. 544, et seq. 

Cardinal Scapl In ancient Roman joinery, the stiles of doors. 

Caeilepho. See Architects, list of, 83. 

Carolitic Column. One with a foliated shaft. 

Carpenter. (Fr. Charpentier.) An artificer who cuts, forms, and shapes timbers for the 
purposes of giving strength and support to the various parts which are of timber, in the 
construction of buildings. 

Carpenter’s Rule. The rule by which carpenters take their dimensions, and also through 
the aid of a brass slide, which m^es it a sli^ng rule, are enabled to make calculations 
in multiplication and ^vision, besides other operations. 

Carpenter’s Square. An instrument whose stock and blade consists of an iron plate of one 
piece. One leg is eighteen inches long, and numbered on the outer edge from the exterior 
angle with the lower part of the figures adjacent to the interior edge. The other leg is 
twelve inches long, and numbered from the extremity towards the angle ; the figures being 
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read iGrom the interaal aogl^ as on the other side. Each of the legs is about an inch 
.broad. This instrument is not only used as a square, but also as a lerel and measuring 
rule. 

CaaPEirrRT. (Lat. Carpentum, carved wood.) An assemblage of pieces of timber con- 
TOCted by filming, or letting them into each other, as are the pieces of a roof, door, 
centre, It is distinguished from joinery by being put together, without the of 
any other edge tools than the axe, adze, saw, and chisel, whereas joinery requires the use 
of the plane. The leading points that require attention in sound carpentry are, — 
1. the quality of the timber used; 2. the disposition of the pieces of timber, so that 
each may be in such direction, with reference to the fibres of the wood, as to be most 
capable of performing its office properly ; 3. the forms and dimensions of the pieces ; 
4th. the manner of framing the pieces into each other, or otherwise uniting them by 
means of iron, or other metal. The subject of carpentry in the body of the work is 
treated under the head of Mechanical Carpentry, Book II. Chap. L Sect. 11., and 
of Practical Carpentry, in the same Book, Chap. III. Sect. 4. 

Carrara Marble The name of a species of white marble obtained at the quarries near 
the town bearing that name, in the Tuscan States. It was called marmor lunense and 
Ugustrum by the ancients, and differs from the Parian marble by being harder in texture, 
and less bright in colour. 

Carriage. The timber framework on which the styes of a wooden staircase are supported. 
See p. 443. 

Carry up. See Bring up. 

Cartouch. (Fr.) A name given to the modillion of a comice used internally. It is also 
used to denote a scroll of paper, usually in the form of a tablet, for the reception of an 
inscription. In Egyptian architecture, applied to those parts of an hieroglyphic inscrip- 
tion enclosed by lines. 

Carver. (Ceoniran.) An artihcer who cuts wood into various forms and devices. Carving, 
generally, is the art of cutting a body by recession, in order to produce the representation 
of an object, either in relief, or recessed within the general surface. lu this sense it 
equally applies to the making of intaglios as to that of making cameos. 

Caryatides. Figures used instead of columns for the support of an entablature. See 
Book I. Chap. II. Sect. 11., and Book III. Chap. I. S^t. 15. 

Case. The outside covering of any thing, or that in which it may be enclosed. It is also 
a term used to denote the carcass of a house. 

Case Bats. The joists framed between a pair of girders in naked fiooring. When the 
flooring joists are framed with one of their ends let into a girder, and the opposite ends 
let into a wall, they are called tail^bags. The extent of the case^bags should not exceed 
ten feet 

Case of a Door. The wooden frame in which a door is hung. 

Case op a Stair. The wall surrounding a staircase. 

Caseb. A term signifying that the outside of a building is faced or covered with materials 
of a better quality. Thus, a brick wall is said to be cased with stone, or with a brick 
superior in quality to that used in the inner part of the walL 

Cased Sash Frames. Those which have their interior vertical sides hollow, to admit the 
weights which balance the sashes bung between them. 

Casemate. A hollow moulding, such as the cavetto, which see. 

Casement. A glazed frame or sash, opening on hinges affixed to the vertical sides of the 
frame into which it is fitted. 

Casing. See Lining. 

Casino. (It. a small house.) A term applied now to a small country house ; but formerly 
to (me capable of affording defence on a small scale against an attacking force. 

Castella. In ancient Roman architecture, reservoirs in which the waters of an aque- 
duct were collected, and whence the water was conducted through leaden pipes to the 
several parts of a city. 

Castellated Houses. Those with battlements and turrets, in imitation of ancient 
castles. 

Casting. In carpentry and joinery a term synonymous with warping. It means the 
bending of the surfeces of a piece of wood from their original state, caused either by the 
gravity of the material, by its being subject to unequal temperature, moisture or the 
ununiform texture of the material. 

Castle. (Lat. Castellum, or Sax. Capcei.) A building fortified for military defence ; al^ a 
hoi^ with towers, usually encompassed with walls and moats, and having a donjon or 
.keep in the centre. The principal castles of England at present are those of the Tower 
of London, of Dover, Windsor, Norwich, &c. At one time th(^ of Harwood, Spoffbrth, 
Kenilworth, Warwick, Arundel, and others, might have vied with these in importance, 
'fhe characteristics of a castle are its vo/ia (embankments) and (ditches) ; from the 

former whereof the walls rise usually crowned with battlements, and flanked by circular 
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or polygonal bastions at the angles formed by the walls. These i^ere pieced for gates, 
with fixed or drawbridges, and towers on each side. The gates of considerable strength 
were further guarded by descending gratings, called porictdlises. All the apertures were 
made as small as they could be, consistent with internal lightii^. 

The component p^s of the castle were — the foste or moot, with its bridge ; the ftor- 
hacan, which was in advance of the castle, being a raised mound or tower, whose outer 
walls had terraces towards the castle, with their hastions, as above>mentu>ned ; the gate^ 
home, flanked by towers, and crowned with projections called machicaiations, through 
which heavy materials, or molten lead, were dropped on the assailants ^tering the gate- 
way ; the outer bailium, or bailey, or area within the castle, which was separated from 
the inner bailium by an embattled wall with a gatehouse, and in which the stables mid 
other offices were usually seated ; and the inner baUium, for the residence of the owner or 
governor, and his retinue ; this, at one comer, or in the centre, had a donjon, or keep tower, 
which was the stronghold of the place, and contained a 'state apartment, a well, and a 
chapel ; the former usually, and the latter frequently, are found in ancient castles. The 
reader who desires detailed information on this matter is referred to King's Mun. Antiq, 
4 Tols. folio ; the Archseologia, in many places ; Leland’s Colket, voL ii. Ac. &c. 

Catabasiok. (Gr. Kara/3aifw.) A place in the Greek church, under the altar, in which 
relics are deposited. 

Catacombs. (Gr. Karo, against, and KoyMos, a hollow place.) Subterraneous places for 
burying the dead. The hypogsa, crypta, and cimeteria of the ancients were used for 
the same purpt^. In some cities the excavations for catacombs were of vast extent, and 
were used for other purposes than those of sepulture ; at Syracuse, for instance, the same 
cavern served for a prison as welt as a public cemetery. It has been said, that in the early 
ages of Christianity they served as places of public worship or devotion. The most 
celebrated for their extent are those of Rome, Naples, Syracuse, &c. ; and the more mo- 
dem ones of Pans, which have been formed by quarrying for the stone, whereof a great 
part of the city has been buUt. 

Catafalco. (It a scaffold.) A temporary structure of carpentry, decorated with paint- 
ing and sculpture, representing a tomb or cenotaph, and used in funeral ceremonies. 
That used at the find interment of Michel Angelo, at Florence, was of a very magnifi- 
cent description ; and, for the art employed on it, perhaps unequalled by any other l^fore 
or since its employment 

Catch Dbaik. A drdn used on the side of a larger open one, or of a canal, to receive the 
surplus water of the principal conduit 

Catenary Cueve. The mechanical curve formed by a heavy flexible cord or chain of 
uniform density, banging freely from the two extremities. Galileo first noticed it, and 
proposed it as ^e proper figure for an arch of equilibrium. He, however, imagined that it 
was the same as the parabola. It was James Bemouilli who first investigated its nature, 
and its properties were thereafter pointed out by John Bemouilli, Huygens, and Leib- 
nitz. From the first of these mathematicians, the following geometrical method of de- 
termining the relations between the parts of a catenary is translated. The catenarean 
curve is of two kinds, the common, which is formed by a chain equally thick or equally 
heavy in all its points ; or uncommon, which is formed by a thread unequally thick, that 
is, which in all its points Is unequally heavy, and in some ratio of the ordinates of a 
given curve. To draw the common catenary mechanically, suspend on a vertical plane 
a chain of similar and equal links of homogeneous matters, as flexible as possible, foom 
any two points not in a perpendicular line, nor so distant from each other as the length 


of the chain. Frick the plane through the links as nearly as possible in the middle of 
the chmn, and through the points draw the catenary (Jig. 1043.). Let the chord FBD or 
be given, and the abscissa BA or 6 A intersecting it (^jr. 1043.)in Bor 6 at a given angle. 
Draw the vertical line BA and FBD or ¥bd at 
the given angle on the plane. Fix one end of 
the chain at F, and from the point D or ^ with 
another part of the chain, raise or lower the 
chain until the lower part coincide with A, and 
through points, made as before, draw the curve. 

To draw a tangent to thecatenary : let DBF 
be a horizontal line, and at right angles to BA 
from A draw AR equal to the curve DA, 
obtained as before, and draw BR, which bisect 
in o. At right angles to BR draw oC inter- 
secting BA continued in C. Draw CR, and 
make the angle BDT equal to the.angle ACR. 

DT is the tangent required, and BC equals 
CR; CA is the tension at the point A, or the horizontal draft, which, in a catenary, is 
in every point the same, and is therefore a constant quantity ; as DB : BT*’CA * AR* 

3 P 
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or as DB : BT :: the eonstant quantity CA : AR, equal to the length of the chair 
AD. 

If CH be drawn through C at right angles to BC it is called the directrix, and DH 
drawn parallel to BC, intersecting the directrix at H, is the tension at the point D, being 
idw^s equal to the sum of the abscissa and constant quantity. With the centre C and 
radius s= the tension DH at Ds CB, cut the tangent at the vertex A in R, then AR is 
the length of the chain AD. 

AC is the semi<axis of an equil^eral hyperbola, and also the radius of curvature of a 
circle equicurved with it and the catenary. 

In the triangle CAR, when CA is the radius, then the tension equals CR, the secant 
of the angle ACR( = BDC). The chain AD equals AR, the tangent of the same 
angle and the absciss AB equals CR — CA=SR. Hence, ACR being a right-angled 
triangle, it is manifest that when two of the five quantities, viz. the angle, the absciss, 
the length of the chain between the vertex and point of svspension, the constant quantity or ten- 
sion at the vertex, and the tension at the points of suspension, are known, the other three 
may be obtained geometrically, or from a table of tmigents and secants. 

Catharine Wheel. In Gothic buildings an ornamented window or compartment of a 
window of a circular form, with rosettes or radiating divisions or spokes. In the cathedral 
at Rheims, the church of St. Ouen at Rouen, in Winchester Cathedral, and the transepts 
of Westminster Abbey, are specimens, among many others, of this species of ornamental 
window. 

Cathedral. (Gr. KofieSpo, a seat or throne.) The principal church of a province or diocese, 
wherein the throne of archbishop or bishop is placed. It was origin^y applied to the 
seats in which the bishop and presbyters sat in their assemblies. In after times, the 
bishop's throne was, however, placed in the centre of the apsis, on each side whereof were 
inferior seats for the presbyters. In the present day the bishop’s throne is placed on one 
side of the choir, usually on that towards the south. 

Cathetus. (Gr. KaBeros, let down.) A perpendicular line passing through the centre of a 
cylindrical body as a baluster or a column. It is also a line falling perpendicularly, and 
passing through the centre or eye of the volute of the Ionic capital. 

Cattle Shed, or Cattle House. In agricultural buildings an erection for containing 
cattle while feeding, or otherwise. The cattle shed is, of course, most economically con- 
structed when built against walls or other buildings. If cattle sheds are built in isolated 
situations, the expense of a double shed will be much less than that of a single one, to 
contain the same number of cattle. Buildings of this description should be well ven- 
tilated, and be so constructed as to require the least possilde labour in supplying the 
Ibod, and clearing away the dung. The stalls should be placed so as to keep the cattle 
dry and clean, with sufficient drains to receive the ordure. There should be good 
provision of air boles in the roof ; and, if the building have gables, a window should be 
placed in each as high as possible with moveable luffer-boards, as in granary windows, 
which may be easily opened and shut by means of a rope attached to a lever connected 
with them. These precautions will much tend to the health of the cattle, and even 
preserve the timbers, which in such buildings are peculiarly apt to rot at an early period 
after their erection, from the constant alternations of dryuess and moisture. 

Cattus. a moveable shed usually fixed on wb^ls. 

CaulicoLjB or Caulicoll (X^at. Caulis, a stalk.) The eight lesser branches or stalks in 
the Corinthian capital sprin^ng out from the four greater or principal caules or stalks. 
The eight volutes of the capital of the order in question are sustained by four caules or 
leaves, from which these cauUcoW or lesser foliage arise. They have been sometimes 
confounded with tire helices in the middle, and by otbers with the principal stalks whence 
tiiq{ arise. Other definitions have been also incorrectly giv^ but not worth notice 
here. 

Caulking or Cocxing. The mode of fixing the tie-beams of a roof or the binding joists 
of a floor down to the wall-plates. Formerly this was performed by dovetailing in the 
following manner : — A small part of the depth of the beam at the end of the under side 
was cut in the form of a dovet^, and to receive it a corresponding notch was formed in 
the upper side of the wall-plate, across its breadth, making, of course, the wide part of 
the dovetail towards the exterior part of the wall, so that the beams, when laid in their 
notches, and the roof finished, would ^eatly tend to prevent the walls separating, though 
strained by inward pressure, or even if they should have a tendency to spread, through 
accidents or bad workmanship. But beams so fixed have been found liable to be drawn 
to a certain d^ee out of the notches in the wall-plates from the shrink ing of the timber; 
a nmre secure mode has therefore be^ introduced, which obviates all hazard of one being 
drawn out of the other by any deficiency of seasoning in the timbers, or by any changes 
of weather. 

Caustic Curve. (Gr. Kow, to bum.) The name given to a curve, to which the rays of 
light, reflected fvt refracted by axujthgat curve, are tangents. The curve is of two kinds 
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Rie wk^eamstie and the dtacausHc ; the former being caused by reflection, and the latter by 
refraction. 

Ca VADIUM. (Lat.) In ancient architecture an (^en quadrangle or court within a house. 
Hie caracdia described by VitruTius are of five species : — Tuscanicum, CorinthilLin, 
Tetmstylon (with four columns), Displuviatum (uncovered), and Ttstudinatum (vaulted). 
Some authors have made the cavsedium the same as the atrium and vestibulum, but they 
were essentially different. 

Cave. (Lat. Cavum.) A hollow place. Perhaps the oldest species of architecture on 
record. 

Cave.x. (Lat.) In ancient architecture the subterranean cells in an amphitheatre, wherein 
the wild beasts w^re confined in readiness for the fights of the arena. In the end the 
mnphitheatre itself (by synecdoche) was called cavea, in which sense it is employed by 
Ammianus Marcellinus, lib. xxix. cap. t 

Cavetto. (Lat. Cavus ) A hollowed moulding, whose profile is the quadrant of a circle. 
It is principally used in cornices. 

Cedar. (Gr. KvSpor.) The pinus cedrus of Linnseus, a forest tree little used in this 
country, except for cabinet work. See p. 484. 

Ceiling. (Lat. Ccelum. ) The upper horizontal or curved surfoce of an apartment opporite 
the floor, usually finished with plastered work. The subject of ceilings is treated of at 
length in Sect. 24. Chap. 1. Book III. 

Ceiling Floor. The joisting and ceiling supported by the beams of the roof. 

Ceiling Joists. Small beams, which are either mortised into the sides of the binding 
joists, or notched upon and nailed up to the under sides of those joists. Hie last mode 
diminishes the height of the room, but is more easily executed, and is by some thought 
not so liable to break the plaster as when the ends of the ceiling-joists are inserted into 
pulley mortises. 

Celer. See Architects, list of, 42. 

Cell. (Lat. Celia.) In ancient architecture the part of a temple within the walls. It was 
also called the naos^ whence our nate in a church. The part of a temple in front of the 
cell was called the pronaoSf and that in the rear the posticum. 

Cellar. (Fr. CelUer.) The lower story of a building, when wholly or partly under the 
level of the ground. 

Cement. (L^t Cementum.) The medium through which stones, bricks, or any other 
materials are made to adhere to each other. The different cements for stones and bricks, 
the most important in biulding, are treated of in Book II. Chap. II. Sect. 11. 

Celtic Architectcre. See Book I. Chap. II. Sect. 1. 

Cemetert. (Gr. Kci/uu, I lie dead.) An edifice or area where the dead are interred- The 
most celebrated public cemeteries of Europe are those of Naples, of that in the vicinity 
of Bologna, of Hsa, and of the more modem ones of Paris, whereof that of P^re la Chaise 
is -the principaL That of Fisa is particularly distinguished by the beauty of its form and 
architecture, which b of early Italian Gothic. It b 490 feet long, 170 feet wide, and 
60 feet high, cloistered round the four sides. 

Cenotaph. (Gr, Kevor, empty, and Ta«f>oy, a sepulchre.) A monument erected to the 
memory of a person buried in another place. 

Centering. The temporary woodwork or framing whereon any vaulted work is con- 
structed, sometimes called a centre. The principle upon which centering is constructed 
will be found under the heads of Mechanical Carpentry, Book II. Cl^p. I. Sect. 11. 
and of Practical Carpentry, Book II. Chap. 111. Sect. 4. 

Centre. (Lat Centrum.) In a general sense denotes a point equally remote from the ex- 
tremes a line, superficies, or body, or it b the middle of a line or plane by which a 
figure or body b divided into two equal parts ; or the middle point so dividing a line, 
plane, or soli^ that some certain effects are equal on all its sides. For example, in a 
circle the centre b ev«ry where at equal distance from the circumference ; in a sphere 
the centre b a point at the same distance from every point in the surface. 

Centres op a Door. The two pivots on which the door revobres. 

Centrolinead. An instrument for drawing lines converging to a point at any required 
distance, whether accessible or inaccessible. 

Ceroma. (Gr.) An apartment in the Gymnasia and baths of the ancients, where the 
bathers and wrestlers were anointed with oil thickened by wax, as the name imports. 

Cesspool, or Sesspool. A well sunk under the mouth of a drain to receive the sediment 
which might choke up its passage. 

Chain Timbers. See Bond. 

Cralcidicom. (Lat.) In ancient architecture a term used by Vitruvius to denote a large 
building appropriated to the purpose of administering justice, but applied sometimes to 
the tribun^ its^. According to Festus, the name b derived from Chalcis, a city in 
Euboea, 

Chalk. (Germ. Kalk.) Earthy carbonate of lime, found in abundance in (^eat Britain, 
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and, indeed, in most parts of the world. It is insoluble in water, but decomposed by heat, 
and somethnes used in masonry for the same purposes as limestone. 

Chaicbbk. (Fr. Chambre.) Properly a room vaulted or arched, but the word is now 
genorally used in a more restricted sense to signify an apartment appropriated to 
lodging. With the French the word has a much more exten^ye meaning ; but with us 
the almost only use of it, beyond what is above stated, is as applied in a palace to the 
room in which the sovereign receives the subject, which room is called the Presence 
Chmnber. 

Chahkbb of a Lock. In canals the space between the gates in which the vessels rise and 
sink from one level to another, in order to pass the lock. 

Chamber Story. That story of a house appropriated for bed-rooms. In good houses 
it should never be less than ten feet high, in better houses from twelve feet to fifteen 
feet. 

Chambers. See Architects, list of, 300. 

Chambranle. (Fr.) An ornamental bordering on the sides and tops of doors, windows, 
and fireplaces. This ornament is generally taken from the architrave of the order of 
the building. In window frames the sill is also ornamental, forming a fourth side. The 
top of a three-sided chambranle is called the transverse, and the sides ascendants. 

Chamfer. (Fr. Chamfrein.) The arris of anything originally right-angled cut a dope or 
bevel, so that the plane it then forms is inclined less than a right angle to the other 
planes with which it intersects. 

CuAMPAiK Like. In ornamental carved work formed of excavations is the line parallel to 
the continuous line, either ascending or descending. 

Chancel. That part of the eastern end of a church in which the altar is placed. See 
Cancelli. This is the strict meaning ; but in many cases the chancel extends much 
further into the church, the oiiginal divisions having been removed for accommodating a 
larger congregation. The word is also used to denote a separate division of the ancient 
basilica, latticed off to separate the judges and council from the audience part of the 
place. 

Chanpry. An apartment in a palace or royal dwelling for depositing candles and other 
lights. 

Channel. (F/. CanaL) A long gutter or canal sunk below the surfoce of a body. 

Channel or the Larmxbr. Canal of the Larmier. 

Channel of the Volute. See Canal of the Volute. 

Channel Stones. In paving are those prepared for gutters or channels, serving to collect 
and run off the rain water with a current. 

Chantry. (Lat. Caotaria.) A little chapel in ancient churches with an endowment for 
one or more priests to say mass for the release of souls out of purgatory. In the four- 
teenth year of Edward VI. all the chantries in England were dissolved : at this period 
there were no less than forty-seven attached to St. Paul's Cathedral. 

Chafel, (Lat. Capella.) A building for religious worship, erected separately from a 
church, and served by a chaplain. In Catholic churches, and in cathedrals and abbey 
churches, chapels are usually annexed in the recesses on the sides of the aisles. These 
are also called chantries. 

Chapiter. Hie same as Capital, which see. 

Chaplet. (Fr. Chapelet.) A moulding carved into beads, olives, and the like. See 
Baguette. 

Chapter House. In ecclesiastical architecture the apartment (usually attached) of a 
cathedral or collegiate church in which the beads of the church or the <^pter meet to 
transact busiiiess. 

Chaptrel. (Fr.) The same as Impost, which see. 

Charged. A tmm used to denote that one member of a piece of architecture is sustained 
by another. A frieze is said to be charged with tire ornament cut on it. 

Charnel House. A place where the bones of the dead are deposited. 

CHARToraYLACiuM. A recess or apartment for the preservation of records or valuable 
writings. 

Chase. An upright indent cut in a wall for the joining another to it, so as to hide li^t 
and exclude air. 

Chase IkfoaTisE, or Pulley Mortise. A long mortise cut lengthwise in one ai a pair of 
parallel timbers, for the insertion of one end of a transverse timber, by making the latter 
revolve round a centre at the other end, which is fixed in the other {mrallel timber. 
This may be exemplified in tailing joists where the binding joists ate the parallel timbers 
first fixe^ and the ceiling are the transverse joists. See Practical Carpentry, in the 
body of the work. 

Chkucs. Two upright, equal, and similar parts cff any piece of timber-work. Such, for 
instance, as the sides of a dormer window. 

Cheeks of a Mortise are the two sdhd parts upon the tides of the mortise. The 
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ness of each cheek ^uld not be less than the thickness of the mortise, except mouldings 
on tile stiles absolutely mquire it to be otherwise. 

Cheese Room. A room set apart for the reception of cheeses after they are made. The 
walls should be lined, and fitted up with shelves with one or more stages, according to 
the sue of the room, and proper gangways for commodious passage. In places 
where much cheese is manu&ctured, the dairy-room may be placed below, the sh^-room 
directly above, and lofts may be built over the shelf-room, with trap doors through each 
floor. This will save much carriage, and will be foimd advantageous for drying the 
cheeses. 

Chequers. In masonry, are stones In the ^ings of walls, which have all their thin joints 
continued in straight lines, without interruption or breaking joints. Walls built in this 
manner are of the very worst description ; particularly when the joints are made hori- 
zontal and vertical Those which consist of d^on^ joints, or joints inclined to the 
horizon, were used by the Romans. 

CnxsiruT or Chestnut. The fagus caatanea. A forest tree used in building. See p. 483. 

Chest. The same as caUsoUf which see. 

Chevron Work. A zigzag ornament used in the archivolts of Saxon and Norman arches 
(see 188.). Ihe outline of chevron work is a conjunction of right lines of equal 
lengths alternately disposed so as to form exterior and interior angles, and at the same 
time having all the angular points in the same straight line, or in the same curve line 
when the chevron work is used for ornamenting arches. 

Chichele. See Architects, list of, 146. 

Chimney. (Fr. Cheminee.) The place in a room where a fire is burnt, and from which the 
smoke is carried away by means of a conduit, called a flue. Chimneys are usually made 
by a projection from a wall, and recess in the same from the floor ascending within the 
limits of the projection and the recess. That part of the opening which faces the room 
is properly c^ed the Jireplacef the stone or marble under which is called the hearth. 
That on a level with and in front of it is called the aJah. The vertical sides of the opening 
are called^mAs. The head of the fore-plate resting on the jambs is called the manid^ 
and the cavity or hollow from the fireplace td the top of the room is called the /unrul 
The part of the funnel which contracts as it ascends is termed the yotAmay, by some the 
gathering of the toings. The tube or cavity, of a parallelogrammatic form, on the place 
from where the gathering ceases, up to the top of the chimney, is called the flue. The 
part between the gathering and the flue is called the ikroat. The part of the wall fitcing 
the room, and forming one side of the funnel parallel thereto, or the part of the wall 
forming the sides of the funnels where there are more than one, is the breast. In extermd 
walls, that side of the funnel opposite the breast is called the hack. When there is more 
than one chimney in the same wall, the solid parts that divide them are called toiths : 
and when several chimneys are collected into one mass, it is called a stack of chimnegs. 
The part which rises above the roof, for discharging the smoke into the air, is called a 
chimney shafts whose horizontal upper surfiice is termed the chimney^iop. 

The covings were formerly placed at right angles to the face of the wall, and the 
chimney was finished in that manner ; but Count Rumford showed that more heat is 
obtained from the fire by reflection when the covings are placed in an oblique position. 
He likewise directed that the fire itself should be kept as near to the hearth as possible, 
and that the throat of the chimney should be constructed much narrower than had been 
practised, with the view of preventing the escape of so much heated air as happened 
with wide throats. If the throat be too near the fire, the draught will be too strong, 
and the fuel will be wasted ; if it be too high up, the draught will be too languid, and 
there will be a danger of the smoke being occasionally beat back into the room. 

Chimney Piece. See Book III. Chap. I. Sect 22. 

Chinese Architecture. See Book I. Chap. II. Sect. 8. 

Chip. A piece of any material cut by an acute-angled instrument 
Chirosophus. See Architects, list of, 7. 

Chisel. ^ An instrument used in masonry, carpentry, and joinery, and also by carvers and 
statuaries, for cutting either by pressure or by impulse from the blows of a mallet or 
hammer. There are various kinds of chisels ; the principal ones used in carpentry and 
jome^ are the former^ the paring chUd, the gouge, the mortise chisel, the socket chisel, and 
tile ripping chiseL 

Chiseled Work. In masonry, the state of stones whose surfoce is formed by the chisel. 

Chit. An instrument used for cleaving laths. 

Choir. (Gr. Xopos.') The part of a church in which the choristers sing divine service. In 
former times it was raised separate from the altar, with a pulpit on each side, in which 
the epistles and gospels were recited, as is still the case in several churches on the Con- 
I* ^as separated from the nave in the time of Constantine. In nunneries, the 
choir is a large apartment, separated by a grate from the body of the church, where the 
nuns chaunt the service. 
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Cho&aaic Monbhkht. (Gr. Xopos,') In Gj^ian u'chiteeture, a monument erected in 
honour of the cboragus who gained the prize by the exhibituvi of the best musical or 
theatrical entertainment at the festivals of Bacchus. The chor^i were the heads of the 
ten tribes at Athens, who oyerlooked and arranged the games at their own erp^ise. The 
prize was usually a tripod, which the victor was bound publicly to exhibit, for which 
purpose a building or column was usually erected. The remains of two very fine 
menumoits of this sort, viz. of Lysicrates and Thrasyllus, still to be seen at 
Adiens. Seep. 69. 

Cbord. In geometry, the straight line which joins the two extremities of the arc of a 
curve ; so caDed from the resemblance which the arc and chord together have to a bow 
and its string, tiie chord representing the string. 

Chbisthrs. See Architkcts, list of, 263. 

Christdbolo. See Architxcts, list of, 154. 

Chbtses. See Architects, list of, 63. 

Chcbch. (Gr. KvptoKOE, from Kuptos, Lord.) A building dedicated to the performance of 
Christian worship. For the general principles on which churches are to be designed see 
Book IIL Chap. III. Sect. 3., also in Book I. Chap. II. Sect 14. From these latter 
it will be seen that the basilicse were the first buildings used for the assembly of the 
early Christians. Among the first of the churches was that of St Peter at Rome, 
about the year 326, nearly on the site of the present church ; and it is supplied friat the 
first church of St Sophia at Constantinople was built somewhat on its modeL That which 
was afterwards erected by Justinian seems, in its turn, to have afforded the model of 
St. Mark’s at Venice, which was the first in Italy constructed with pendentives and 
a the former afibrding the means of covering a square plan with an hemispherical 

vault The four most celebrated churches in Europe mected since the revival of the 
arts are, St Peter’s at Rome, which stands on an area of 227J)69 feet superficial ; Sta. 
Maria del Fiore at Florence, standing on 84^802 feet ; St. Paul’s, London, which stands 
on 84,02^ feet and St. Genevieve at Paris, 60,287 feet The churches on the Continent 
are usually ranged tmder seven classes : pontyical, as St. Peter’s, where the pope occasion- 
all y officiates ; patriarchal, where the government is in a patriarch ; metropolitan, where an 
archbishop is the bead ; cathedral, where a bishop presides ; cdlegiate, when attached to a 
college ; parochial, attached to a parish ; and conventual when belonging to a convent 
In country the churches are cathedral, abbey, and parochial. 

CiBoaiciL (ifr€«puiy.) An insulated erection open on each side with arches, and having a 
dome of ogee form carried or supported by four columns. It is also the coffer or case in 
which the host is deposited. 

CiccJoxE. See Architects, list ofi 158. 

CiLXKT. The drapery or foliage carved on the heads of columns. 

CjELr (Sax. Cill.) The timber or stone at the foot of a door, &c. Ground ciOs are the 
rimbers on the ground which support the posts and superstructure of a timber building. 
The name of cUl is also given tp the bottom pieces which support quarter and truss 
partitions. 

CiMBiA. A fillet string, list, or cornice. 

CiMEEiABCH. A name given to the apartment where the plate and vertmenfo are deporited 
in churches. 

CiacTURS. The ring, list, or fillet at the top and bottom of a column, which divides the 
of tl^ column from its capital and base. 

QufOUEroiXN. An prnament used in the pointed style of architecture ; it consists of five 
cuspidated divisimui or curved pendents inscribed in a pointed arch, or in a circular 
ring applied to windows and panels. The cinquefoil, when inscribed in a circle, forms 
a rosette of five equal leaves having an open space in the middle, the leaves being 
formed by the open spaces, and not by the solids or cusps. 

CioKE Di Orcagna. Sw Architects, list 144. 

Cippcs. A small low column, sometimes without a base or capital, and most frequently 
bearing an inscription. Among the ancients the cippus was used for various purposes ; 
when phu^ on a road it indicated the distance of places ; on other occasions cippi were 
employed as memorials of remarkable events, as landmarks, and for bearing sepulchral 
epitaphs. 

Circle. (Lat. Circulus.) A figure contained under one line called the circumforence, to 
which ail lines drawn from a certain point within it, called the centre, are equal. It is 
the most cajHicious of ail plain figures, 

CiRCPLAR Buildings. Such as are built upon a circular plan. When the interior also is 
cireular, the building is called a rotunda. 

Circular Work. A term applied to any work with cylindric feces. 

Circular Circular, or Cylindro-cyundric Work. A term applied to any work which 
Is formed by the intersection of two cylinders whose axes are not in the same directioa. 
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The line formed by the intersecdon of the sur&ces is termed, by mathematiciaos, a line 
double curvature, 

CzacuLAK Roofs. Tbosd whose horizontal secrions are circular. 

CiaccLAB WiNDiNo Stairs. Such as have a cylindric case or walled enclosure with the 
planes of the risers of the steps tending towards the axis of the cylinder. 

Circumference. The boundary lines of a circular body. 

Circumscribe. (Verb.) To draw a line around a figure, or ^close it so that the enclosed 
shall be touched on all its angles or on its whole circumference by the line or body that 
encloses it. 

Circumvolutions. The turns in the spiral of the Ionic capital, which are usually three, 
but there are four in the capitals of ^e temple of Minerva Folias. 

Circus. (Lat.) In ancient architecture, a straight, long, narrow building, whose length to 
its breadth was generally as 5 to 1. It was divided down the centre by an ornamented 
barrier called the spiTia, and was used by the Romans for the exhibition of public spec- 
tacles and chariot races. Several existed at Rome, whereof the most celebrated was the 
Circus Maximus. Julius Cssar improved and altered the Circus Maximus, and diat it 
might serve for the purpose of a naumachia, supplied it with water. Augustus added 
to it the celebrated obelisk now standing in the Piazza del Popolo. Of this circus no 
T^tiges remain. Besides these at Rome were the circi of Flaminius, near the Pantheon ; 
Agonalis, occupying the site of what is now called the Piazza Navona ; of Nero, on a 
portion whereof St. Peteris stands.' Those of Antoninus and Aurelian, no longer even 
in ruins ; but that of Caracalla, which was 738 feet in length, Is at the present time 
sufficiently perfect to exhibit its plan and distribution in the most satisffictory manner. 
The spectocles of the circus were called the Circensian Games, and consisted of chariot 
and horse races, of both whereof the Romans were pasAonately fond, but particularly of 
the former, which in the times of the emperors excited so great an interest, as to divide 
the whole population of the city into factions, distinguished by the colours worn by 
the different charioteers. The disputes of these Actions often led to serious distur- 
bances. « 

CissoiD. In geometry a curved line invented by Diodes. Its name is derived from kutoos, 
ivy, from the curve appearing to mount along its assymptote, as ivy climbs on the trunk 
of a tree. The curve consists of two infinite branches above and below the diameter of 
a circle, at one of whose ends a tangent being drawn, the curve approaches the tangent 
without ever meeting it. The curve was invented by its author with a view to the 
solution of the famous problem of the duplication of the cube, or the insertion of two 
mean proportionals between two given straight lines. Its mechanical construction may 
be foimd in Newton’s Arithmetica Universalis. 

Cist. (Gr. Kut't?;, a chest.) A term used to denominate the mystic baskets used in pro- 
cessions connected with the Eleusiniaa mysteries. It was originally formed of wicker 
work, and when afterwards made of metal, the form and texture were preserved in 
imitation of the original material. When sculptured on ancient monuments, it indicates 
some connection with the mysteries of Ceres and Bacchus. 

Cistern. (Gr. Kiott;.) A reservoir for water, whether sunk below or formed of planks 
of wood above ground. In the construction of an earthen cistern, a well-tempered 
stratum of clay must be laid as a foundation for a brick flooring, and the bricks kud in 
terras mortar of Parker’s cement. The sides must be built with the same materials ; 
and if in a cellar or other place near a wall a space must be filled with clay, from the 
foundation to the top of the cistern contiguous to the wall, by which means it will be 
preserved from injury. Cisterns above ground are usually formed of wooden planks 
and carried by be^i^ ; but the cbtem formed of slates, now much used, b the for 
^option. 

Civil Architecture. The art of erecting every species of edifice destined for the use of 
man, ftie several matters necessary to the knowl^ge whereof forms the subject thb 
work. 

Civic Crown. A garland of oak leaves and acorns, often used as an architectural or- 
nament. 

Clamf. In brick-making a large mass of bricks generally quadrangular on the plan, and 
six, seven, or eight feet high, arranged in the brick field for burning, which b efifreted 
by fiues prepared in stocking the clamp, and breeze or cinders laid between e^h iK^urse 
of bricks. See Book II. Chap. II. sect 9. 

Clamp. In carpentry and joinery is a piece of wood fixed to anoftiCT with a mortise and 
toion, or a groove and tongue, so that the fibres of the piece thus fixed cross those of the 
other, and thereby prevent it from casting or warping. 

Clamp Nails. See Nails. 

Clasp Nails. See Nails. 

Clathrl In ancient Roman architecture, were bars inm or wood which were used to 
secure doors or windows. 
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Cl 47. ordinary language any earth which possesses suffici^rt ductility to admit of 
' being Ibieaded with water. Common clays may be divided into thr^ classes, viz. tcwe- 
iuotUy meagre, and calceireous. Of these the is chiefly used in pottery, and the second 
and third are employed in the manufacture of bricks and tiles. 

Ci.AnM6. The operation of ^reading two or three coats of day for the purpose of keeping 
water in a vess^ This operation is also called puddling. 

A term used in some places with the signification as to stick or to glue. 

Ciibsa; The nett distance between two bodies, where no other intenrei^s, or between 
thdr nearest sur&ces. 

Clear Stort or Cleee Stort. The upper vertical dividons of the nav^ choir, and 
transepts of a church. It is clear above the roof of the aisles, whence it may have taken 
its name, but some have derived the name from the dair or light admitted through its 
tier of windows. Nearly all the cathedrals and large churches have dear stories, or tiers 
of arcades, and also of windows over the aisles and triforia. There is no triforium in 
the priory church of Bath, but a series of large and lofty windows constitute the clear 
stoiy. The choir at Bristol Cathedral has imither triforium nor clear story. 

Cleats. Small wooden projections in tackle to festen the ropes to. 

Cleaving. The act of forcibly separating one part of a piece of wood or oiher matter from 
another in the direction of the fibres, either by pressure or by percussion with some 
wedge>formed instrument. 

Clefts. Hie open cracks or fissures which appear in wood which has been wrought too 
gieen. The carpenter usually fills up these cracks with a mixture of gum and sawdust, 
but the neatest way is to soak both sides well with the iat of beef broth, and then dip 
pieces of sponge into the broth and fill up the cracks with them ; they swell out so as to 
fill the whole crack, and so neariy as to be sc^cely distinguishable. 

Clsohenes. See ARcurrecTs, list 21. 

Cleopatra’s Needles. A name given to two obelisks on the east of the palace at Alex- 
andria. They are of Thebaic stone and covered with hierc^lyphics. One has been 
thrown down, broken, and lies buried in the sand. The other stands on a pedestal. 
They were each of a single stone, about sixty feet high and seven feet square. 

Clepstora. (Gr. from KKeime, to conceal, and ‘T&wp, water). A water clock, or vessel for 
measuring time by the running out of a certain quantity of water, or sometimes of sand, 
through an ori6ce of a determinate magnitude. Clepsydras were first used in Egypt 
under the Ptolemies ; they seem to have b^n common in Home, though they were clu^y 
employed in winter. In the summer season sundials were used. 

CuNCBiNG. . The act of binding and driving backward with a hammer the pointed end of 
a nail after its penetration through a piece of wood. 

Clinkers. Bricks impregnated with nitre and more thoroughly burnt by being nearer the 
fire in the kiln. See p. 504. 

Cloacae. The name given to the common sewers of ancient Rome for carrying off into 
the 'Hber the filth of the city. The chief of these, called the Cloaca Maxima, was built 
by the first Tarquin of huge blocks of stone joined together without cement. It consisted 
of three rows of arches one above another, which at length conjoin and unite togeth^. 
It b^an in the Forum Romanum, was 800 paces long, and entered the Tiber between 
the temple of Vesta and the Pons Senatorius. There were as many principal sewers as 
there were hills in the city. 

Cloak-itns and Rail. A piece of wood attached to a wall, furnished with proj^rting 
p^ on which to hang bats, great-coats, Ac. The pegs are called doakjnns, and the 
board into which they are fixed, and which is frsteoed to the wall, is called the rail, 

CLOisna. (Xat. Clau^rum. ) The square space attached to a regular monastery or large 
chur^ with a pwstyle or ambulatory round, usually with a covered range of building 
over. Hie cloister is perhaps, «x m termini, the central square shut in or closed by the 
surromuding buildings. Cloisters are usually square on the plan, having a plain w^l on 
one side, a series of windows between the piers or columns on the opposite side, and 
ardied over with a vaulted or ribbed ceiling. It mostly forms part of Uie passage of 
eommunicatioii from the church to the chapter bouse, refectory, and other parts of the 
In England all the cathedrals, and most of the collegiate churches and 
abbeys, were provided with cloisters. On the Continent they are commonly appended 
to laige and are often decorated with tombs and paintings in fresim. 

A common appencUge to a cloister was a lava^g, or stone trough for water, at which 
the monks wash^ their hands previous to entering the refe^ory. 

Closer, The last stone in the horizontal length of a wall, which is of less dimensions than 
the rest to close the row. Closers in brickwork, or pieces of bricks (or bats), less or 
greater half a brick, that are used to close in the end of a course of brickwork. In 
English as well sa Flemish bond, the length of a brick Iwing but nine inches, and its 
wiro fimr inches and'a hal^ in order that the vertical joints may be broken at the end 
oi the first stretcher, a quarter brick (or bat) must be interposed to preserve the con- 
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tiniiity of the bond, this is called a guem^elosen A similar preservation of the bond may 
be obtained ix^mting a three^uarter bat at the angle in the stretching course ; tiiis 
is called a ib'np-cfoaer. In both cases an horizontal lap of two inches and a quarter is left 
for the next header. See Book II, Chap. III. Sect. 2. 

Close String. In dog-l^ged stmrs, a staircase without an open neweL 

Close or Cloos. See Architects, list of, 15S. 

Closet. A small apartment frequently made to communicate with a bed-chamb^:t and 
used as a dressing room. Sometimes a closet is made for the reception of stores, is 
then called a store closet, 

Clocgh or Clotse. The same as paddle, shuttle, sluice, or penstock, A contrivance for 
retaining or letting out the water of a cmial, pond, &c. 

Clough Arches or Padple-holes. Crooked arches by which the water is conveyed 
frx>m the upper pond into the chamber of the lock of a canal on drawing up the clougK 

Clout Nails. S^ Nails. 

Clustered. The combination of several members of an order penetrating each oUier. 

Clustered Columns. Several slender pillars or columns attached to each other so as to 
form one. In Roman architecture the term is used to denote two or four columns 
which appear to intersect each other, at the angle of a building or apartment, to answer 
to each return. 

Coarse Stuff. In plastering, a mixture of lime and hair used in the first coat and float- 
ing of plastering. In floating more hair is used than in the first coat. 

Coat. A thickness or covering of plaster or other work done at one time. 

CoBARRUBiAs. See Architects, list of, 210. 

CoB-wALLs. Such as are formed of mud mixed with straw, not imcommon in some dis- 
tricts of England, but the best are to be found in Somersetshire. 

CoccEius. See Architects, list of, 38. 

CocEXNo or Cogging. See Caulking. 

Cockle Stairs. A term sometimes used to denote a winding staircase. 

CcENACULUM. (Lat ) In ancient Roman architecture, an eating or supper room. In the 
early period of their history, when the houses rarely consisted of more than two stories, 
it denoted generally the upper story. The word also signified lodgings to let out for 
hire, and also the upper stories of the circi, which were divided into small shops or 
rooms. 

CcENATio. An apartment in the lower part of the Roman houses, or in a garden, to sup 
or eat in. From Suetonius it would appear that it denoted a banqueting and sum- 
mer house. In the Laurentlne Villa a large coenatio is described by the younger 
Pliny, and it seems, firom the description, that it was placed in the upper part of a lofty 
tower. 

Coffer. (Sax. Cojrpe.) A sunk panel in vaults and domes, and also in the soffite or 
under ride of the Corinthian and Composite cornices, and usually decorated in the centre 
with a flower. But the application of the term is general to any sunk panel in a ceiling 
or soffite. 

Coffer Dam. A case of piling, water-tight, fixed in the bed of a river, for the purpose 
of excluding the water while any work, such as a wharf, wall, or the pier of a brid^ is 
carried up. A cofler dam is variously formed, either by a single enclosure or by a double 
one, with clay, chalk, bricks, or other materials between, so as effectually to exclude the 
water. Tlie <»)ffer dam is also made with pil^ only driven close together, and some- 
times notched or dove-tailed into one another. If the water be not very deep, piles may 
be driven at a distance of five or six feet from each other, and grooved in the sides with 
boards let down between them in the grooves. For building in cofi^r dams, a good 
natural bottom of gravel or clay is requisite, for though the sides be made sufficiently 
water-tight, if the bed of the river be loose, the water will ooze up through it in too 
great quantities to permit the operations to be carried on. It is almost unnecessary to 
inculcate the necessity of the sides being very strong anH well-braced on the Inside to 
resist the pressure of the water. 

Cogging. See Caulking. 

Coin. (Fr.) Hie same as quoin. The angle formed by two surfoces of a stoi^ or brick 
bui ldin g, whether external or internal, as the corner formed by two walls, or of an arch 
and wall, the rorner made by the two adjacent sides of a room, &c. 

Cole. See Architects^ list 175 . 

Coliseum. ITie name given to the amphitheatre built (a. d. 72) by Vespasian. See body 
of the work, p. 94. 

Collar or Colariko. (It) A ring or cincture ; it is another name for the astragal of 
a column. It is sometimes called the neck, gorgerin, or hypotracbelium. 

Collar Beam. A beam used in the construcrion of a roof above the lower ends of the 
rafters or base^ cf the roof. The rie beam is always in a state of extension, but the collar 
bram may be either in a state of compression or extension as the principal rafters are 
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. tfkkout Re beams. In trussed ruo&, collar beams are 6amed into queen posts; 

, fa comnum roa&, into the rafters themselves. 

In gmeral, trusses have no more than one collar beam ; yet, fa very large rooft, they 
may have two or three collar beams besides the tie beam. The collar beam supports or 
tnisses up the sides of the rafters, so as to keep them ftmn sagging without any other 
support, but then the tie beam would be supported only at its extremities. In com- 
, mon purlin roofing, the purlins are laid in the acute angles between the rafters and the 
'i iqqier edges oftfae collar beams. See p. 546. 

College. An establishment properly so termed for the educatimr of youth in the hi^er 
. branches of study. See Book III. Chap. IIL Sect. 8. 

CoLONELLi. (It.) The Italian name for the posts employed fa any truss framing. 
CoLONNSBE. (It. Ccdonnata. ) A range of columns. If the columns are four in number, it 
is called tetmstyk; if six in number, hexastyle; when there are eight, oetash/k; when 
ten, deeastyU ; and so on, according to the Greek numerals. When a colonnade is in 
front of a building it is called a portico, when surrounding a building a peristyle, and 
when double or more polystyle. The colonnade is nmreover designated according to the 
nature of the intercolumniations introduced as follows ; pycnostt^, when the space be- 
tween the columns is one diameter and a half of the colunm ; systyk, when it is of two 
diameters ; eustyk, when of two diameters and a quarter ; diastyle, when three, and 
' aneostyk when four. 

CoLuuaaaiuM. (Lat) A jugeon-house. The plural of the word (cdhtmharia) was ap- 
plied to designate the apertures formed fa walls for the reception of cinerary urns in the 
ancient Roman cemeteries. 

Geaui[Ki.LA A name sometimes used for balusters. 

CoLUMK. (Lat. Columna.) Generally any body which supports another fa a vertical 
direction. For an account of the coluums used in the five orders, see Book III. 
Chap. I. Sects. 2, 3, 4, 5, 6, and 7. There are various species of columns, as twisted, 
spired, and rustieeUed, Cabled or rudented columns are such as have their flutings filled 
with cables or astragals to about one third of the height Canditic columns have their 
shafts foUated. Columns were occasionally used as monuments, as the Trajan and 
Antonine columns at Rome, and the Monument in London. By the side of the Halle 
au Ble at Paris there is a gnomonie column for showing the time, erected by Catharine di 
Medicis. The Columna Bellica at Rome was near the temple of Janus, and at it the consul 
prodaimed war by throw^ a javelin towards the enemies’ country. The chronological 
column was rather historic^ bearing an inscription to record an event. The cruciferal 
column is one bearing a cross ; the fanereed one, an um ; the zoophoric, an animal ; and 
• the itinerary one pointed out the various roads diverging from its site. There was 
among the Romans what was called a lacteal column, which stood in the vegetable 
market, and contained on its pedestal a receptacle for infonts abandoned by their parents. 
(Juvenal, Sat. vi. ) On the legal column were engraved the laws ; the bovendary or 
, Umitettice column marked the boundary of a province ; the manubied column was for the 
reception of trophies or spoils ; and the rostral colunm, decorated with prows of ships, was 
fijr foe purpose of recording a naval engagement. The triumphal column was erected 
fa commemoration of a triumph, and the sepulchred one was erected on a tomb. 'The 
ndBiarium aurtum, or mdliary column of the Romans, was originally a colunm of white 
marble, erected by Augustus in the Forum, near the temple of Saturn. From it the dis- 
tances firom the city were measured. It is a short colunm with a Tuscan capital, having 
a baR of Inronze (formerly gilt for its finish) at top, and is still preserved in the Capitol. 
CoMamanoir or ibx Parts or Buildings. See Bo<A IIL Chap. IIL Sect. 1., and 
Book HI. C3iap. 11. Sects. 4. and 6. 

ComnDM. (Lat.) A building which stood in the Roman Forum, wherein assemblies of 
foe peojde were held. It occupied the whole spaex between the Palatine Hill, tbe 
■ Capfad, and the Via Sacra. 

CoMstissoai. (Lat.) The joint between two stones, or the application of the sur&ce of 
one stone to the sur&ce of another. 

Common Centring. Such as is constructed without trusses, but having a tie beam at 
its ends. Also that employed in straight vaults. 

Common Joists. Those in single naked fioormg to which foe boards are fixed. They are 
^so called boarding joists, and should not exceed one foot apart. 

Common Raetees. Those in a roof to which foe boarding or lathing is attached. 

CoiMON RoortNG. That which consists of common rafters only, which bridge over the 
purlins in a strongly fimned roof. 

CoMMDNKAnoH Dmes. Those which, when open, throw two apartments into one. 
CoMPARTEn. (Fr. Compartir, to divide.) That which is divided into several parts is said 
to be comparted. 

CoMTAaamoN. The distaributitm qf the ground plot of an edifice into foe various passages 
amt apartmmits. 
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CoMPAKTMXKT. A mbdivisi<nial part, for ornament, of a lai^r division* To this alone is 
the term ^ropeHj s^iplicable. 

CoupARTMEMT Ceiling. One divided into panels, which are usually surrounded by 
mouldings. 

CoMpABTMEHT Tii 2 s. An arrangement of varnished red and white ^es cm a roo£ 

Compass Saw. One for dividing boards into curved pieces ; it is very nmrrow and with* 
out a back. 

Compasses. (Fr. Compas.) A madiematical instrument for drawing cindes hnd measuring 
distances between two pointe. Common compasses have two legs, moveable cm a Joint. 
Triangvlar compasses have two legs similar to common eompscses, and a third 1^ fixed 
to the bulb by a projection, with a joint so as to be moveable in every direction. Beam 
compasses, which see, are used for describing large cirries. Proportional compasses 
have two pair of points moveable on a shifting centre which slides in a groove, and 
thereby regulates the proportion that the opening at one end bears to that the cither. 
They are useful in enlarging or diminishing drawings. 

Complement. Tbe numt^ of degrees which any angle wants of a right angle. The 
complement of a parallelogram is two lesser parallelograms, made by drawing two right 
lines parallel to the sides of the greater through a given point in the diagonal. 

CoMPLirviirM. (Xiat.) An area in the centre of the ancient Roman houses, so constructed 
that it might receive the waters firom the roo&. It is also used to denote the gutter or 
eave of a rcraf. 

CoMPO. A name often given to Parker’s cement. 

Composite Arch. The same as the pointed or lancet arch. 

Composite Numbers. Such as can be divided by some other number greater than unity ; 
whereas prime numbers admit of no such divisor. 

CoMPc^iTE Order. See Book III. Chap. I. Sect. 7., and Book I. Chap. II. Sect. 13. 

Composition, akcuiteotural. For general principles, see Book III. Cb^. II. Sect. I. 

Composition of Forces. The combination or union of several forces for ^termining the 
result of the whole. See p. 381. 

Compound Interest. See p. 280. 836. 

CoMpREssiBiLirr. The quality of bodies which permits of their being reduced to smaller 
dimensions. All bodies, in consequence of the porosity of matter, are compressible, but 
liquids resist compression with immense force. 

CoNCAMERATA SuDATio. An apartment in the ancient gymnasium, between the laconieum 
or stove, and the warm bath. To this room the racers and wrestlers retired to wipe off 
the sweat from their bodies. 

CoNCAMERATE. ( Lat. ) ' To arch over. 

CoNCAvnr. (Lat. Concavus, hollow.) Of a curve line is the side between the two paints 
of the curve next its chord or diameter. The concavity of a solid is suidi a curved 
surfoce, that if any two points in it be taken, the straight line between them is in a void 
space, or will coincide in only one direction wiBi the surfoce. 

Concentric. (Lat. ) Having a common centre, as are the radii of a circle. 

Conchoid of Nicomedes. A name given to a curve invented by that 

solving the two fomous problems of antiquity — the duplication of the cube, and the 
trisection of an angle. It continually approaches a straight line without meeting it, 
though ever so for produced. 

Concrete. (Lat. Concr^cere.) To coalesce in one mass. A (imposed of stone 
cbippings or ballast, cemented together through the medium of sand and limp ^ 
usually employed in making foundations where the soil is of itself too light or b^gy, 
or otherwise insufficient for the reception of the whlls. See Book II. Cb^. XL 
Seet.ll. 

Conduit. (Fr.) A long narrow walled parage underground, for secret communication 
between different apartments. It is a term also used to denote a canal or pipe for the 
conveyance of water, and is also applied to the structure to whidi it is conveyed for de- 
livery to the public. 

Cone. (Gr. Kmfos.) A solid body, having a circle for its base, and terminating in a 
point called its vertex ; so that a straight line drawn from any point in the circumference 
of the base to the vertex will coincide with the convex surfitce. If the axis or stnug^ 
line drawn from the centre of the base to the vertex be perpendicular to the base, it is 
termed a right cone ; if not, it is an oblique cone. 

Confessional. (Lat.) In Catholic churches the small c^ wherein the priest sits to 
bear the confession of, and give absolution to, the penitent. It is usually constructed of 
wood and in three divisions, the central one whereof has a seat for the convenience of 
the priest 

Configuration. The exterior form or superficies of any body. 

Conge'. (Fr.) The same as Apophvoe, which s^. 

Conic Sections. The figures formed by the intersecdons of a plane with a cone. They 
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are fire in number : a triangle, a circle, an ellipse, a parabola, and an hyperbola ; the 
^ree las^ faowev^, are those to which the term is usually applied. 8^ Book II. 
Chap. I. Sect. 5. 

CoNicAi, Roof. One whose exterior surface is shaped like a cone. 

CoKisTEUOM. (Gr. Koyurnjpiotf,) In ancient architecture, a room in the gymnasium and 
palmtra, wherein the wrestlers, haTing been anointed with oil, were sprinkled over with 
dust, that they might lay firmer hold on one another. 

Coaruojkrs Diameters. The diameters in an ellipsis or hyperbola parallel to tangents 
at each otber*s extremities- 

CoKoiD. (Gr. KoyoeiSrjs.) Partaking of the figure of a cone. A figure generated by the 
revolution of a conic section round one of its axes. There are three kinds of conoids, 
the eUiptieal, the hyperbolical^ and the parabolical^ which are sometimes otherwise deno- 
minated by the terms ellipsoid or spheroid^ kyperboloidy and paraboloid. 

CoNSERVATORT. A buildiDg for preserving curious and rare exotic plants. It is made 
with beds of the finest composts, into which the trees and plants on being removed fiom 
the greenhouse, and taken from the tubs and pots, are regularly planted. 

With respect to its construction, it is very similar to the greenhouse, but it must be 
more spacious, loftier, and finished in a superior style. The sides, ends, and roofs should 
be of glass, for the free admission of light, and for protection of the plants. It should 
b^ moreover, seated on a dry spot, so as to receive during the day as much of the 
sun*s heat as po^ble. It is to be provided with flues or boiling water pipes, to raise 
the temperature when necessary ; there must also be contrivances for introducing fresh air 
when required. In summer time the glass roofs are taken off and the plants exposed to 
the open mr ; but these are restored always, if taken ofiT, on the slightest indication of 
frost The chief point in which conservatories differ from greenhouses is, that in the 
latter, the plants and trees stand in pots placed upon stages, whereas, in the former, they 
are planted in beds of earth surrounded with borders. See Greenhouse. 

Console. The same as Ancones, which see. 

CoKSTRuenoK. Literally, the building up from the architect's designs ; but amongst 
architects it is more particularly used to denote the art of distributing the different 
forces and strains of the parts and materials of a building in so scientific a znanDer as to 
avoid failure and Insure durability. The second book of this work is devoted to the 
subjects involved in the science of construction. 

CoNSTRUCTivs CARpENTRr, Of PRACTICAL Carpentrt. See Book 11. Chap. III. Sect. 4. 

Contact. (Lat. Contactus.) In geometry the touching any figure by a line or plane 
which may be produced either way without cutting it. 

Content. (Lat. Contentus.) The area or superfici^ quantity contained in any figure. 

Contexture, (lat Contextus.) The inter-disposition, with respect to each other, of the 
different parts of a body. 

CoNTiGNATio. In Roman carpentry the same as that which we term naked flooring. 

Continued. A term used to express anything uninterrupted. Thus, an attic is said to be 
continued when not broken by pilasters ; a pedestal is continued when, with its mould- 
ings and dado or die, it is not broken under the columns ; so of a socle, &c. 

Contour. (It. Contomo.) The external lines which bound and terminate a figure. 

Contract. An agreement attached to a specification for the performance of certain works. 

CoNTuccio. See Architects, list of, 190. 

CoKVEiTT. (Lat. Conventus.) A building for the reception of a society of religious 
persems. 

Conventual Church. One attached or belonging to a convent 

Convergent Lines. Such as, if produced, will meet 

Convex. (Lat Convexus. ) A form which swells or rounds itself externally. A convex 
rectilinear sur&ce is a curved surfoce, in which appoint being taken, a right line passing 
through it can only be drawn in one direction. 

Coping. (Dutch, Cop, the head. ) The highest and covering course of masonry or brickwork 
in a wall Coping equally thick throughout b coMed parallel coping^ and ought to be used 
only on inclin^ surfkces, as on a gable, for example, or in situations sheltered frnm the 
rain, as on die top of a level wall, which it is intended to cover by a roof Coping 
thimior oa one e^e than on the other serves to throw off the water on one side of the 
wall, and is called feoAer^-edged coping. Copmg thicker in the middle than at the edges 
is called saddUe-haeked coping. 'Diis, of course, delivers each way the water that foils 
upon it. It is cmmnonly used on the walls of a sunk area, on dwarf walls carrying an 
iron ruling, and in the best constructed fence walls. In Gothic architecture, coping is 
either i nc li ne d upon the foces or plumb ; in the former case the sides of the vertical 
section are those of an equilateral triangle with an horizontal base. It is sometimes in 
(me iiM^lined plane, terminated at top by an astragal, and at others in two inclined planes 
parallel to each other, whereof the upper is terminated at top by an astragal, and projects 
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before the lower, which, like that on one inclined plane, changes its direction at the 
bottom into a narrow vertical plane projecting before the level sofite before the parapet. 
The inclined coping is occasionally used without the astragah The sofite of a projection 
is said to cope over when it slants downwards firom the walL 

Copper. (Cuprum, a corruption of Cyprium, having been originally brought from the 
' island of Cyprus. ) One of the metals used in building, but not now to the extent to 
which it was employed a few years back. See Book IJ. Chap. II. Sect. 7. 

CoBBEiL. ( Lat. Corbis, a basket. ) A carved basket, with sculptured flowers and fruit, 
used as the finishing of some ornament. The name is given to the basket placed on the 
heads of caryatides, under the sofite of the architrave comice. The term is also applied 
to the bell of the Corinthian capital. 

CoRBEis, in castellated and Gothic architecture, are a range of stones projecting from a 
wall for the purpose of supporting a parapet or the superior projecting part of the wall. 
Two of their sides are vertical planes perpendicular to the foce of the wall ; the fronts 
are variously moulded. They perform the same ofiice as the modillions of an order, 
but the term is confined to the pointed style. 

The word corbel is sometimes used to denote a niche or hollow in a wall for the re- 
ception of a statue or bust. There is also another sense in which it is used, namely, to 
signify a horizontal range of stones or timber fixed in a wall or in the side of a vault, 
serving to sustain the timbers of a floor or of a vault In old buildings many of the 
timber floors or contignations were thus supported. 

Corbel Stefs are certain steps in the gables of old buildings. 

Corbel Table. A series of semicircular intersecting arches for carrying a battlement, 
parapet, or comice, and resting on corbels. Also any projection borne by corbels. 

CoRDOK. The edge of a stone on the outside of a building. 

Core. The interior part of anything. In walls of masonry there should be thorough stones 
at regular intervals, for strengthening the core, which is commonly composed of rubble 
stones, or, when they are not procurable, two bond stones lapped upon each other may 
be used, one from each free of the walk Instead of each thorough stone we may lay two 
stones level on the upper bed, and one large st<me in the core lapped upon both, observing 
that the tads of the two lower stones be right-angled; by this means the two sides of the 
wall will be completely tied together. 

The core of a column is a strong post of some material inserted in its central cavity 
when of wood. 

Corinthian Order. See Book III. Chap. I. Sect. 7., and Book I. Chap. II. Sect. 1. 

Cornice. (Fr. Comiche.) Any moulded projection which crowns or finishes the part to 
which it is affixed, llius, we speak of the cornice of an order, of a pedestal, of a pier, 
door, window, house, &c. The comice of an order is a secondary member of the order 
itself being the upper subdivision of the entablature. 

Corona. (Lat.) A member of the cornice, with a broad vertical face, and usually (^con- 
siderable projection. The solid, out of which it is formed, is commonly recessed up- 
wards from its sofite, and this part by the Englbb workmen is called the drip, because it 
facilitates the fall of the rain from its edge, by which the parts below it are sheltered.' 
The situation of the corona is between the cymatium above, and the bed-moulding below. 
See Book 111. Chap. I, Sect. 18. 

Corps. A French term, which signifies the projecting part of a wall, and intended to form 
the ground for some decoration. 

Corridor. (It. Corridore.) A gallery or passage round a quadrangle leading to the 
various apartments. Also, any gallery of communication to them. 

CoRSA. (Lat.) In ancient architecture, the name given by Vitruvius to any plat band or 
squue foscia whose height is greater than its projection. 

CoRTiLE.^ (It.) A small court or area, quadrangular or curved, in a dwelling-house, 
which is surrounded by the buildings of the house itselfi 

CossuTius. See Archixectts, list of, 29, 

Cottage. (Sax, Coc.) A small house or dwelling for a poor person. See Book III. 
Chap. III. Sect 24. 

CoTTE. See Architects, list of, 272, 

CoucY. See Architects, list ofj 127. 

Counter Draik. A drain parallel to a canal or embanked water-course, for collecting the 
soakage water by the side of the canal or embankment to a culvert or arched drain under 
the canal, by which it is (Conveyed to a lower level. 

Counterfort. (Fr.) A buttress or pier built against and at right angles to a wall to 
strengthen it 

Counter Gauge. In carpentry, the measure of the joints by tranrferring, as, for inst^ce, 
the breadth of a mortise to the plan oa the other timber, where the tenon is to be madg 
to adapt them to each other. 
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Coojmft One placed between every couple of gaugedones. 

ComfTKaPAaes of a bf^ding are the similar and equal parts of the deagn on each ade of 
the middle of the edifice. 

CoiTKTBK Sink. The sinking a cayity la a piece of tiiiiber or other material to receive a 
projection o& the piece which is c<Minected with it, as fivr the reception a plate of iron 
or the head of a screw or bolt. 

CoDPLzn Columns. Those mranged in pairs half a diameter apmt. See 267. 2605 — 2606. 

CcKrrLEs. A term used in the north to signify raRers framed together in pairs with a tie 
fixed above their feet. The maim couples answer to the trusses. 

CouasE. (Lat. Cursus.) A continued levd range of stones or bricks of the same height 
throughout the &ce or feces of a building. Coursed masonry is that therefore wherein 
the stones are laid in courses. The course of the face of an arch is the fece of the arch 
stones wh(^ joiuls mdi^e to the centre. The course of a pUnth is its continuity in the 
fece of the wall. A bond course is that whose stones are inserted into the wall ferther than 
either of the adjacent courses, for the purpose of binding the wall together. A coursing 
joint is the joint between two courses. 

Course, Heading, in brickwork, is that in which the bricks are laid with their short sides 
towards the fiice. 

Course, Stretching, is that in which the bricks are all laid lengthwise. 

Court. (Fr. Couar.) An uncovered area before or behind the house or in the centre it, 

in which latter case it is ofren surrounded by buildings on its four sides. 

Courts of Law. See Book IIL Chap. III. Sect. 6. 

CoussiNET. (Fr. Cusbi<m.) A stone placed upon the impost of a pier for receiving the 
first stoitt of an arch. Its bed is level below, and its surfece above is inclined for receiv- 
ing the next voussoir of the arch. 

The word Is also used for the part of the Ionic capital between the al^us and quarter 
round, which serves to form the volute, and it is in the capital thus called because its 
appearance is that of a cushion or pillar seemingly collapsed by the weight over it, and 
is bound with a strap or girdle called the baltheus. 

Cove. Any kind of concave moulding or vault ; but the term, m its usual acceptation, is 
the quadrantal profile between the ceiling of a room and its cornice. 

Cove Bracketing. The wooden skeleton for the lathing of any cove ; but the term is 
usually applied to that of tibe quadrantal cove, which is placed between the flat ceiling 
and the w^ 

Cover. That part of a slate which is hidden or covered. 

Cover Wat. In roofing, the recess or internal angle left in a piece of masonry or brick- 
work to receive the roofing. 

Coving, in old buildings, the projection of the upper stories of houses over the lower ones. 

Coving or a Fire-place. See Chimney. 

Cow-house. A buildup for the protection of cows from the inclemencies of the season. 

Cozz<^ Pietro bl See Architects, list 98. 

Crab. A species of crane much used by masons for raising large stones ; it is a wheel 
and axle mounted on a of sloping l^s, three or four feet apart, the legs being inserted 
into a frame at the base, whereon, opposite to the weight to be raised, a load may be placed* 
for gaining so great an amount of leverage as to overcome the weight to be raised. The 
rope ica the tackle works round the axl^ which is turned by pinion whe^ to gain 
power. 

Cradle. A name sometimes given to a centering of ribs and lattice for turning culverts. 

Cradle Vault. A term used, but improperly, to denote s cylindric vault. 

Cradling. The timber ribs and pieces for sustaining the lathing and plastering of vaulted 
clings. Tbe ssune term is applied to the woodeu bracketing for carrying the entabla- 
ture of a shc^ front. 

Cramp. An iron instrument about four feet long, having a screw at one end, and a move- 
able shoulder at the other, employed by carpenters and joiners for forcing mortise and 
tenon work together. 

Crampern or Cramp Iron, usually called for shortness cramp^ a piece of metal, bent at 
both extremities towards the same side, for fiastening stones together. When stones are 
to be connected with a greater strength than that of mortar, a chmn or bar of iron with 
difier^t connecting knobs is inserted in a cavity, cut on the upper tide of a course of 
stmies across the joints, ii^ead of single cramps a^oss the joints of &ich two stones. 
Cramps are commonly employed in works requiring great solidity; but in common 
works they are applied chiefly to the stones of copings and cornices, and g^eraily in any 
external work upon the upper surfece or between the beds of the stone. All external 
work, liable to the injuries which weather inflicts, should be cramped. The most secure 
mode of fixing cramps is to let them into the stone their whole thickness, and to run 
them with lead ; but in stight works it is sufiScient to bed thmn in plaster, as is practised 
in cbimn^-pieceR In modem buildings iron is chiefly used. The practice is bad. 
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from the liability of it^ to rust aud exfc^te : beuca cast-irou is better than ^oit^t, 
ami slu>u]d be of somewhat larger size than when wrought iron is employed. The 
Romans wisely used cramps of bronze, a material &r better than either cast or wrought 
-iron. 

Crampooi^s. Hooked pieces of iron, something like double calipers, for raising timber or 
stones. 

Cran£. (Sax. Cpan.) A machine for raising heavy weights, and depositing Uiem at some 
from their original place. The crane may be constructed of immense power, 
and is generally worked by human strength. 

Crane-house. A building erected fmr the shelter of a crane. By the Buil^sg Act it is 
most absurdly reqiiired to be of brick. 

CRAFAuniNE Doors. Those which turn on pivots at top and bottom. 

Creasing or Tile Creasing. Two rows of plain tiles placed horizontally imder the 
c<^iDg of a wall, and projecting about an inch and a half on each side to throw off the 
rain water. 

Crenelle. In Gothic architecture, the opening in an embattled parapet. 

Crescent. A building, or rather a series of buildings, which on the plan is di^osed in 
the arc of a circle. 

Crest Tile. That on the ridge of a house. In Gothic architecture, crest til^ are those 
which, decorated with leaves, run up the sides of a gable or ornamented csuopy. : 

Crib. The rack of a stable ; sometimes applied to the manger. It is used also to express 
any small habitation ; and moreover the stall or cabin of an ox. 

Crocket. (Fr. Croc, a hook.) One of the sn^U ornaments usually placed on the angles? 
of pinnacles, pediments, canopies, &c., in Gothic architecture, and most commonly d^ 
posed at equal distances from each other. The crocket seems to have had for type the 
buds and boughs of trees in the spring season, from the great resemblance it l^rs to 
those periodical productions : examples, moreover, of the same ornament have great re- 
semblance to the first stage of the leaves when the buds begin to open ; sometimes, how- 
ever, animals are substituted in the place of leaves. 

Cromlechs. A mass of large fiat stones laid across others in an upright position. Ex- 
amples of cromlechs are found in Wales, Devonshire, Cornwall^ mid many exposed > 
districts of England. For a further account of the cromlech, the reader may turn to 
Book 1. Chap. II. Sect 1. 

Crosettbs. (Fr.) The same as ancones, which see. In architectural construction the 
term is applied to the small projecting pieces aa u? arch stones, which hang 

upon the adjacent stones. 

Cross. (I^at. Crux.) A figure consisting of four branches at right angles to each other, 
or a geometrical one, consisting of five rectangles, each side of one rectangle being com- 
mon with one side of each of the other four. It is a figure more particularly used for 
the plans of churches than for those of other edifices. In ecclesiastical architecture, 
there are two kinds of plans having the form of a cross. The first is that wherein all 
the five rectangles are equal, or wherein each of the four wings is equal to the middle, 
part formed by the intersection : this form is called a Greek cross. TTie second has only 
the two opposite wings equal, the other two are unequal, and the three rectangles in the 
direction of the unequal parts are of greater length than the three parts in the direc- 
tion of ^e equal parts : this is the Latin cross. The middle part in each direction is 
common. 

Cross, in Gothic architecture, an erection of various kinds, which may be classed as fol- 
lows : — those used for marking boundaries, those which were memorials of remarkable 
events, monumental or sepulchral, as that at Waltham, and others of that nature ; for 
preaching, as the ancient St. Paul’s Cross ; and market crosses, as at Winchester, Lei^- 
ton Buzzard, &c. 

C&oss-BAKDED. A term applied to handrailing, which is said to be cross-banded, when a 
veneer Is laid upon its upper side, with the grain of the wood crossing that of the rml, and 
the extension of the veneer in the direction of its fibres is less thmi the breadth of the 
rail. 

Cross Beam. A large beam going from wall to wall, or a girder that holds the rides of 
the house together. 

Cross Garnets. Hinges having a long strap fixed close to the aperture, and also a cross 
part on the other side of the Imuckie, which is frstened to the joint. 

Cross-grained Stuff. Wood which has its fibres in a contrary direction to the surfrce, 
and whirii consequently cannot be perfectly smoothed by the operation of the plane, 
without turning either the plane or the stuff. This defect arises from a twisted disposi- 
tion of fibres while in the act of growing. 

Cr(m {Lingers. Ihe ribs in the pointed style that spring from the diagonals of the 
pillars or piers. 

Cross Vaulting. That formed by the intersection of two or more simple vaults. When 
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rach of the simple vaults rises from the mme level to equal heights, the cross vaulting is 
denomiirated a groin ; but when one of the simple vaults is below the other, the inter 
section is called an arch of that particular species which expresses both the simple 
arches. _ For example, if one cylinder pierce another of greater altitude, the arch so 
formed is termed a eglindro-cylindnc arch f and if a portion of a cylinder pierce a sphere 
of greater altitude than the cylinder, the arch is called a sphero^lindric arch, and thus 
for any species of arch whatever, the part of the qualifying word which ends in o denotes 
the ample vault havmg the greater altitude, and the succeeding word the other of less 
altitude. 

Caow. A Im of iron iBcd in bricklaying, masonry, and quarrying, and serving usually as 
a lever in its employment. 

Cbown. (lAt. Coron^) The uppermost member of any part. Thus, the upper member 
of a cmmice, including the corona and the members above it, is so called. 

Caowx OF A]v Arcs. The most elevated line or point that can be assumed in its surlace. 
Crown or Joggle Post, is the same as hing port, being the truss post that sustains the tie 
beam and rafters of a roof. 

Crown Glass. The finest sort of window glass. See Book II. Chap. II. Sect. 11. 
Crowning. Ihe part that terminates upwards any piece of architecture, as a cornice, 
pediment, &c. 

Crvft. (Gr. K^itnmi, I hide.) The imder or hidden part of a building. It is used also 
to signify that part of the ancient churches and abbeys appropriated below to the monu- 
ments of deceased persons. 

Crtfto-Porticos. In ancient architecture a concealed portico, also one that for coolness 
is enclosed on every side. Some of them were sunk some way into the ground. It also 
is a term applied to subterranean or dark passages and galleries in the Roman villas, 
often used as cool sitting rooms. 

Cube. (Gr. Kv£at, a die.) A solid bounded by six square sides. It is also, from its six 
sides, called hexahedron. 

CcRicDLDM. (Lat.) A chamber. A distinction is made by Pliny between the ciAteafunt 
and the dermitorinm. The name was also applied to the royal pavilion or tent which was 
built in the circus or amphitheatre for the reception of the emperors. 

Cubit. A linear measure, in ancient architecture, equal to the length of the arm from the 
elbow to the extremity of the middle finger, usually considered about eighteen English 
inches. The geometrical cubit of Vitruvius was equal to six ordinary cubits. , 

CuL nx Four. (Fr ) A low vault spherically formed on a circular or oval plan. An 
oven-riisped vault. 

CuLHEH. In ancient Roman architecture, the ridge-piece of the roof. 

CuLVBBT. An arched channel of masonry or brickwork built beneath the bed of a canal 
for the purpose of conducting water under it. If the water to be conveyed has nearly 
the same level as the canal, the culvert is built in the form of an inverted siphon, and acts 
on the principle of a water-pipe. The word also signifies any arched channel for water 
under ground. 

Culver-tail. The same as Dove-tail, which see. 

CuNEus. (Lat.) That part of the Roman theatre where the spectators sate. 

CuroLA. (It. from Cupo, hollow.) A term, properly speaking, which is confined to the 
nndereide or ceiling part of a dome. See Dome. 

CnrsoARD. A recess in a wall, fitted with shelves as a receptacle fm articles of the tea 
table. 

Curb Roof. One formed of four contiguous planes externally inclined to each other, 
the ridge being in the line of concourse of the two middle planes and the highest of the 
three lines of concourse. A roof of this construction (see 2035.) is frequently termed 
,a Mantard roof, from the name of its inventor. Its principal advantage over other rooL 
ing arises from its giving more space in the garrets. 

Curb for Brice Stefs. A timber nosing, generally of oak, used not only to prevent the 
steps from wearing, but also from being dislocated or put out of their places. When the 
steps are made to return, the curb also returns, but when they profile against a wall, the 
ends of the curb or nosing pieces house at each end into the wail. 

Curb Plate. A circular continued plate, either scarfed together or made in two or mewe 
thicknesses. The wall plate of a circularly or elliptically ribbed dome is sailed a emb- 
pbde, as likewise the horixontal rib at the top, on which the vertical ribs terminate. The 
plate of a skylight, or a circular frame for a well, is also called a curb-plate. The name 
is moreover given to a piece of timber supported in a curb roof by the upper ends of the 
lower rafters fiir receiving the feet of the upper rafters, which are thrace called enrh- 
raften. 

CuEB-sroHER. Those in the foot-paving of a street which divide it from the carriage- 
paving, above which they are or ought to be rmsed. 

Curia. (Gr.) A Roman council-house. Hie city and empire contmned many curim. 
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llie atria municipali*, or domus cttriaHSf seems to have, in destination, resembled our 
Gmidhall. The cto*£a dominicalU was a sort Off manor house. 

CuauwG Sto^p. Hiat which is affected from the winding or coiling of the fibres round 
the Ixmghs of the tree where they begin to shoot out of the trunk. The double iron 
plane is the best for working it. 

Current. Hie necessary slope of a piece of ground or pavement for cmT3dng off the water 
from ite sur&ce. 

Cursor. (Lat.) Hie point of a beam compass that slides backwards mid forwards. Also 
the part of a proportional compass by which the points are set to any given ratio. 

Curtail Stef. The first or bottom step by which stairs are ascended, ending at the fbrthest 
point firom the wall, in which it is placed in a scroll ; perhaps taking its name from the 
step curling round like a cur’s tail. * 

Curvature. See Radius op Curvature. 

Curve. (Lat. Curvus.) A line that may be cut by a straight line in more points than 
one. 

Curvilinear. Bounded by curve lines ; thus a curvilinear roof is one erected on a curved 
plan, circular, elliptical, or otherwise. 

Cushion Rafter. See Principal Brace. 

Cusp. (Lat Cuspis.) One of the pendents of a pointed arch, or of the arched head of a 
compartment of such an arch, or one of the several pendents forming what may be termed 
a polyfoiL Two cusps form a trefoil, three a quatrefoil, and so on. 

Custom House. See Book III. Chap. 111. S^t 15. An edifice erected for the receipt 
of the customs’ duties payable on the importation and exportation of merchandise. 

Cut. In inland navigation, the same as canal, arm, or branch. 

Cut Bracebts. Those moulded on the edge. 

Cut Roof. One that is truncated. 

Cut Standards. For shelves, the upright pieces supporting shelves above a dresser when 
cut into mouldings. 

Cut Stone. Hewn stone, or that which is brought into shape by the mallet and chisel. 

CuTTiNO Plane. A plane dividing or cutting a solid into two parts in any direction. 

CvcLOGRAPB (Gr. KmcAcs and Vpa<^.) In practical geometry, an instrument for describing 
the arc of a cirele to any chord and versed sine, but chiefiy used in flat segments, or those 
whose curvatures approach to straight lines. 

Cycloid. (Gr. KvxXoeiSrjs.) A figure described by rolling a circle upon a plane along a 
straight edge, unUl the point on the circle which touches the straight edge return again 
to it after a revolution. The point traces the curve called the cycloid or trochoid. 

CvcLoPEAN BuiLDiNOs. See Book I. Chap. 11. Sect. 2. 

Ctliedsr. (G. Ki/AipSpop.) A solid wh(»e base is a circle, and whose curved sur&ce is 
every where at an equal distance ftom the axis or line supposed to pass through its mid' 
die. Its formation may be conceived to be generated by the revolution of a rectangular 
parallelogram about one of its sides. The cone, sphere, and cylinder have a remark- 
able relation to each other, first discovered by Archimedes, namely, that the cone is one 
third the cylinder having the same base and altitude ; and the inscribed sphere two 
thirds of the cylinder ; or the cone, sphere, and cylinder are to each other as the numb^ 
1, 2, 3. It isKtermed a riyht cylinder when the axis is at right angles to the base, but if 
at an oblique angle the cylinder is said to be oblique. 

Cylindrical Ceilikg or Vaulting. Vulgarly called .a waygon’^headed ceiling. One in 
the shape of the segment of a cylinder. The cylindrical ceiling appears to have been 
first u$^ by the Romans. It admits of being pierced by lunettes for the admission of 
li^t, which form cylindro-cylindric arches, aud is usually formed into panels or coffers. 
See p. 774. 

CvxiNDRicAL Work. Any kind of work which partakes of the shape of a cylinder, 
whatever material it be formed. 

Ctlindroid. a solid which differs ftom a cylinder in having ellipses instead of circles for 
its ends or l^ses. 

Ctma. (Gr. a wave.) A moulding taking its name fi*om its contour resexift>ling 

that of a wave, being hollow in its upper part and swelling bdow. Of this moulding 
tibere are two sorts, the cyma recta thus, just described, and the cyma reveraa 
thu^ wherein the upper part swells, whilst the lower is hollow. By the workn^ these 
are called ogees. 

CncATiuH. (Gr.) The upper moulding of a cornice. 

Ctmba. The same as Fillet, which see. 

Ctpress. (Lat. Cupressus.) The wood of the cypr^ was valued for its hardness and 
durabili^ by the ancient architects. 

Ctrxades. See Arcbxtscts, list of, 54. 

Cyrus. See Architects, lirt of, 36 . 

CviicBNus. In ancient atdhitectui^ a large hall decorated with sculpture. 

3Q 



962 


GLOSSARY, ETC. 


D. 

Dado. Tlie die or part in the middle of the pedestal of a column between the base mid 
(»rmce. It is of a cubic form, whence the name of die. The term is ^so applied to 
that part of an apartment between the plinth and impost moulding. 

Daiat. An apartment in a house, or a separate building, for the preservation of milk, and 
the manufacture of it into butter, cheese, or other dairy produce. When on a small 
scale, where the milk is only used for butter, the dairy may be a room on the north side 
of the dwelling, or form one of the offices connected with the kitchen court. The tem- 
perature of a dairy should be within the range of forty-eight to fifty-five degrees of Fahren- 
heit, with sufficient ventilation to discharge all smells and impurities of the air. A 
dairy on a large scale should be a detached building, in which case it should contain a 
milk-room, a chuming-room, and a dairy scullery, or place for scalding the utensils. 
If cheese be to be mad^ a room is required for the cheese-press, and another for drying 
the cheeses. 

Dais. (Fr.) The platform or raised floor at the upper end of a dining-hall, where the 
high table stood ; also the seat with a canopy open for it, for those guests who sat at 
the high table. 

Dam. Architecturally, a fence s^ainst water. See Coffer-dam. 

Dampness. A moisture generally attendant on buildings finished hastily, on account of 
the materials, not being dry, carrying up the moisture by capillary attraction. A layer 
of powdered charcoal mixed with pitch or resin and powdered pitcoal laid over one of the 
courses of the wall near the foundations will prevent the evil. 

Dance. See Architects, list of, 290. 

Dance, George. See Architects, list o^ 314. 

Dats or Bats. In Gothic architecture, the compartments in windows formed by the 
transoms or horizontal pieces and muUions or vertical pieces. 

Dead Shore. A piece of timber worked up in brickwork to support a superincumbent 
mass until the brickwork which is to carry it has set or become hard. 

Deafening Sound^boarding. The pugging used to prevent the passage of sound through 
wooden partitions. 

Deal. (Sax. Delan, to divide.) Properly the small thickness of timber iz^o which a piece 
of any sort is cut up ; but the term is now, though improperly, restricted in its significa* 
tion to the wood of the fir tree cut up into thicknesses in the coimtries whence deals are 
imported, viz. Christiana, Dantzic, &c. Their usual thickness is three inches, and their 
width nine. They are purchased by the hundred, which contains 120 deals, be their 
thickness what it may, reduced by calculation to a standard thickness of one inch and a 
half and to a length of twelve feet. Whole deal is that which is one inch and a quarter 
thick, and slit deal is half that thickness. See Board. 

Decagon. (Gr. Acko, ten, and Fcdfio, an angle.) A geometrical figure having ten sides 
and ten angles. If the sides and angles are all equal, the figure is a regular decagon, 
and capable of being inscribed in a circle. 

Decasttle. See Colonade. 

Decimal. (Lat.) A term applied to a system of arithmetic in which the scale of numbers 
proceeds by tens. 

Decoration. The combination of ornamental objects which the desire for varying a form 
or forms brings together in many ways for embellishing those subjects which are the 
objects of art. See Book 111. Chap. I. Sect. 1. 

Deliqitls. (Lat.) A term used by Vitruvius to designate the raftem which formed the 
ridge of the roof and threw the water on each side. 

Demetrius. See Architects, list of, 4. 

Densitt. (Lat. Densus, thick.) A term used in physics to denote the quantity of matter 
which a body contains under a given or determinate surface ; for example, a cubic foot. 
The quantity of matter in a body is called its mass, and is measured by the weight of 
the body, to which it is always proportional ; hence the density of a body is great in pro- 
portion as its we^ht is great, and its volume small ; or the density of bodies is directly 
their masses, and inversely as their volumes. 

Dentils or Dentels. (Lat. Dentes, teeth.) The small square blocks or projections in the 
bed mouldings of cornices in the Ionic, Corinthian, Composite, and occasionally Doric 
orders ; their breadth should be half their height ; and, as Vitruvius teaches, the intervals 
between them two thirds of their breadth. In the Grecian orders they are not used 
under modillions. 

l^scRiTTioN OF A BuiLDiNG. The some as Specification. See Book II. Chap. III. 
Sect. T3. 

Descriptive Geo3ietrt. That which consists in the application of geometrical rules to 
the representation of the figures, and the various relations of the forms of bodies, accord- 
to certain conventional forms. * It differe from perspective, on account of the repre- 



GLOSSARY, ETC. 


963 


i^ntation being made in such a manner that the exact distance between the different 
points of the body represented can always be found, and consequently all the mathe- 
matical relations resulting foom the form and position of the body may be deduced from 
the representation. See Book II. Chap. I. Sect. 6. 

Design. (Lat. Designo.) The idea formed in the mind of an artist on any particular sub- 
ject, which he transfers by some medium, for the purpose of making it known to others. 
Every work of design is to be considered either in relation to the art that produced it, 
to the nature of its adaptation to the end sought, or to the nature of the end it is des- 
tined to serve ; hence its beauty is dependent on the wisdom or excellence displayed in 
the design, on the fitness or propriety of the adaptation, and upon the utility for the 
end. The considerations of design, fitness, and utility will be seen at large in ^ok III. 
Chap. I. Sects. 1,2. 

Destemfeb. See Distemper. 

Details. A term usually applied to the drawings on a larger scale for the use of builders, 
and generally called working drawings. See Book II. Chap. IV. Sect. 4. 

Determining Line. In the conic sections, a line parallel to the base of the cone ; in the 
hyperbola this line is within the base ; in the parabolic sections it forms a tangent to the 
base, in the elliptic it falls without it. In the intersecting line of a circle, the determin- 
ing line will never meet the plan of the base to which it is parallel. 

Detrianus. See Architects, list of, 49. 

Dexiphanes. See Architects, list oC 35. 

Diaconicon. a place contiguous to the ancient churches, wherein were preserved the 
sacred vestments, vessels, relics, and ornaments of the altar. In modem language, the 
sacristy. 

Diagonal. (Gr. Ato, through, and Vwvia^ angle.) A straight line drawn through a fi^re 
joining two opposite angles. The term, in geometry, is used in speaking of four-sided 
figures, but it is nevertheless properly applied with reference to all polygons whereof the 
number of sides is not less than four. Tlie term diameter is used by Euclid in the same 
sense ; but modem geometers use the term diameter only in speaking of curve lines, and 
diagonal when speaking of angular figures. 

Diagonal Scale. A compound scale formed by vertical and horizontal subdivisions with 
diagonals drawn across them, whereby we are enabled to measure off very small parts by 
means of equidistant parallels crossing others of the same kind. 

Diagram. (Gr. Amypogujua, from Aio, through, and rpa4>a>, I write.) The figure or scheme 
for the illustration of a mathematical or other proposition. 

Diagraph. (Gr.) A recently invented French instrument for drawing objects from 
nature. 

Diameter. (Gr. Aio, through, and Hlerpov, a measure.) A straight line passing through 
the centre of a geometrical figure, as that of a circle, ellipse, or hyperbola. The term is 
architecturally used to express the measure across the lower part of the shaft of a column, 
and is usually divided into sixty parts, called minutes, which form the scale for the 
measurement of all the parts of an order. 

Diamond Pavement. One disposed in squares arranged diagonally. 

Diasttle. (Gr. Aia and StuAos, a column.) That distance between columns which consiste 
of three diameters, or, according to some, of four diameters. The term is sometimes 
used adjectively, to signify that the building is arranged with those intervals between 
the columns. 

Diatoni. (Gr, Ata and Toeos, an extension.) In ancient architecture the angle stonw of a 
wall, wrought on two frees, and which, from stretching beyond the stones above and 
below them, made a good bond or tie to the work. 

Diazoha. (Gr. Ato, through, and Zwg.a, a cincture.) In ancient architecture, the landings 
or resting places which, at Afferent heights, encircled the amphitheatre like so many bands 
or cinctures, whence the name. 

Dicaste R iuM. (Gr. Aon;, justice.) In ancient architecture, the name of a tribunal or hall 
of justice. 

Dicttotheton. (Gr. Awctwp, a net, and I place.) In ancient architecture, masonry 

worked in courses, like the meshes of a net. Also open lattice work, for admitting light 
and air. 

DinoRON. See Brick. 

Die of a Pedestal. That part included between the base and the cornice. 

Digging. In soft ground, one man with a spade will throw up, per hour, a cubic yard of 
twenty-seven feet. If a mattock must be used, the same quantity will require two men, 
and in a strong gravel, three. It will require three men to wheel thirty cubic yards of 
gravel in a day to the distance of twenty yards. 

Digltph. (Gr. Ais, twice, and I carve.) A projecting face, with two panels or 

channels sunk thereon. 


3 Q. 2 
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DiLAPiDATioif. The state of decay and ruin into which a building has been permitt^ 

to^l. 

DiMEifsioK. (Lat. Dimetior.) In geometry is either length, breadth, or thickness. Thus 
a line has one dimension, as of length ; a superficies has two, length and breadth ; a solid 
has three dimensions, length, breadth, and thickness. 

Diminished Arches. Those lower or less than a semicircle, called by the French voutes 
$VThai$8ies. 

Diminished Bar of a Sash. One thinner on the edge toweirds the room than on that 
towards the glass of the window. 

Diminished Column. A column whereof Uie upper diameter is less than the lower. 

Diminishing Rule. A board cut with a concave edge, so as to ascertain the swell of a 
column, and to try its curvature. 

Diminishing Scale. A scale of gradation u^d in finding the dififerent points for drawing 
the spiral curve of the Ionic volute, by describing the arc of a circle through every three 
preceding points, the extreme point of the last arc being one of the next three. Each 
point through which the curve passes is regulated so as to be in a line drawn to the 
centre of the volute, and the lines at equal angles with each other. 

Diminution op a Column. The continued contraction of the diameter of the column as 
it rises. Most of the modem authors make the diminution to commence from one third 
of the height of the column ; but in all the ancient examples the diminution commences 
from the bottom of the shaft. See Entasis. In Gothic architecture neither swell nor 
diminution is used, all the horizontal sections being similar and equal. 

Dining or Dinner Room. Generally one of the largest rooms in a dwelling-house. In 
large building it extends to forty or fifty feet in length, and the breadth is from half to 
three fourths the length. In middle-sized houses, dining-rooms run from twenty-four 
down to eighteen feet in length by eighteen to sixteen feet in width, and thirteen or four- 
teen in height. In houses, the largest room on the ground-fioor should be appro- 
priated to the purpose. 

Dinocrates. See Architects, list of, 22. 

Dioti Salvi. See Architects, list ofi 94. 

Dipteral. ( Gr. Atirrepor, double-winged. ) In ancient architecture, a temple having a 
double range of columns on each of its flanks. See Temple. 

Direct Radial. In perspective a right line from the eye perpendicular to the picture. 

Directing Line. In perspective, the line in which an original plane would cut the 
directing plane. 

Directing Plane. In perspective, a plane passing through the point of sight, or the eye, 
parallel to the picture. 

Directing Point. In perspective, that in which any original line produced cuts the 
directing plane. 

Director of an Original Line. In perspective, the straight line passing through the 
directing point and the eye of a spectator. 

Director op the Eve. The intersection of the plane with the directing plane perpen- 
dicular to the original plane and that of the picture, and hence also perpendicular to the 
directing and vanishing planes, since each of the two latter is parallel to each of the two 

former. . 

Directrix. In geometry the name given to a certain straight line perpendicular to the 
axes a conic section. One of the properties of these curves is that the distance of any 
point of the curve from the directrix is to the distance of the same point from the focus 
in a constant ratio. ITie name is sometimes applied generally to any straight or curved 
line required for the description of any curve. 

Discharge. (Fr. Decharger.) The relief given to a beam, or any other piece of timber, 
too much loaded by an incumbent weight of building. When the relief is given, the 
weight is said to be discharged. 

Discharging Arches. Those built over wooden lintels, whereby the bearing upon them 
is taken off. The chords of discharging arches are not much longer than the lintel, being 
the segments of very large circles. A temporary arch is frequently introduced, and re- 
moved on completing the building. Sometimes the arches are built without any lintel 
under then. 

Dishing out. The same as Cradling, wnicn see. 

Displuviatum. (Lat.) In ancient architecture, a place from which the rain is conveyed 
-away in two channels. Accorefing to Vitruvius, a eavetdium displutnatunk was an open 
«mrt expired to the rain, .... -r 

Disposition. (Lat.) One of the essentials of architecture. It is the arrangement of the 
whole design by means of ichnography (plan), orthography (section and elevation), and 
scenograpby (perspective view). It differs from distribution, which signifies the par- 
ticular arrangements of the internal parts of a building. 
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Distakcx of the Eye. In perspective, the distance of the eye from the picture in a line 
perpendicular to the plan thereof. 

Distance, Point of. In perspective, the distance of the picture transferred upon the 
vanishing line from the centre, or from the point where the principal ray meets it ; and 
thus it is generally imderstood to be on the vanishing line of the horizon. 

Distance of a Vanishing Line. The length of a perpendicular &lling from the eye 
perpendicular to the vanishing plane. 

Distemper. ( Fr. Detemper. ) In painting, a preparation of opaque colour, ground up 
with size and water. 

Distribution. (Lat.) The arrangement of the various apartments of a building. 

Ditrigltph. (Gr. Air, twice, Tpets, three, and I carve.) An arrangement of inter- 

columniations in the Doric order, by which two triglypbs are obtained in the frieze 
between the triglyphs that stand over the columns. 

Dodecagon. (Gr. Aa)5e/ca and FttPio, an angle.) A regular polygon of twelve equal sides. 

Dodecahedron. ( Gr. AwScKa and 'ESpo, a seat. ) One of the five platonic bodies, or regular 
solids, its surface being composed of twelve equal and regular pentagons. 

Dog-legged Stairs. Such as are solid between the upper flights, or such as have no 
well-hole, and in which the rail and balusters of both progressive and retrogressive flight 
flili in the same vertical plane. The steps are fixed to strings, newels, and carriages ; and 
the ends of the steps in the inferior kind only terminate on the side of the string without 
any housing. 

Dome. (Lat. Domus.) The spherical, or other figure, convex roof over a circular or 
polygonal building. A surbased or diminished dome is one that is segmental on its 
vertical section, a surmounted dome is one that is higher than the radius of its base. 
There is great variety in the forms of domes, both in plan and section. In the former, 
they are circular and polygonal ; in the latter, we find them semicircular, semi-elliptical, 
segmental, pointed, sometimes in curves of contrary flexure, bell-shaped, &c. The 
oldest dome on record is that of the Pantheon at Rome, which was erected under 
Augustus, and is still perfect. Below is a list of the principal domes in Europe, with 
their dimensions ; the heights in the third column are from the ground : — • 


Place. 

Feet Diana. 

Feet High. 

: Pantheon at Rome 




142 

143 

' Duomo, or Sta. Maria del Fiore, at Florence 

. 

139 

310 

St. Peter’s at Rome 

. 

• 

. 

139 

330 

Sta. Sophia at Constantinople 

. 

. 

. 

115 

201 

Baths of Caracalla (ancient) • 

- 

. 

. 

112 

116 

St. Paul’s, London 

. 

. 


112 

215 

Mosque of Achmet 

- 

. 

. 

92 

120 

Chapel of the Medici 

- 

- 

. 

91 

199 

Baptistery at Florence • 

- 

- 

- 

86 

110 

Church of the Invalids at Paris 

- 

. 

- 

80 

173 

Minerva Medica at Rome 

. 

_ 


78 

97 

Madonna della Salute, Venice 

. 

_ 

. 

70 

133 

St Genevieve at Paris (Pantheon) 

- 

- 

. 

67 

190 

Duomo at Siena ... 

. 

. 

- 

57 

148 

Duomo at Milan ... 

- 

- 

. 

57 

254 

St Vitalis at Ravenna . 

. 


- 

55 

94 

Val de Grace at Paris - 




55 

183 

San Marco, Venice 

- 

- 

- 

44 



Donjon. (Fr.) The massive tower within ancient castles to which the garrison might 
retreat in case of nec^rity. It was centrally placed, and frequently rais«i on an artificial 
elevation. 

Dooks. The same as Wooden Brices, which see. It is a Scotch term. 

Door. (Sax. Dop, Gr. Bvpo.) The gate or entrance of a house or other building, or of an 
apartment in a house. It must be proportioned to the situation and use for which it is 
intended. Thus, for an ordinary dwelling-house, a door should not be less than seven to 
eight feet high, and three to four feet broad ; but to churches and public buildings the 
entrance- doors should be much wider, to allow of a multitude to pass out. So in stately 
mansion^ the doors must be from six to twelve feet in width, and of proportionate 
height. For the different sorts and profiles of doors, see Book III. Chap. I, Sect. 19. ; 
for joinery of doors. Book II. Chap. III. Sect 5. 

Door Frame or Case. The wooden frame eoclc^ug a door, 

Doric Order. See Book III. Chap. I. Sect. 4., and Book I. Chap. II. S^t4. 
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poAMANT T&ee or Summer. The lintel of a door, window beam, <Sec. A beam tenoned 
into a girder to support the ends of joists on both sides of it. Summer, in some parts, is 
the common term for a girder. 

Dokmjer. a window placed on the inclined plane of the roof of a house, the frame being 
placed vertically on the rafters, 

DoaMiTORT. (Lat. Dormio, 1 sleep.) A large sleeping-room, capable of containing many 
beds. 

Dobon. See Bbick. 

Dove-house, or Dove-cot. A building for keeping tame pigeons, the only essential 
difference between which and a common poultry house is, that the entrance for the 
birds must be placed at a considerable height from the ground, because of the flight of 
pigeons being so much higher than other birds. 

Dove-tail (from its spreading like a pigeon’s tail). A joint used by carpenters and joiners 
in connecting two pieces of wood, by letting one into the other, in the form of the 
expanded tail of a dove. It is the strongest method of joining masses, because the tenon 
or piece of wood widens as it extends, so that it cannot be drawn out, because the tongue 
is larger than the cavity through which it would have to be drawn. The French call 
this method queue d'hirotide, or swallow’s tail. 

Double Cubvatube. The curvature of a curve, whereof no part can be brought into a 
plane, such as the cylindro-cylindric curve, &c. 

Double Floob. One constructed of binding and bridging joists. See p. 541. 

Double-huhg Sashes. See p. 572, 573. 

Double Vaults. Two vaults of brick or stone carried up separately with a cavity between 
them. 

Doubling. A term used in Scotland to denote eaves’ boards. 

Doucine. The French terra for the cyma recta. 

Dowels. Pins of wood or iron used at the edges of boards in laying floors, to avoid the 
appearance of the nails on the surface. Floors thus laid are called doweU.ed floors. 

Drag. (Verb.) A term applied to anything bearing down or rubbing on another. Thus, 
a door is said to drag when its hinges become so loosened that the lower edge rubs upon 
the floor. 

Dragon Beam or Piece. In carpentry, a short beam or piece of timber, lying diagonally 
with the wall-plates at the angles of a roof for receiving the heel or foot of the hip rafter. 
It is fixed at right angles with another piece, called the angle tie, which is supported by 
each returning wall-plate, on which it is cocked down. 

Deain. A subterraneous or other channel for waste water. See Book II. Chap. Ill, 
Sect. I, 

Dsaught. The representation of a building on paper, explanatory of the various parts of 
the interior and exterior, by means of plans, elevations, and sections, drawn to a scale, by 
which all the parts are exhibited in the same proportion as the parts of the edifice 
intended to be represented. 

Draught. In masonry, a part of the surfrce of the stone, hewn to the breadth of the 
chisel on the mar^n of the stone according to the curved or strmgbt line to which the 
surface is to be brought When the draughts are framed round the different sides of the 
stone, the intermediate part is wrought to the surface by applying a straight edge or 
templet In very large stones, when the substance needs much reduction, it is usual to 
make several intermediate parallel draughts, and thus the intermediate parts may be 
hewn down nearly by the eye, without much application of the straight edge or 
templet 

Draught Compasses. Those with moveable points. 

Draw Bobe. (Verb.) The pinning a morti^ and tenon, by piercing the hole through 
the tenon nearer to the sho^der than the boles through the cheeks from the abutment 
in which ftie shoulder is to come in contact. 

Draw Bobe Pins. Pieces of steel in the shape of the frustrum of a cone, rather taper, 
and inserted in handles with the greatest diameter next to the handle, for driving through 
the draw bores of a mortise and tenon in order to bring the shoulder of the rail close 
home to the abutment on the edge of the style. When this is effected, the draw bore 
pins, when more than one are used, are taken out singly, and the holes immediately filled 
up with wooden pegs. 

Drawbridge. One made with long and heavy levers to robe or let it down at pleasure. 

Drawing. See Book II. Chap. IV. Sect. 2. 

Drawing is the art of representing any object by -means of lines circumscribing its 
boundaries. For working drawings see Book II. Chap. IV, Sect. I. 

Drawings necessary in Composihons. Book III. Chap. II. Sect. 2. 

Drawing Room, perhaps more properly Withdrawing Room. The apartment to which 
the company withdraw after di^er. 

Dressed. A term in masonry which expresses the operation a stone has undergone before 
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buildlug it in the wall, whether by the hammer only or by the mallet and chisel, and 
then rubbing the face smooth. Li Scotland the term is used to signify hammer Mess- 
ing only. 

OaEssER. A table placed against a wall in a kitchen, usually with drawers, and having shelves 
over it. 

Oressikg Room. A room generally adjoining to and communicating with the sleeping 
room, used, as the name implies, for dressing in. It should have a separate door to 
open on the lobby or passage of communication. 

Dr£ssz)7gs. AU kinds of mouldings beyond the naked walls or ceilings are called by the 
general name of dressings. In joinery it is a term applied to the architraves or other 
appendage of apertures. 

Drift. (Sax. Dpipan.) The horizontal force which an arch exerts with a tendency to 
overset the piers from which it springs. 

Drip. See Corona. 

Dripping Eaves. (Dan. Dripper, to drop.) The lower edges of a roof wherefrom the 
rain drips or drops to the ground. By the Building Act dripping eaves are' prohibited 
within the bills of mortality, towards any street or public way. 

Drops. (Sax. Djioppan.) The frusta of cones in the Doric order, used under the triglyphs • 
in the architrave below the taenia. They are also employed in the under part of the 
mutuli or modillions of the order. In the Greek examples they are sometimes curved a 
little inwards on the profile. 

Droved Ashlar. A term used in Scotland for chiselled or random tooled ashlar. It b 
the most inferior kind of hewn work in building. What is in that country called 
broached work is sometimes done without being droved ; but in good broached work the 
face of the stone should be previously droved, and then broached. 

Droved and broached. A term used in Scotland to signify work that has been roughed 
and then tooled clean. 

Droved and striped. Work that is first droved and then striped. The stripes are 
shallow grooves done with a half or three-quarter inch chisel, about an eighth of an inch 
deep, having the droved interstices prominent. This and the two preceding sorts of 
work are not much used in the southern part of England. 

Dbuell. See Architects, list of, 166.* 

Druidical Architecture. See Book I. Chap. IT. Sect. I. 

Drum. (Dan. Tromme.) The upright part under or above a cupola. The same term 
is sometimes applied to the solid part or vase of the Corinthian and Composite 
capitals. 

Dbt Rot. A disease of timber which destroys the cohesion of its parts ; it is usually 
ascribed to the attacks of fungi, such as the Pobfporus destructor and Merulius lacrymansy 
whose spawn appears upon the surface oversprea^ng it like a tough thick skin of white 
leather ; and th^re is no doubt of its being often connected with the appearance of such 
fungi Dry rot is, however, in some cases to be identified with the presence of fungi of 
a more simple kind than those Just mentioned, such as those of the genus Sporc^itdiunu 
See p. 490. 

Dubbing out. A term used by plasterers to signify the bringing of an uneven surface to a 
plane by pieces of tile, slate, plaster, or the like. 

Dunstan. See Architects, list of, 75. 

Duodecimal. (Lat. Duodecim.) Proceeding by twelves. It is a term applied to an 
operation in arithmetic, which is explrined in p.296, et seq, 

Dwang. a term used in Scotland to denote the short pieces of timber employed in strut- 
ting a floor. 

Dwarf Wainscoting. Such as does not reach the whole height of a room, being usually 
four, five, or six feet high. 

Dwarf Walls. Low walls of less height than the story of a building ; sometimes the 
joists of a ground floor rest upon dwarf walls. The enclosures of courts are frequently 
formed by them with a railing of iron on the top ; and indeed any low ^mll us^ as a 
fence is a dwarf wall. 

Dwelling House. See p. 810, et seq. 

Dwellings, different early sorts of. See Book I. Chap. I. Sect. 3. 

Dye. See Die. 

Dynamics. (Gr. Awa/ur, force or power.) As generally understood, the science which 
treats on the motion of bodies, because it is only known to us by the motion it produces in 
the body on which if acts. It is however usually restricted to those circumstances of 
motion in which the moving bodies are at liberty to obey the impulses communicated to 
them ; the opposite cases, or those in which the bodies, whether by external circum- 
stances or by their connection with one another, we not at liberty to obey the impulses 
given, being within the science of mechanics. 

S Q 4 
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Eagle. (Gr. Aictm.) A term used by the Greeks for the iGroati^iece or pediment 
their temples. 

Eabs. Ihe smne as Cbosettes, which see. 

EABNULPif. See Architects, list of, 89. 

Eacbald. See Akchitects, list o4 70. 

Eaves. (Probably Fr. Eaux.) The lowest edges of the inclined sides of n roof which pro- 
ject beyond the face of the walls, so as to throw the water ofif therefrom, that being their 
office. 

Eaves’ Board, Eaves’ Lath, Eaves’ Catch. See Arris Fillet. 

Ebony. The wood of a natural order of shrubby or arborescent exogens, chiefly inhabiting 
the tropics. Some species are remarkable for the hardness anti blackness their wood, 
■ which is principally used for furniture. 

Eccentricity. The diflerence of centre from another circle. The distance between the 
foci of an ellipse. 

Echea. (Gr. Hx^> I sound.) In ancient architecture, sonorous vessels of metal or earth, 
in the form of a bell, used in the construction of theatres for the purpose of reverberating 
the sound of the performer's voice. They were distributed between the seats, and are 
described in the fifth book of Vitruvius, who states that Mummius introduced them in 
’ Rome, after the taking of Corinth, where he found this expedient used in the theatre. 
Echinus. (Gr. Exo'or. ) The same as the ovolo or quarter round, though the moulding 
is only properly so called when carved with eggs and anchors. (See Anchor.) It is 
the shell or husk of the chestnut, though the ornament does not seem to bear much re- 
semblance to it. 

Ecthor A. ( Gr. Ea, out, I bear. ) A word used by Vitruvius (lib. iii. cap. 3. , ) to signify 

the projecture of a member or moulding of a column, that is, the distance of its extre- 
mity from the naked of the column, or, according to others, from the axis. 

Ectype. (Gr. E«rwro»».) An object in relievo, or embossed. 

Edge. (&x, Ceje.) ITie intersection of two planes or surfaces of a solid, which therefore 
is either straight or curved according to the direction of the surfaces. See Arris. It 
is also that side of a rectangular prismatic body which contains the length and thickness; 
but in this sense of the term, the body to which it applies is generally understood to be 
very thin ; thus we say ** the edge of a door,” the edge of a board,” meaning the nar- 
row side. The edge of a tool is the meeting of the surfoces when ground to a very 
acute angle. 

Edge Tools are those which clip or shave in the operation of working. 

Edging. In carpentry, the reducing of the edges of ribs or rafters, whether externally or 
internally, so as to range in a plane or in any curved surface required. Backing is a 
particular use of edging, and only applies to the outer edges of ribs or rafters ; but 
edging or ranging is a general term, and applies either to the backing or internal sur- 
frce. See Backing. 

Edifice. (Lat. .^dificium.) A word synonymous with fabric, building, erection; the 
word is, however, more usually employed to denote architectural erections distinguished 
for grandeur, dignity, and importance. 

:Cdnoth. See Architects, list of, 74. 

Effect. (Lat. Efficio.) That quality in works of art whose nature is to give particular 
efficacy to other qualities, so as to bring them out and attract the eye of the spectator. 
Egbert. See Architects, list o^ 68. 

Egg and Tongue. Ornaments used in the echinus, supposed by Quatrem^re de Quincy 
to have bad their origin in the head of Isis, and, as be imagines, representing a mystical 
collar or necklace of the mundane egg and the tongue of the serpent of immorality ; 
but as we think, in the representation much more simple objects, those of nature her- 
self See Echinus. 

Egyptian Architecture. See Book 1. Chap. 11. Sect. 7. 

Egyptian Hall. See (Ecus. 

El^bothesium. (Gr. EXaiov, oil. ) In ancient architecture, an apartment in the baths wherein, 
after leaving the bath, the bathers anointed themselves. 

Elastic Curve. In mechanics, the figure assumed by an elastic body, one end whereof 
is fixed horizontally in a vertical plane, and the other loaded with a weight which, by its 
gravity, tends to bend it. 

Elasticity. {Gt. EAcuttu, a spring, from EXavyv, I draw.) In physios that property pos- 
sessed by certain bodies of recovering their form and dimensions after the external force 
which has dilated or compressed them is withdrawn. It is only perfoct when the body 
recovers exactly its primitive form after the force to which it has been subjected has 
been removed, and that in the same time as was required for the force to produce the 
alteration. is however a quality not strictly found in nature. 
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Elbows. (Sax. Clbosa.) The upright sides which flank any pannelled work, as in win- 
dows b^ow the shutters, &c. 

Elzyation. (Lat. Elevatio. ) A geometrical projection drawn on a plane perpendicular 
to the horizon. 

Ellipse or Ellipsis. (Gr. EAXct^t^ defect.) One of the conic sections produced by 
cutting a cone entirely through the curr^ sur&ce, neither parallel to the base ; nor 
making a subcontrary section, so that the ellip^ like the cirde, is a curve that returns 
into itself and completely encloses a space. 

Ellipsoobafh. An instrument for describing an ellipsis by continued motion. 

Ellipsoid. See Conoid. 

Eluftic A&ch. a portion of the curve of an ellipsis employed as an aich* 

Elliptic Compasses. The same as Ellipsograph. 

Elliptic winding Stairs. Such as are cased in and wind round an dliptic newel. 

Elm. (Lat. Ulmus.) A forest tree occasionally used in building. SeeBook II. Chap. II. 
Sect. 4. 

Elphage. See Architects, list o^ 77. 

Embankment. A term signifying any large mound of earth on the sides of a passage for 
water or other purposes ; also for protection against the action of the sea. It is usually 
constructed of earth, and, when necessary to resist much force, cased with brick or stone. 

Embattled. A wall indented with notches in the form of embrasures on the top of a 
w^l, parapet, or other building. It is sometimes called crenelle. 

Embattled AaoirADE. See Aronade. 

Embattled-battled Line. A straight line bent into right angles, so that if there be 
three sets of parts one set may be parallel to those of the other two. 

Embattled Buildings. Those with embrasures in the parapets, resembling a castle or 
fortified place. 

Embossing or Embossed Work. (Fr. Bosse, a protuberance.) The raising or forming in 
relievo any sort of figure, whether performed with the chisel or otherwise. It is a kind 
of sculpture, in which the figures rise from the plane on which they are formed, and as 
they are more or less prominent they are said to be in alto, mezzo, or basso relievo. 

Embrasure. An opening made in the wall or parapet of a fortified place. The term is 
also applied to an enlargement within of the sides of a window, in which sense it is the 
same as Splat, which see. 

Emere, D’. See Architects, list of, 232. 

Ehplecton. (Gr. I entangle.) Among the ancients, a method of constructing 

walls, in which, according to Vitruvius, the front stones were wrought foir and the 
interior left rough and filled in with stones of various sizes. 

Encarpus. (Gr. £p and icopTor. ) The festoons on a frieze, consisting of fruit, flowers, 
leaves, &c. 

End of a Stone. The two parallel sides which form the vertical joints. 

Endecagon. (Gr. ErScKa, eleven, and Tavia, an angle.) A plain geometrical figure bounded 
by eleven sides. 

Engaged Columns. Those attached to walls, by which a portion of them is concealed. 
They never stand less than half their diameter out of the wall to which they are 
attached. 

English Bond. Seep. 515. 

Ensemble. (Fr.) A term denoting the masses and details considered with relation to 
each other. 

Entablature. (Fr. Entablement.) The whole of the parts of an order above a column. 
The assemblage is divided into three parts : the arcfakrave, which rests immediately on 
the column ; the frieze, next over the architrave, being the middle member ; and the 
cornu^ which is the uppermost part. The first and last are variously subdivided in the 
different orders. See the different orders. Book IIL Chap. I, 

Entasis. (Gr. Eprtwnr.) A delicate and almost imperceptible swelling of the shaft a 
column, to be found in almc^ all the Grecian examples. It to have been adopted 

to prevent the crude app^rance which the frusta of cones would have presented. This 
refinement is alluded to in the second chapter of the third book of Vitruvius, and was 
first in modem times observed in execution in 1814 by Mr, AUason. 

Enter. (Verb.) In carpentry anH joinery, the act of inserting the end of a tenon in the 
mouth of a mortise previous to its being driven borne to the shoulder. 

Entresol. (Fr.) A low story between two higher ones. See Mezzanine. 

Envelope. (Verb.) The covering of a portion of the surface of a solid with a thin sub- 
stance or wrapper, which in ail points or parts comes in contact with the surfoce of such 
surfoce. To develop the surfoce of a solid is to find Ihe envelopes that will cover its 
difihrent parts. 

Ephebeium. (Gr.) A building, in ancient architecture, for the exercise and wrestling of 
the youth. 
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Epicraketis. (Or.) A name given by the Greeks to the tiles forming the eyma or upper 
member of the comice of their temples. 

Epicvclojd. (Gr. Eirwcv/cAos, and EiSos, form.) In geometry, a curve line generated by the 
revolution of a point in the circumference of a circle, which rolls on the circumference 
of another circle, either externally or internally. 

Episcenium. (Gr. £?n, upon, a scene.) In ancient architecture, the upper order of 

the scene in a theatre. 

Episitlictsc. Gr. Ert, upon, SruAor, column.) The same as Abchtteave, which see. 

Epitithedes. (Gr. Eir<, upon, T<97;/a, I place.) The crown or upper mouldings of an en- 
tablature. 

Eqciangular. Having equal angles. 

Equidistant. At equ^ distances. 

Equilateral. Having equal sides. 

Equilibrium. In mechanics, an equality of forces in opposite directions, so as mutually 
to balance each other. For the arch of equilibrium see Book II. Chap. I. Sect. 9. 

Ergastulum. Ill ancient architecture, a name given by the Romans to a prison or house 
of correction, where slaves, by the sole authority of their masters, were confined for their 
offence and subjected to hard labour. By the Greeks these buildings were called 
sophroni$teria» 

Erwvn. See Architects, list of, 1 28. 

Escobedo, H’. See Architects, list o^ 197. 

Esouerra. See Architects, list of, 225. 

Estimate. (Substantive.) The computed c<^ of a building before the works are com- 
menced. See Book II. Chap. HI. Sect. 14. 

Estraoe. An even or level space ; a public road. 

Etienne de Bonneveil, See Architects, list of. 111. 

Etruscan Architecture. See Book I. Chap. II. Sect. 12. 

Eude be Montredil. See Architects, list 1 17. 

Eupaunus. See Architects, list of, 5. 

Eupolemus. See Architects, list of, 27. 

Eubithmt. (Gr. f.vpv$fjua, justness of proportion.) The regular, just, and symmetrical 
measures resulting from harmony in the proportions of a building or order. Vitruvius 
makes it one of his six essentials. 

Eustachxus. See Architec'Ts, list of, 109. 

EusTrLE. (Gr. £v, well, and SruAos, column.) See Colonnade. 

Evaporation. (I<at.) The conversion of substances into vapour, during which process 
a considerable quantity of sensible heat passes into the latent ot insensible state. 
Hie circumstances which principally influence the process of evaporation, are extent 
of sur&ce, and the state of the air in respect of temperature, dryness, stillness, and 
density. 

Eversden, D*. See Architects, list of, 136. 

Eversolt. See Architects, list of, 103. 

Evolute. (L<at. Evolvo.) In the theory of curve lines, is a curve from which any ^ven curve 
may be supposed to be formed by the ew^uiion or unlapping of a thread from a sur&ce 
having the s am e curvature as the first curve. The curve thus generated is called the 
invdvte curve. 

Excavation. (Lat.) As ccmnected with architecture is the digging out or hollowing the 
ground fin* the foundations of a building, or of a floor below the level of the groimd. 

Exchange. S^ Book HI. Chap. HI. Sect. 14. 

Exhedea. (Gr. out of, and *E9pa, a chair.) In anrient architecture, a small room in 
the batl» and otfa«r buildings appropriated for conversations. 

Exostra. (Gr.) In ancient architecture, a machine for representing the interior part of 
a building as connected with the scene in a theatre. 

Expansion. One of the ordinary eflTects of heat, which enlarges the bulk of all matter. 
Though the expansion of solids is by increase of temperature comparatively small, it 
may be rendered sensible by carefully measuring the dimensions of any substance when 
cold mid a^n when heated. Thus an iron bar fitted to a gauge, showing its length and 
breadth, will, when heated, no longer pass through the apertures. The metals are most 
expanrible by heat and cold. The following exhibits the change which some of them 
undergo when heated from the freezing to the boiling point of water : — 

Temperature. 


Platinum - 



320 

- 120000 

2120 

120104. 

Steel 

. 

- 

- — 

120147. 

Iron 


- 

. — 

120151. 

Copper 

- 

- 

— 

120204. 
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Temper^ure. 
32 ° 212 ° 


Brass - - - - 120000 120230. 

Tin - - ' - . . — 120290. 

Lead . - - - — 120345. 

Zinc . . - . — 120360. 

Exteksiok. (Lat.) One of the general properties of matter, being the quantity of space 
which a body occupies, its extremities in every direction limiting or circumscribing the 
matter of that body. It is the magnitude, size, or bulk of a body. 

External or Exterior. A term of relation applied to whatever is on the surface or out- 
side of a body, as opposed to interrud or interior. 

Extrabos. The exterior curve of an arch. The term is generally used to denote the 
upper curve of the voussoirs or stones which immediately form the arch. 

Eve. a general term signifying the centre of any part : thus the eye of a pediment is a 
circular window in its centre. The eye of a dome is the horizon!^ aperture on its 
summit. The eye of a volute is the circle at the centre, from whose circumference the 
spiral line commences. 

Ete, Bull’s, See Bull’s Eve. 

Eyebrow. A name sometimes given to the fillet. 

F. 

Fabric, (Lat.) A general term applied to a large and important building. 

Facade. (Fr.) The face or front of any building towards a street, court, garden, or other 
place ; a term, however, more commonly used to signify the principal front. 

Face Mould. The name applied by workmen to the pattern for marking the plank or 
board out of which ornamental hand-railings are to be cut for stairs or other works. 

Face op a Stone. The surfece intended for the front or outward side of the work. The 
back is usually left rough. Stones should be &ced in the opposite direction of their split- 
ting grain. 

Facettes, (Fr.) Flat projections between the flutes of columns. 

Facia or Fascia. (Lat. a Band.) A flat member of an order or of a building, like a flat 
band or broad fillet. The architrave, when subdivided for instance, has three bands called 
fascia, whereof the lower is called the first frscia, the middle one the second, and the 
upper one the third. 

Facing. That part in the work of a building seen by a spectat<Nr i but the term b usually 
employed to signify a better sort of material, which masks the inferior one used in- 
ternally. 

Factabling. The same as Coping, which see. 

Falconetto. See Architects, Ibt of, 207. 

Falling Moulds. The two moulds applied to the vertical sides of the railpiece, one to 
the convex, the other to the concave side, in order to form the back and under surface of 
the rail and fimsh the squaring. 

False Attic. An attic without pilasters, casements, or balustrades, used for crowning a 
building, as at the gates St. Denis and St. Martin at Parb. 

False Bearing. See Bearing Wall. 

False Roof. That part between the ceiling of the upper floor and the covering of the 
roof. * 

Fanal. (Fr.) The French term for a lighthouse. 

Fanum. (Lat.) A place consecrated to religion, including the building and ground 
belonging to it Those temples erected to the memory of dbtingubhed persons were 
called fana by the ancients. 

Farlegb. See Architects, list of, 163. 

Farm-houses. See Book III. Chap. III. Sect 23. 

Farraria. See Granary. 

Fastigium. (Lat) See Pediment. 

Fathom, (Sax.) A measure of six feet, taken from the extent of both arms when 
stretched out in a right line. It b chiefly used in measuring the depth of water, 
quarries, wells, or pits. 

Feather-edged. A term applied to any thin body whose section b trapezoidal ; that is, 
thicker on one edge than on the other. 

Feather-edged Boards. See Boards. 

Feather-edged Coping. See Coping. 

Feeder. A cut or channel by which a stream or supply of water b brought into a canal. 
Sometimes the supply itself of the water b so called. 

Feeding House or Shed. A fiurm-building for stalling and fattening neat cattle. It 
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should be in a dry warm situation, capable of free ventilation, and supplied with proper 
conveniences for food and water. 

FfLLiNO TiMBEa. The cutting down a full grown tree. Much difference of opinion has 
prevailed respecting the proper season for felling trees, some being in favour of mid- 
winter and others of midsummer. It is however a question which principally turns 
upon the quantity and value of the soft or outer wood in the trunk of the tree to be 
felled, called sap by the forester and carpenter. This sap or outer wood being the only 
portion of the trunk in which the sap or juices of the tree circulate, if no v^ue be set 
upon i^ it seems of little consequence when the tree is cut down, because the mature 
timber, which is the really valuable part of the wood, is impermeable to the sap in its 
ascent through the soft wood, and is therefore in the same state at every season of the 
year. On the other hand, where much value attaches to the soft or outer wood, or 
where, as in the case of comparatively yoimg trees, the greater part of the tnmk consists 
of sap wood, they should be felled when the sap least circulates. The season in that 
case is doubtless midwinter, which, cateris parihus, is certainly the best season for felling 
timber. The next best season seems to be midsummer, because the sap is then chiefly 
confined to the young shoots, to the circumference of the soft wood, and to the bark. 
The worst season would appear to be the spring, just before the development the 
buds, when the tree is fullest of sap, and receiving fresh supplies of it from the root ; 
and in autumn, immediately before the fall of the leaf, when there is a superabundance 
of sap, from its being as it were thrown out of employment by the falling of the leaf. 
In general all soft wood, such as elm, lime, poplar, willow, &c., should be felled during 
the winter. Hard woods, like the oak, beach, ash, &c., may be felled at any time, if 
the trunks are of large size, and chiefly valued for their heart- wood. 

Fxlt Geaik. That position of splitting timber which is cloven towards the centre of the 
tree, or transversely to the annular rings or plates. The transverse position, or rather 
that which is in the direction of the annular plates, is called the quarter grain. 

Felting. The act of splitting timber by the felt grain. 

Fence. (Lat. Defensio.) Any sort of construction for the purpose of enclosing land, as a 
bank of earth, a ditch, hedge, wall, railing, paling, &c. 

Fender Pii«s. Those driven to protect work, either on land or in water, from the con- 
cussion of a moving body* 

Festoon. (Fr.) A sculptured representation of flowers, drapery, and foliage, looped or 
suspended at intervals on walls. The festoon was much used on friezes, altars, tablets, 
also over or under niches, as well as in many other situations. 

FETCHiNG THE PcMP. The act of pouring water into the upper part of a pump to expel 
the air contained between the lower box or piston and the bottom of the pump. 

Fzgobe. In a general sense the terminating extremes or surface of a body. No body can 
exist without figure, or it would be infinite, and all space solid matter. Figure in 
geometry, any plane surface comprehended within a certain line or lines. 

Filippo. See Aecuitects, list of 193. 

Fillet. (Fr. Filet.) A narrow flat band, Ibtel, or annulet used for the separation of 
one moulding from another, and to give breadth and firmness to the upper edge of a 
crowning moulding, as in a comice. The small bands between the flutes of a column 
are called fillets. See Anndlet and Band. 

Fillet. In carpentry or joinery, is any small timber scantling equal to or less than 
battens, fillets are used for supporting the ends of boards by nailing them to joists or 
quarter^ &c., as in sasmding hotting, and in supporting the ends of shelves. 

Fillet Guttbiu A sloping gutter, with a learboard and fillet thereon, to divert the 
water. 

Filling in Pieces. In carpentry, short rimbers, less than the full length, fitted against 
tile hips of ro<^ groins, braces of partitions, which interrupt the whole length. 

Fens Stuff. Plaster used in common ceilings and walls for the reception of paper or 
colour. It is composed of lime slaked and sifted through a fine sieve, then mixed with 
a due quantity of hair and fine sand. 

Fznial. In Gothic architecture, the top or finishing of a pinnacle or gable, as it is now 
generally understood ; but in ancient documents the term was used to denote an entire 
pinnacle. 

Finishing. A term frequently applied to the termination of a building ; but more espe- 
eially to the interior in the pla^erer's work for the last coat, and often to the joints 
work, as in the artiiitraves, bases, surbases, &c. 

Fiobavantl See Architects, list of, 139. 

Fir. a forest tree, extensivdy used in building. See p. 484. 

Fir Poles. Small trunks of fir trees, frtim ten to rixteen feet Icmg, used in rustic build- 
ings and outhouses. 

Fir in Bond. A tetimieal expression to denote lintels, bond timbers, wall plates, and all 
timbaN built in walls. See Bond. 
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Fi& WROUGHT. That planed on the edges and sides. 

Fir wrought and framed. That which is both planed and framed. 

Fir wrought, framed, and rebated. That which is planed, framed, and rebated. 

Fir wrought, framed, rebated, and beaded. The same as the preceding article, with 
the addition of beading. 

Fir framed. Rough timber framed, but which has not undergone the action of planing. 

Fir no Labour. Rough timber employed in walls, without planing or framing. 

Fire-place. See Chimney. 

Fire-stone. That which r^ists the action of the fire. A species of it is used in joinery 
for rubbing away the ridges made by the cutting-edge of the plane. 

Firmer Tool. A tool used by joiners. See p. 565. 

First Coat. In plastering, the laying the plaster on the laths, or the rendering, as it is 
called, on brickwork, when only two coats are used. When three are used, it is called 
jnicMng-up when upon laths, and roughing-in when upon bricks. 

Fischer, Von Erlach. See Architects, list of, 269. 

Fischer, Carl. See Architects, list of, 313. 

Fish. (Verb.) To secure a piece of wood by Bistening another piece above or below 
it, and sometimes both, to strengthen it. 

Fistuca. (Lat.) A pile-driving instrument with two handles raised by pulleys, and 
guided in its descent to fall on the head of a pile so as to drive it into the ground being 
what is by the workmen called a monhey. 

Fitz-Odo. See Architects, list of, 108. 

Fixture. A term applied to all articles of a personal nature affixed to land. This annex- 
ation must be by the article being let into or united with the land, or with some substance 
previously connected therewith. 

Flags. Thin stones used for paving, from one and a half to three inches thick, and of 
various lengths and breadths, according to the nature of the quarry. 

Flake White. In painting, lead corroded by the pressing of grapes, or a ceruse prepared 
by the acid of grapes. It is of Italian manufacture, and for the purity of its white &r 
surpasses the white lead of this country. 

Flank. (Fr. Flanc.) That part of a return body which joins the front. In town houses 
the party-walls are the flank walls. ^ 

Flashing. (Probably from Fr. Flaque, a splash.) Pieces of lead or other metal let into 
the joints of a wall so as to lap over the gutters or other conduit pieces, and prevent the 
splashing of rain injuring the interior works. 

Flat. That part of the covering of a house laid horizontal, and covered with lead or 
other materiaL 

Flatting. In house printing, a mode of painting in oil, in which the surface is Idl, when 
finished, without any gloss. The material or paint is prepared with a mixture of oil 
of turpentine, which secures the colours, and when used in the finishing, leaves the paint 
quite dead. The process is of use where it is desirable that the surface printed should 
retain the colour. It is only used for inside work and in the best apartments. Nut oil 
may be used for the purpose, so may be poppy oil, both whereof are good media for the 
colour. 

Flemish Bond. Seep. 516. 

Flemish Bricks. A species of bricks used for paving, whereof seventy-two wpl pave a 
square yard ; they were originally imported from Flanders, are of a yellowish colour, 
and harder than common bricks. 

Flexibility. (Lat. Flecto.) That property of bodies which admits of their bending. It 
is opposed to stiffness on' the one hand, and brittleness on the other ; stiff bodies being 
such as resist bending, and brittle those which cannot be bent without a disruption of 
their parts. 

Flexure. The bending or curve of a line or surfece. The point of contrary Jlexure is 
that point of a curve where the curvature alters from convex to concave, or the reverse, 
as respects the first direction of the curve. 

Flight or Steps. In a staircase is the series of steps from one landing place to another. 
Thus, the same strircase between one floor and another may coimst of more than one 
flight of steps ; the flight being reckoned from landing to landing. 

Flint. A material often used in inferior building. Common flints are nearly pure rihco. 
They usually occur in irregular nodules in chalk. Their origin is still an unsolved 
geological problem. ^ , %_• 3 

Float. In plastering, a long rule with a straight edge, by which the work is reduced to 
a plane surfrce. 

Floated Lath and Plaster. Plastering of three coats, whereof the first is pneking-up^ 
see Book II. Chap. III. Sect 9. ; the second, floating or floated work; and the last, 
fine stuff 

Floated Work. Plastering rendered perfectly plane by means of a Float, which see, 
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Floatiko Screii>s» (Hie etymon, of screeds, being probably schierato, ranged.) Strips 
of plaster prevunisly set out on the work, at convenient intervals, for the range of the 
doating-role ot^oat. 

Floor. (Sax. Hope.) .The pavement or boarded lower horizontal surface of an apartment. 
It is constructed of earth, brick, stone, wood, or other materials. Carpenters include in 
the term the framed timber work on which the boarding is laid, as well as the boards 
themselves. In carpentry, it denotes the timbers which support the boarding, called also 
naked flooring (see p. 540.) and carcase flooring. The term floor is, moreover, applied 
to the stories of a building on the same level ; thus, we have basement floor, ground floor, 
&c. When there is no sunk story, the ground story becomes the basement floor ; the 
expressions, one pair, two pair, &c., implying a story above the first flight of stairs from 
the ground, and so on. The principal floor is that which contains the principal rooms ; 
generally in country houses on the ground floor, but in those of the town mostly on the 
one pair floor. 

Floor, folding or folded. One in which the floor boards are so laid that their joints do 
not ^pear continuous throughout the whole length of the floor, but in bays or folds of 
three, four, five, or more boards each. 

Floor Joists are those which support the boards of the floor ; but when the floor consists 
of binding and bridging joists, the bridgings are never called floor joists. For the better 
comprehension of the diflerent sorts of floors in carpentry, see p. 540, et eeq. 

Floor straight Joint. That in which the floor boards are so laid that their joints or 
edges form a continued line throughout the direction of their length ; in opposition to 
folMug floor, wherein the joints end m.fldds. 

Floors. See Book II. Chap. 11. Sect. 4. 

Florid Stvle. In Gothic architecture. See Book I. Chap. III. Sect. 5. 

Fldk, The long open tube of a chimney from the fire-place to the top of the shafr, for 
voidance of the smoke. See Chimnet. 

Fldzng. The same as Splayed, which see. 

Flush. *(hat. Fluxus.) A term used by workmen to signify a continuity of surfece in two 
bodies joined together. Thus, in joinery, the style, rails, and munnions are usually made 
flush ; that is, the wood of one piece on one side of the joint does not project or recede 
from that %n the other. 

Flush. In masonry or brick-work, the aptitude of two brittle bodies to splinter at the 
joints when the stones or bricks come in contact when contiguous in a wall. 

Flush. (Verb.) A term to denote the complete bedding of masonry or brick-work, in 
the mortar or cement used for the connection of the stones or bricks, so as to leave no 
vacant space where the stones or bricks do not nicely fit in their places. 

Flutes or Flutings. Upright channels on the shafts of columns, usually ending hemi- 
spherically at top and bottom. Their plan or horizontal section is sometimes circular 
or segmental, and sometimes, as in the Grecian examples, elliptical. The Doric column 
(see Book III, Chap. I. Sect, 4.) has twenty round its circumference; the Ionic, Co- 
rinthian, and Composite (see Sections 5, fl, and 7. of the same Chapter) have twenty- 
four. Hie Tuscan column is never fluted. Flutes are occasionally cabled. See Cable. 

Flyers. Steps in a flight of stairs that are parallel to each other. 

Flying Buttress, A buttress in the form of an arch, springing firom a solid mass of 
masonry, and abutting against the springing of another arch which rises from the upper 
points of abutment of the first. It is employed in most of the cathedrals, and its office 
is to act as a counterpoise against the vaulting of the nave. If fiying buttresses were 
built solid from the ground, it is obvious that they would interfere with the vista along 
the aisles of the church ; hence the project of continuing a resistance by means of arches. 
Their stability depends on the resistance afforded by the weight of the vertical buttress, 
whence they spring. See Arc-boutant and Buttress. 

Focus. In geometry and the conic sections, a point on the concave side of a curve, to 
which the rays are reflected from all points of such curve. 

Fodder or Fother, A weight among the plumbers of London of 1 9^ cwt. 

Fcekilia. (I^t.) See Gkanart. 

Foil, Di. See Architects, list of, 245. 

Fold of a Floor. See Floor. 

Folded Floor. See Floor. 

Folding Doors. Such as are made to meet each other from the opposite jambs to which 
they are hung ; and when they are rebated together, their edges meet folding over each 
other, with a bead at the joint, to give the appearance of one entire door. 

Folding Joint. A.joint made like a rule-joint or the joint of a hinge. 

Foliage. A sculptured group of the leaves of plants and flowers, so arranged as to form 
arcluteetural ornaments, as in friezes, panels, &c., and in the capitals of the Corinthian 
and Composite orders. 

Font. A vessel, generally d stone or water, for containing the water of baptism in the 
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Christian church. Some of the early fonts are extremely beautiful, and wrought with 
extraordinary richness of decoration. The singular inscription frequently foimd on the 
walls of baptisteries occurs also occasionally on ancfont fonts : NIYON ANOMHMATA 
MH MONAN OYIN, which, reading equally well both ways, admonishes the reader to 
cleanse himself from sin, not less than to use the outward ceremony of baptism. 

Fontana, Carlo. See Architects, list of, 266. 

Fontana, Dom. See Architects, list of, 242. 

Foot. (Germ, fuss.) A measure of length, but used also in a sense which expresses sur- 
face and solidity. Thus we say, a foot superjieial and a foot cvbe. As this term is used 
in almost all languages ^ a linear measure, it has doubtless been deriyed from the length 
of the human foot. It seems in all other countries, as in England, to be divided into 
twelve equal parts, or inches. 

The English standard foot (31 Edw. 1.) is =12 lineal English inches=36 barley- 
coms=16 digits =4 palms = 3 hands = 5^ n 2 uls=lj spans = 1*5151 Gunter’s links = 
*938306 ft. of France = *3047 met. of France. The foot is divided by geometricians 
into 10 digits, and each digit into 10 lines, &c. The French, as the English, divide the 
foot into 12 inches, and the inch into 12 lines. The foot square or superficial is a foot 
each way, and contains, therefore, 12x12 = 144 superficial inches =2 *295684 square 
links, llie glazier’s foot in Scotland = 64 square Scotch inches. 

The length of the foot varies in different countries. The Paris royal foot exceeds 
that of England by 9^ lines. The ancient Roman foot of the Capitol consisted of 4 
palms = 11-^ English inches. The Rhinland or Leyden foot, used by the northern 
nations of Europe, is to the Roman foot as 950 to 1000. The following table exhibits 
the length of the foot in the principal places of the Continent, the English foot being 
divided into 1000 parts, or 12 inches: — 



Country. 




Parts. 

Ft In. Lines. 

London 





1000 

0 12 

0 

Amsterdam 

. 

- 

. 

. 

942 

0 11 

2 

Antwerp 

. 

- 

- 

- 

946 

0 11 

3 

Bologna 

• • • 

- 

• 

• 

1204 

1 2 

4 

Bremen 

• • . 

- 

• 

. 

964 

0 11 

6 

Cologne 

- 

- 

. 

- 

954 

0 11 

4 

Copenhasen 

... 

• 

• 

. 

965 

0 11 

6 

Dantzic 

. 

. 

• 

. 

944 

0 11 

3 

Dort 

... 

. 

. 

. 

1184 

1 2 

2 

Frankfort-on-the- Maine 

. 

• 

. 

948 

0 11 

4 

Lorrain. - 

... 

. 

. 

. 

958 

0 11 

5 

Mantua - 

... 

- 

. 

. 

1569 

1 6 

8 

Mechlin 

... 

- 

. 

_ 

919 

0 11 

0 

Middleburgh 

- 

- 

- 

- 

991 

0 11 

9 

Paris royal foot, according to Greaves - - . 

according to Bernard - - - 

according to Graham, from the measure 

of half the toise of the Chatelet, the toise being six 
Paris feet ------ 

- according to Mounier - , - 

— from the two last - - . 

1068 

1066 

1065-416 

1065-351 

1065-4 

1 0 

1 0 

1 0 

9-7 

9*4 

9-4 

Prague - 

... 

- 

. 

. 

1026 

1 0 

3 

Rhinland or 

Leyden 

- 

- 

. 

1033 

1 0 

4 

Riga - 

... 

. 

. 


1831 

1 9 

9 

Rome - 

- . • 




967 

O 11 

6 

Strasburg 

- - - 



_ 

920 

0 11 

0 

Spanish - 

- - . 




lOOl 

1 0 

0 

Toledo - 

- - - 

_ 



899 

0 10 

7 

Turin - 

- 

- 

- 

- 

1T)62 

1 o 

7 

Venice - 

- - - 

_ 


. 

1162 

1 1 

9 

Greek - 

- - - 




1007 

1 0 

1 

Old Roman, according to Greaves 
— ' from 

the monument 

of 

967 

0 11 

6 

1 Statilius 

- 

- 

- 

- 

972 

oil 

7 


Mr. Raper (^PhUos. Tran$. vol. li.), from various authorities, determines the mean of 
the Roman foot to be nearly 968 parts of the London foot ; and he considers that before 
the reign of Titus the Roman foot exceeded of the XiOndon foot, and afterwards, in 
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the reigns of Severus and Diocletian, it short of 965. Cagnazzi, fix>m examination 
of the mcmom^ts of antiquity in Herculaneum and Pompeii, determines the Homan 
ibot at *39694 metre, which, the metre being 3*2808993 English fee^ would make 
the old Roman foot of the En^ish foot 

The Scotch is to the English foot as 1 *066 to 1 *000, bmng, in* foci, the French foot 
See Mxasorks. 

Foot of cux Ets Diascroa. In perspective, that point in the directing line made by a 
vertical plane passing through the eye and the centre of the picture. 

Foot of a vsariCAL Lime. In perspective, that point in the intersecting line which is made 
by a vertical plane passing through the eye and the centre of the picture. 

Foot Pace or Half Face. That part of a staircase whereon, after the flight of a few 
steps, you arrive at a broad place on which you may take two or three pac^ before you 
come to another step. If it occur at the angle turns of the stairs, it is called a quarter pace, 

Footimg Beam. The name given, in some of the provinces, to the tie beam of a roo£ 

Footimgs of a Wall. Projecting courses of stone at the base of a wall or building to 
spread the base, and give it security. 

Force. In mechanics, the course of motion in a body wh^n it b^ns to move, or wh^ it 
changes its direction from the course which it was previously moving. While a body 
remains in the same state, whether of rest or of uniform and rectilinear motion, the cause 
of its so remaining is in the nature of the body, which principle has received the name 
of iner^a. For the laws on the composition and resolution of forces, see p. 381, et seq. 

Force PuMr. See p. 584. 

Forcer, In mechanics, a solid piston applied to pumps for the purpose of producing a 
constant stream, or of raising water to a greater height than it can be raised by the 
pressure of the atmosphere. 

Fore Fromt. The principal or entrance front of a building. 

Fore Flame. In carpentry and joinery, the first plane used after the saw or axe. 

Foreshortem. In perspective, the dintinution which the representation of the side or part 
of a body has, in one of its dimensions, compared with the other, occasioned by the 
obliquity of the corresponding side or part of the original body to the plane of projection. 

Form. The external appearance or disposition of the surfoces of a body, in which sense it 
is synonymous with Figure, which see. 

Formekt. See Architects, list of, 221. 

Forum. (Lat.) In ancient architecture, a public market ; also a place where the common 
courts were held, and law pleadings carried on. The fora of the Romans were large 
open squares surrounded by porticoes, parts whereof answered for market-places, other 
parts for public meetings of the inhabitants, and other parts for courts of justice ; the 
forum was also occasionally used for shows of gladiators. There were in Rome seven- 
teen ; of these fourteen were for the sale of goods, provisions, and merchandise, and called 
Fora Venalia ; the other three were for civil and judicial proceedings, and called Fora 
CivUia et Judtcialia, Of the latter sort was the forum of Trajan, of which the Trajan 
column formed the principal ornament. 

Foumdatiom. (Fr. Fondation.) The lower part of a wall on which an insistent wall is 
raised, thmt which, too, it is always much thicker. See Book 11. Chap. III. Sect. 1. 

Founurt. a building in which various metals are cast into moulds or shapes. See 
Book II. Chap. III. Sect. 1 1. 

Fountazm. (Lat. Fons.) Any natural or artificial apparatus by means where<xf water 
springs up. la natural fountains the ascensional effect is produced by the hydrostatic 
pressure of the water itself; in artificial fountains, by the same sort of pressure, or by 
ffiat of compressed air, and sometimes by machinery. 

Fox Tail Wedgikg. A method of fixing a tenon in a mortise by splitting the end of the 
tenon and inserting a projecting wedge, then entering the tenon into the mortise, and 
driving it home. The bottom of the mortise resists the wedge, and forces it further into 
the tenon, which will expand in width, so as not only to fill the cavity at the bottom, but 
be firmly compressed by the sides of the mortise. 

Frame and Framimg. (&x. Fnamman, to form.) The rough timber work of a houses in- 
cluding floors, roofr, partitions, ceilings, and beams. Generally, any pieces (d* wood fitted 
together with mortises and tenons are said to be framed, as doors, sash-frames, sashes. &c. 

Framkimo. a term used by the makers of window-sashes, and applied to the mode of 
forming the joint when the cross-pieces of the frame intersect each other, no taoto wood 
bring cut away than is sufficient to show a mitre. 

Frrr Stone. Any stone which works freely, such as Portland stone, Bath stone, the 
limestones genetrily, &c. 

Freeze. See Frieze. 

Frehch Archizzcture. See Book I. Chap. II. Sect. 27. 

Fremct Casements. Windows turning upon two vertical edges attached to the jatitha, 
^lirii, when shut, together upon the other two parallel edges, and are fiistez^ by 
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means of long bolts extending their whole height. French casements are made in the 
form the old English window, the two meeting styles, which lap together, forming a 
munnion about 4 inches in breadth. The lower part only is mov^ible,.the upper being 
fixed, and having a corresponding munnion : the lower rail of the fixed part and the 
upper rail of the moveable part forming a transom. 

Fresco Painting. (It. Fresco, fresh.) A method of painting by incorporating the-colours 
with plaster before it is dry, by which it becomes as permanent as the wall itself. 

Frette or Fret. A species of ornament consisting of one or more small fillets meeting 
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in vertical and horizontal directions. (See^^. 1044.) The sections of the channels be> 
tween the fillets is rectangular. 

Friction. (Lat. Frico, I rub.) The resistance produced by the rubbing of the surfaces of 
two solid bodies against each other. 

Frieze, Freeze, or Frize. (Ital Fregio, adorned.) That member in the entablature of an 
order between the architrave and comice. It is always plain in the Tuscan ; ornamented 
with triglyphs and sculpture in the Doric ; in the modem or Italian Ionic it is often 
swelled, in which case it is said to be puloinated or cushioned ; and in the Corinthian and 
Composite it is variously decorated, according to the taste of the architect. 

Frieze op the Capital. The same as the Hypotrachelium, which see. 

Frieze Panel. The upper panel of a six-panelled door. 

Frieze Rail. The upper rail but one of a six-panelled door. 

Frigidarium. In ancient architecture, the apartment in which the cold bath was placed. 
The word is sometimes used to denote the cold bath itself. 

Frize or Frise. See Frieze. 

Front. (Lat. Frons.) Any side or face of a building, but more commonly used to denote 
the entrance side. 

Frontinus. See Architects, list of, 46* 

Frontispiece. (Lat. Frons and Inspicio.) The face or fore-front of a house, but the term 
is more usually applied to the decorated entrance of a building. 

Fronton, The French term for a pediment. 

Frosteil a species of rustic-work, imitative of ice, formed by irregular drops of water, 

Frowcester. See Architects, list of, 150. 

Frowey Timber. Such as works freely to the plane without tearing, whose grain there- 
fore is in the same direction. 

Frustum. (Lat.) In geometry, the part of a solid next the base, formed by cutting off the 
top, or it is the part of any solid, as a cone, a pyramid, &c., between two planes, which 
may be either parallel or inclined to each other. 

Fuccio. See Architects, list of 122. 

Fcga, See Architects, list of, 295. 

Fulcrum, (Lat.) In mechanics, the fixed point about which a lever moves. 

Funnel. (Lat. Infundibulum.) That part of a chimney contained between the fire-place 
and the summit of the shaft. See Chimney. 

Furnace. (Lat. Fornax.) An apparatus wherein is formed a cavity to contain combustible 
matter, which in various ways is supplied with air, to facilitate its combustion. The two 
claves into which furnaces are divided are air or wind furnaces and blast furnaces. In 
the former, the air is conducted through the fire by the draught of a funnel or chimney 
communicating with it ; in the latter, the action of bellows, or some other pneumatic 
apparatus, supplies the air. TTie word furnace has generally, however, a more circum- 
scribed application, being applied usually to an apparatus for the fusion of metals, or to 
that used in a chemical laboratory. 

Furniture. (Fr. Foumir, to furnish. ) The visible brass work of locks, knobs to doors, 
window-shutters, and the like. 

Furring. (Fr. Fourrer, to thrust in.) The fixing of thin scantlings or laths upon the edges 
of any number of timbers in a range, when such timbers are out of the surface they were 
intended to form, either from their gravity, or in consequence of an original deficiency of 
the timbers in their depth. Thus the timbers of a floor, though level at first, often- 
times require to be furred ; the same operation is frequently necessary in the reparation 
of old roof^ and the same work is required sometimes in new as well as old floors. 

Furrinos. The pieces of timber employed in bringing any piece of work in carpentry to 
a regular surface wlien the work is uneven, either through the sagging of the timber or 
other causea. 

Fusarole. (It.) A member whose section is that of a semicircle carved into beads. It is 
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generally placed under the echinus, or quarter round of columns in the Doric, Ionic, 
and Corinthian orders. 

Fussmns. See Architects, list of, 39. 

Fusrr. (Pr. Fut. ) The shaft of a column or trunk of a pilaster. 

Fust. A term used in Devonshire, and, perhaps, in some other counties, to signify the 
ridge of a house. 


G. 

Gable. (Brit. GaveL) The vertical triangular piece of at the end of a roo^ from the 
level of the eaves to the summit. 

Gabriel, J. A. See Architects, list of, 297. 

Gabriel, Jacques. See Architects, list of, 277. 

Gage, or Gauge. (Sax. Beessian, to bind or confine.) In carpentry or joinery, an instru- 
ment for drawing one or more lines on any side of a piece of stuff parcel to one of the 
arrisses of that side. Of this tool there are four sorts ; the common gage and the flooring 
gage (which are both applied to the drawing of a line parallel to an arris), the internal 
gage, and the mortise and tenon gage. 

This term is also used to signify the length of a slate or tile below the lap ; also the 
measure to which any substance is conflned. It is, moreover, used by plasterers to sig- 
nify a greater or less quantity of piaster of Paris used with common plaster to accelerate 
its setting. 

Gain. In carpentry, the bevelled shoulder of a binding Joist, for the purpose of giving ad- 
ditional resistance to the tenon below. 

Gainsborough. See Architects, list o^ 145. 

Gaznza. See Architects, list of, 222. 

Galilee. A porch usually built near the west end of abbey churches, where the monks 
collected in returning from processions, where bodies were laid previous to interment, 
and where females were allowed to see the monks to whom they were related, or to hear 
divine service. The galilees of Durham and Ely are found in the situation here de- 
scribed. The former is highly ornamented, and is eighty by fifty feet, and divided into 
five aisles by clustered columns and semicircular arches. The date of its erection was 
towards the end of the twelfth century. That of Ely Cathedral is much smaller. It is 
still used as the principal entrance to the church, and is without columns or other in- 
ternal support. The porch at the south end of the great transept at Lincoln Cathedral 
is also sometimes called a galilee. The word has been frequently used, but improperly, 
to designate the nave of a church. Many conjectures have been made on the origin of 
this term, but the most commonly received opinion, founded on a passage in the writings 
of St, Gervase of Canterbury, is, that when a female applied to see a monk, she was 
directed to the porch of the church, and answered in the words of Scripture, “ He goeth 
before you into Galilee, there shall you see him.” 

Galilei. See Architects, list of, 275. 

Gallebt. (Fr. Galerie.) An apartment of a bouse, for different purposes. A common 
passage to several rooms in any upper story is called a gallery. A long room for the re- 
ception of pictures is called a picture gallery. The platform on piers, or projecting from 
the wall of a church and open in front to the centr^ space is also called a gallery. The 
Whispering Gallery at St, Paul’s is another example of the various uses of the word. 
Hie whole or a portion of the uppermost story of a theatre is likewise called a gallery. The 
term is, moreover, used to denote porticoes formed with long ranges of columns on one side. 

Galu. See Architects, list o^ 27S. 

Gandon. See Architects, list o^ 315. 

Gaol. A prison, or place of legal confinement. See Book III. Chap. III. Sect. 18. 

Garden Sheds. Erections for contmning garden implements, flower-pote, hot-bed frames, 
and glass sashes, &c. ; also for working in during bad weather. They are best placed on 
the back wall of the tool-house, and thus hold the furnaces, fuel, and other articles. 

Garlands. (Fr.) Ornaments of flowers, fruit, and leaves anciently used at the gates of 
temples where feasts or solemn rejoicings were held. 

Garnets, Cross. A species of hinge used in the most common works, formed in the 
shape of the letter T turned thus £-♦ , the vertical part being fastened to the style or jamb 
of the doorcase, and the horizontal part to the door or shutter. 

Garret. The upper story of a house taken either partially or wholly from the space 
within the roof. 

Gabzia. See Architects, list of, 232. 

Gate. (Sax. Leac.) A large door, generally framed of wood. The width ofgates should be 
from eight and a half to nine feet, and the height from five to eight feet. The materials 
of gates should be well seasoned previous to use, otherwise they will be soon injured by 
the sun and wind. The parts should be also very correctly put together. For durability. 
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oak is the best ; but some of the lighter woods, as deal, willow, and alder, are, on 
account of their lightness, occasionally used. These, however, are more for field-bar gates 
than close gates. 

Gauge. See Gage. 

Gaveu The same as Gable, which see. 

Gathering of the Wings. See Chimney. 

Generating Curve. See Evolute. 

Generating Line or Plane. In geometry, a line or plane which moves according to a given 
law, either round one of its extremities as a fixed point or axis, or parallel to itself, in order 
to generate a plane figure, or solid, formed by the space it has gone over. 

Genesis. (Gr.) In geometry, the formation of a line, plane, or solid, by the motion of a 
point, line, or plane. See Generating Line. 

Genga. See Architects, list of, 212. 

Geometrical. That which has a relation to geometry. 

Geometrical Staircase. That in which the fiight of stairs is supported by the wall at one 
end of the steps. 

Geometry. (Gr. r??, the earth, and Merpojf I measure.) That science which treats of the 
objects of figured space. Its etymology implies the object of measuring land, that, as it 
is said, being its first application in Egypt, where it is pretended to have been invented, 
for ascertaining the landmarks after the yearly recession of the inundations of the Nile, 
in order to mark the proper allotment of each owner. Whatever the origin, however, of 
the term, the occasions on which it is necessary to compare things with one another in 
respect of their forms and magnitudes are so numerous in every stage of society, that a 
geometry more or less perfect must have existed from the first periods of civilisation. 
See Book II, Chap. I. Sect. 2. 

Geometry, descriptive. The art of representing a definite body upon two planes at right 
angles with each other, by lines falling perpendicularly to the planes from all the points 
of concourse of every two contiguous sides of the body, and from all points of its contour, 
and, vice versd, from a given representation to ascertain the parts of the original objects. 
See Book II. Chap, I. Sect. 6. 

Geometry, practical. See Book. II. Chap. I. Sect. 3. 

Germain, St. See Architects, list of, 57. 

Gibbs, J. See Architects, list of, 281. 

Gibbs, W. See Architects, list of, 188. 

Giblea Cheqde. a term used by Scotch masons to denote the cutting away of the right 
angle formed by the front and returns of the aperture of a stone door-case, in the form of 
a rebate or reveal, so as to make the outer side of the door or closure flush with the face 
of the wall. 

Gilding. The practice of laying gold leaf on any surface. See Book II. Chap. III. 
Sect. 12. 

Gill. A measure equal to one fourth of a pint. 

Gimbals, Gimbols, or Gimbles. (Lat. Gemellus.) A piece of mechanism consisting of 
two brass hoops or rings which move within one another, each perpendicularly to its 
plane, about two axes at right angles to each other. A body suspended in this manner, 
having a free motion in two directions at right angles, assumes a constantly vertical po- 
sition. 

Gimlet, or perhaps more properly Gimblet. (Fr. Guimbelet.) A piece of steel of a serai- 
cylindric^ form, hollow on one side, having a cross handle at one end and a worm or 
screw at the other. Its use is to bore a hole in a piece of wood. The screw draws the 
instrument into the wood when turned by the handle, and the excavated part, forming a 
sharp angle with the exterior, cuts the fibres across, and contains the core of the wood cutout. 

Giocondo. See Architects, list of, 182. 

Giorgio, Dl See Architects, list of, 161. 

Giovan Baftista di Toledo. See Architects, list of, 234. 

Giovanni da Pisa. See Architects, list of, 129. 

Girder (Sax. Iryjiban, to enclose.) The principal beam in a floor, for supporting the 
binding or other joists, whereby the bearing or length is lessened. Perhaps so called 
because the ends of the joists are enclosed by it. 

Girdle. A circular band or fillet surrounding a part of a column. 

Girt. The length of the circumference of an object, whether rectilinear or curvilinear, on 
its horizontal section. In timber measuring, according to some, is taken at one fourth 
of the circumference of the tree, and is so taken for the side of a square equal in area to 
the section of the tree cut through, where the perimeter is taken in order to obtain the 
girt. 

Glass. (Germ.) A transparent, impermeable, and brittle substance, whereof the different 
sorts used in building are described. Book II. Chap. II. Sect. 1 1. 

Glass Painting. A decoration frequently used in buildings, is the method of stainins 
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glaffi in such a manner as to produce the effect of representing all the subjects where<^ 
the art is susceptible. A French psunter of Marseilles is said to have been the first who ^ 
instructed the Italians in this art, during the pontificate of Julius II. It was, however, 
practised to a considerable extent by Lucas of Leyden and Albert Durer. The different 
colours are prepared as follows : — Black is pr<^uced by two thirds of iron scales or 
flakes, and the other third of small glass beads, or a substance called roccaglia by the 
Italians. White is prepared for by sand or small white pebble calcined, pounded, and 
then finely ground. One fourth part of saltpetre is added, and the mixture is then again 
calcined and pulverised, to which a little gypsum or plaster of Paris is added. Fellow is 
formed from leaf silver, ground and mixed in a crucible with saltpetre or sulphur ; then 
ground on a porphyry stone, and lastly, again ground with nine times the quantity of red 
ochre. Red, one of ^e most difficult of the colours to make, is prepared from litharge 
of silver and iron scales, gum Arabic, ferretta, glass beads, and bloodstone, in nearly equal 
quantities. Great experience is necessary to succeed in making this colour. Green is 
produced from os ustum one oimce, the same quantity of black lead, and four ounces of 
white lead, incorporated by the action of fire. When calcined, a fourth part of salt- 
petre is added, and, afrer a second calcination, a sixth more ; after which a third coction 
is made before using it. Azure, purple, and violet are prepared in a s imil ar manner to 
green, omitting the os ustum, and in its stead using sulphur for azure, perigueux for 
purple, and both these drugs for violet. Carnations, which are compounded colours, are 
calcined, and usually mixed with water. They must be finished part by part, and each 
with great dispatch, before the plaster dries, for there is little opportunity for blending. 
The lights cannot be heightened, but the shadows may, when they begin to dry, be a little 
strengthened. Promptitude and frcUity in execution are the great requisites for this 
method of painting. 

Glass Plate. Glass cast in plates and polished. See p. 510. 

The following is the Tariff of the Thames Plate Glass Company, Savoy Wharf, Strand, 
for Glass, since 1 S45, when the Duty was taken off : > 
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The above are the prices for glazing glass. For glass to be silvered, the prices are 
somewhat higher. ITie cost of silvering is 12j per cent, under 50L value, and 20 per 
cent, above that value. 

Glazier. An artisan whose employment is that of fitting and fixing the glass employed 
in a building. See Book II. Chap. III. Sect. 8. 

Glitz (from the Lat. Gluten.) A tenacious viscid matter made of the skins and hoofs 
of animals, for cementing two bodies together. Glue is bought in cakes, and is better 
the older the skin of the animal from which it is made. That which swells without dis- 
solving when steeped in water is the best. To prepare glue it should be broken into 
small fragments and then steeped in water about twelve hours. It should be then heated 
in a leaden or copper vessel till the whole is dissolved, stirring it frequently with a stick. 
After this it is put into a wooden vessel and remains for use. Good glue for external 
work is made by grinding as much white lead with linseed oil as will just the 

liquid of a whitish colour, and strong but not thick. 
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Glypu. ( Gr. rxwpu, I carve. ) A sunken channel, the term being usually employed in 
reference to a vertical one. From their number, those in the Doric order are called 
triglyphs. 

Glvttotheca. (Gr. rxt/^, and deposit.) A building or room for the preservation 

of works of sculpture. 

Gkeiss. a species of granite which, from excess of mica, is generally of a lamellar or slaty 
texture. It is a term used by the miners of Germany. 

Gnomox. {Gt. Ttfwfiuy.') An instrument for measuring shadows, and thereby determining 
the sun*s height. In dialling, it is the style of the dial, and its sh^ow marks the hour. 
It is placed so that its straight edge is parallel to the axis of the earth’s rotation. In 
geometry, a gnomon is that part of a parallelogram which remains when one of the 
parallelograms about its diagonal is removed ; or the portion of the parallelogram com- 
posed of the two complements and one of the parallelograms about the diagonaL The 
term is found in Euclid, but is now rarely used. 

GoccioLATOio. The same as Corona, which see. 

GotA, or Gula. (It.) The same as Cvma, which see. 

Goldcliff. See Architects, list of, 102. 

Gondouin. See Architects, list o^ 312. 

Goniometer. (Gr. Tcovia, an angle, and Merpta, I measure.) An instrument for measuring 
solid angles. 

Gonsalvo. See Archttects, list of, 1 18. 

Gorge. The same as Cavetto, which see. The gorgerin is a diminutive of the term. 

Gorgoneia. (Gr.) Key-stones carved with Gorgons* heads. 

Gothic Architecture. See Book I. Chap. II. Sect. 15. ; and same Book, Chap. III. 
Sections 2, 3, 4, and 5. 

Goufing Foukdations. a Scotch term, signifying a mode of securing unsoimd walls by 
driving wedges or pins under their foundations. 

Gouge. A chisel whose section is of a semicircular form. 

Government Offices. See Book III. Chap. III. Sect 5. 

Gradetti. The same as Annulets, which see. 

GaxcosTASfs. A hall or portico adjoining the Roman comitia, in which foreign ambassa- 
dors waited before entering the senate, and also whilst waiting the answer that was to be 
given to them. 

Grain. In wood or stone, is the line of direction in which either may be split trans- 
versely. 

Granart. (Lat Granum.) A building for storing com, especially that intended to be 
kept for a considerable time. Vitruvius calls those buildings intended for the preserva- 
tion of grain, granaria, those for hay Jknilia, and those for straw farrarim. The term 
horr^um was used by the Romans for denoting buildings not only for the preservation of 
corn, but for various other effects. 

Grand. A term used in the fine arts, generally to express that quality by which the 
highest degree of majesty and dignity is imparted to a work of art. Its source is, in 
form, freed from ordinary and common bounds, and to be properly appreciated requires 
an investigation of the different qualities by which great and extraordinary objects pro- 
duce impressions on the mind. 

Grange. A farm-yard or farmery, consisting of a farm-house and a court of offices for 
the different animals and implements used in ffirming, as also of bams, feeding houses 
poultry houses, &c. 

Granite. See Book II. Chap. II. Sect. 2. 

Graticulation. The division of a design or draught into squares, for the purpose of 
reducing it to smaller dimensions. 

Graveu a term applied to a well-known material of small stones, varying in size from a 
pea to a walnut, or something larger. It is often intermixed with other substances, as 
sand, clay, loam, flints, pebbles, iron ore, &c. 

Gravity. See Specific Gravity. 

Grecian Architecture. See Book I. Chap. II. Sect. II. 

Greee Cross. See Cross. 

Greek Masonry; The manner of bonding walls among the Grecians. See Masonry. 

Greenhouse. A building for sheltering in pots plants which are too tender to endure the 
open air the greater part of the year. It is constructed with a roof and one or more 
sides of glass, and being one constructed for luxury should not be far away from the 
dwelling-house, so that the greatest enjoyment may be had from it. At the same time 
it should, if possible, be near the ff ower-garden, as being of similar character in use. The 
length and breadth can only be determined by the wealth and objects of the proprietor. 
The best aspects are south and south east, but any aspect may, in case of necessity, be 
taken, if the roof be entirely of glass, and plenty of artificial heat be supplied. In those 
greenhouses, however, which j&ce the north, the tender plmits do not in winter succeed 
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so well, and a greater quantity of artificial heat must then be supplied, and the plants 
diould, in such case, be chiefly evergreens, and others that come into flower in the summer 
season, and grow and flower but little during the winter. The plants in greenhouses 
are kept in pots or boxes on stages or shelves, so as to be near and follow the slope 
the roof, and thus made more susceptible of the action of the sun’s rays immediately on 
passing through the glass. 

An orangery, from being constructed with a ceiled roo^ differs from a greenhouse ; it 
is, moreover, chiefly devoted to plants producing their shoots and flowers in the summer 
season, and in the open air ; the use of the orangery being merely to preserve them 
during the winter. The structure is more properly called a conservatory, though this 
term is now applied to buildings with glass roofs, wherein the plants are not kept in 
pots, but plants in the free soil, and wherein some are so reared as to grow and flower 
in the winter months. 

Gbsy Stocks, Bricks of the third quality of the best or tnalm bricks. See Book II. 
Chap. II. Sect. 10. 

Grinding. The act of taking off the redundant parts of a body, and forming it to its 
destined surfrce. 

Grindstone. A cylindrical stone, mounted on a spindle through its axis, with a winch- 
handle for turning it, to grind edge-tools. 

Grit Stone. One of various degrees of hardness ; mostly of a grey, sometimes of a yel- 
lowish, colour. It is composed of a siliceous and micaceous sand, closely compacted by 
an argillaceous cement, It gives some sparks with steel, is indissoluble, or nearly so, in 
acids, and vitrifiable in a strong fire. It is used for millstones more than for building. 

Groin. (Sax. Ljiopcn, to grow.) The line formed by the intersection of two arches, which 
cross each other at any angle. See Cross Vaulting, and Book II. Chap. I. Sect. 9. 

Groined Ceiling. One formed by three or more curved surfaces, so that every two may 
form a groin, all the groins terminating at one extremity in a common point. 

Groove. (Sax. Irparao, to dig.) A sunken rectangular channel. It is usually employed 
to connect two pieces of wood together, the piece not grooved having on its edge a 
projection or tongue, whose section corresponds to and fits the gropve. 

Grotesque. (Fr.) A terra applied to capricious ornaments which, as a whole, have no 
type in nature, consisting of figures, animals, leaves, flowers, fruits, and the like, all 
connected together. 

Ground Joists. Those which rest upon sleepers laid upon the ground, or on bricks, prop 
stones, or dwarf walls ; they are only used in basement and ground floors. 

Ground X^ine.* In perspective, the intersection of the picture with the ground plane. See 
Ground Plane. 

Ground Nxcise. One whose base or seat is on a level with the ground floor. 

Ground Plan. The plan of the story of a house level with the surface of the ground, or 
a few steps above it. It is not always the lowest floor, the basement being frequently 
beneath it. 

Ground Plane. In perspective the situation of the original plane in the supposed level 
of our horizon. It differs from the horizontal plane, which is said of any plane parallel 
to the horizon ; whereas the ground plane is a tangent plane to the surfoce of the earth, 
and is supposed to contain the objects to be represented. The term ground plane is used 
in a more confined sense than that of original plane, which may be any plane, whether 
horizontal or inclined. 

Ground Plate or Ground Sill. The lowest horizontal timber on which the exterior 
walls of a building are erected. It chiefly occurs in timber buildings, or in buildings 
whose outsi(fo walls are formed of brick panels with timber framings. 

Ground Plot. The plan of the walls of a building where they first commence above the 
* foundation, though more properly it is the piece of groimd selected to receive the 
building. For dwellings, its chief requisites are a healthy situation, a convenient supply 
of water, good drainage, a pleasant aspect, &c. If for trade or manufacture, it should be 
conveniently placed for receiving the raw material, and for exporting the articles 
manufoctured. 

Grounds. In joinery, certain pieces of wood attached to a wall, to which the finishings are 
fastened. Their surface is flush with the plastering. Narrow grounds are thc»e whereto 
the bases and surbases of rooms are fastened. Grounds are used over apertures, as well 
for securing the architraves as for strengthening the plaster. That the plaster may be 
kept firm, should the wood shrink, a groove is sometimes run on the edge of the ground 
next to the plaster, or the edge of the ground is rebated on the ride next to the wall, so 
that in the act of plastering the stuff is received into the groove or rebate, which prevents 
it from shifting when it becomes dry. 

Grouped Columns or Pilasters. A term used to denote three, four, or more columns 
placed upon the same pedestals. When two only are placed together they are said to be 
coupled. 
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Gkoctt. (Sax. Ljiut.) A semi-liquid mortar, composed of quicklime and fine sand, 
prepared and poured into the joints of masonry and brickwork, which process is called 
grouting. 

Growing Shore. See Dead Shore. % ^ ..... 

Gudgeon. The axle of a wheel, on which it turns and is supported. To diminish friction 
gudgeons are made as small as possible in diameter, consistent with their weight. They 
are ofren made of cast iron, on account of its cheapness, but wrought iron of the same 
dimensions is stronger, and will support a greater load. 

Gueule. a term synonymous with Cymatiom. 

Guilloche. ( Fr. ) An ornament in the form of two or more bands or strings twisting 
over each other, so as to repeat the same figure, in a continued series, by the spiral returning 
of the bands. The term is applied but improperly to Frets, which see. 

Gula. Synonymous with Cymatium, which see. 

Gulielmo. Sm Architects, list of, 99. 

Gundulfh. See Architects, list of, 87. 

Gunter’s Chain. One used for measuring land, and taking its name from its reputed 
inventor. It is 66 feet, or 4 poles, long, and divided into 100 links, each whereof is 
joined to the adjacent one by three rings ; the length of each link, including the adjacent 
rings, is therefore 7 *92 inches. The advantage of the measure is in the facility it affords 
to numerical calculation. Thus the English acre, coAtaining 4840 yards, and Gunter’s 
chain being 22 yards long, it follows that a square chain is exactly the tenth part of an 
acre, consequently the contents of a field being cast up in square links, it is only necessary 
to divide by 100,000, or to cut oflf the last five figures, to obtain the contents expressed 
in acr^. 

Gutt^, See Drops. 

Gutters and Guttering. Canals to the roofs of houses to receive and carry oflf rain- 
water. They are made either of lead or of tiles, which are either plain or concave ; these 
last are called gutter tiles, and so adapted to each other as to be laid with great 
ease. The Romans had gutters of terra cotta along the roofs of their houses, and 
the rain-water from them ran out through the heads of animals and other devices 
placed in the angles* and in convenient parts. Leaden gutters were known in the middle 
ages. 

Gymnasium. (Gr. Fu^ourtov, from Fu^or, naked.) Originally a space measured out and 
covered with sand for the exercise of athletic games. I'he gymnasia in the end became 
spacious buildings, or institutions, for the mental as well as corporeal instruction of 
youth. They were first erected at Lacedaemon, whence they spread, through the rest of 
Greece, into Italy. They did not consist of single edifices, but comprised several buildings 
anfi porticoes for study and discourse, for baths, anointing rooms, palaestras, in which the 
exercises took place, and for other purposes. 

Gtn^ceum. (Gr. FwoKeiOP, ) In ancient architecture, that portion of the Grecian house 
set apart for the occupation of the female part of the family. 

Gypsum. (Probably from Fi;, earth, and £v|^co, I concoct.) Crystals of native sulphate of 
lime. Being subjected to a moderate beat, to expel the water of crystallisation, it 
forms plaster of Paris, and, coining in contact with water, immediately assumes a solid 
form. Of the numerous species, alabaster is, perhaps, the most abundant. 

H. 

Hacks. In brickmaking (see p. 503.) the rows in which bricks are Imd to dry after 
being moulded. 

Hacking. In walling, denotes the interruption of a course of stones, by the introduction of 
another on a different level, for want of stones to complete the thickness. Thus ma kiy ig 
two courses at the end of a wall of the same height as one at the other. The last stone 
laid is often notched to receive the first stone of the other where the two heights com- 
mence. Hacking is never permitted in good work. The term is used more in Scotland 
than in England. 

Half Pace, See Foot Pace. 

Half Round. A semicircular moulding, which may be a bead or torus. 

Hall. (Sax. Hal.) A name applied indifferently to the first large apartment on entering 
a house, to the public room of a corporate body, a court of justice, or to a manor house. 

Vitruviiu! mentions three sorts of halls : the Tetrastyle, which has four columns sup- 
porting the ceiling ; the Corinthian, which has columns all round, and is vaulted ; and 
the Egyptian, which has a peristyle of Corinthian columns, bearing a second order with 
a ceiling. These were called ceci. In magnificent edifices, where the hall is larger and 
lofti^ than ordinary, and is placed in the middle of the house, it is called a saloon ; and 
a royal apartment consists of a hall or chamber of guards, a chamber, an anti-chamber, a 
cabinet chamber, and a gallery. 
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Halving. A method of Jommg timbers letting them into each other. It is preferable 
to morpnng^ even where the timbers do not pass each other, as they are less liable to be 
displaced by riirinking. . 

Ham. Properly a house or dwelling place ; also a street or villa^, whence it has 

beemne the final syllable to many of our towns, as NottingAom, BuckingAom, &c . ; hence, 
loo, hamUty the diminutive of Aam, is a small street or village. 

HASocea Beam. A beam acting as a tie at the feet of a pair of prineip^d rafters, but not 
extoiding so as to connect the opposite sides. Hammer beams are used chiefly in roofe 
constructed after the Gothic style, the end which hangs over, being frequently supported 
by a concave rib springing from the wall, as a tangent from a curve, and in its turn 
supporting another rib, forming an arch. The ends of hammer beams are often decorated 
with beads and other devices. 

Hand-rail of a Stair. A rail raised upon slender posts, called blusters, to prevent 
persons felling down the well hole, as also to assist them in ascending and descending. 

Handspike. A lever for raising a weight, usually of wood, and applied to the holes in a 
capstan head. 

Hangover. (Verb.) A term used to denote the condition of a wall when the top 
projects beyond the bottom. 

Hangings. Linings for rooms of arras, tapestry, paper, or the like. Paper hangings 
were introduced early in the seventeenth century. 

Hanging Stile of a Hoor. That to which the hinges are attached. 

Harlewin. See Architects, list of, 85. 

Harmonical Proportion. That which, in a series of quantities, any three adjoining terms 
being taken, the difference between the first and second is to the difference between the 
second and third, as the first is to the third. 

Harmds. (Gr. *ApfjLOs.') In ancient architecture, a tile used for covering the joint between 
two common tiles. 

Harness Room. A room wherein harness is deposited. It is absolutely requisite that it 
be dry and kept clean. Its situation should be near the stable it is destined to serve. 

Hassack. The provincial name for Kentish rag stone. 

Hatchet. (Fr. Hachette.) A small axe used by joiners for reducing the edges of boards. 

Haonches of an Arch. The parts between the crown and the springing. 

Hawk. A small quadrangular tool with a handle, used by a plasterer, on which the stuff 
required by him is served, for his proceeding with the work in progress. He has always 
a boy attendant on him, by whom he is supplied with the materi^. The boy in ques- 
tion is called a Hatok-hoy. 

Hawksmoor. See Architects, list of, 27S. 

Head. See Aperture. 

Head Jerkin. See Jerkin. 

Headers. In masonry, stones extending over the thickness of a wall ; and in brick- 
laying, the bricks which are laid lengthwi^ across the thickness of the wall are called 
header$. 

Heading Course. In brickwork and masonry, that in which the length of the stone or 
brick is across the thickness of the wall. 

Heading Joint. In joinery, the joint of two or more boards at right angles to the fibres, 
or in handrailing at right angles to the back ; this is so disposed with a view of con- 
tinuing the length of the board when too short. In good work the heading joints are 
ploughed and tongued, and in dadoes are, moreover, connected with glue 

Headway of Stairs. The clear distance, measured perpendicularly, from a given landing- 
place or s tair to the ceiling above, allowing for the thickness of the steps. 

Headwork. A name by which the beads and other ornaments on the keystones of arches 
is frequently designated. 

Heart Bond. In masonry, that in which two stones of a wall forming its breadth, have 
one stone of the same breadth placed over them. See Bond. 

Hearth. See Chimney. 

HriATwitB. Roof. A covering used in Scotland, by some considered superior to straw. 

Hebrew Architecture. See Book I. Chap. II. Sect. 6. 

Hecatompedon. (Gr.) A temple of a hundred feet in length. As applied to the 
Parthenon, for discovering the true length of the Greek foot. Stuart took considerable 
pains in the measurement of that temple. The results, as published by Revely, are as 
follow : — 

Eng. Inches. 

Length of the upper step, in front of tiie temple, gives for one foot - 12 *139 

From outside to outside of the angular columns • . . 12*095 

From centre to centre of the front columns ... 12*0982 

Length of the architrave - • . - . 12*0525 

Heek. The same as Rack. 
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Heel. A term used by workmen to denote a eytna r^eraa. 

Hesi. of a Raster. The end or foot that rests on the wall plate. 

Height. The peipendicular distance of the most remote part of a body from the plane 
on which it rests. 

Height of ak Arch. A line drawn from the middle of the chord or ^an to the 
intrados. 

Helicai. Line of a Hakdrail. The spiral line twisting round the cylinder, repre- 
senting the form of the handrail before it is moulded. 

Heliocaminus. (Gr. the sun, and Kofuvor, a frimace.) A chamber in the Roman 

houses which depended on the rays of the sun for warming it. 

Helix. (Gr. a kind of ivy whose stalk curls.) A small volute or twist under the 

abacus of the Corinthian capital, in which there are, in every perfect capital, ^teen, 
called also urtUa ; viz. two at each angle, and two meeting under the middle of the 
abacus, branching out of the caulicoU or stalks, which rise from between the leaves. 

Helpstone. See Architects, list 135. 

Hem. The spiral projecting part of the Ionic capital. 

Hemictcle. a semicircle ; the term is used architecturally to denote vaults of the cradle 
form, and arches or sweeps of vaults, constituting a semicircle. 

Hemisphere. In geometry, the half of a globe or sphere, when divided by a plane passing 
through its centre. 

Hemitrigltph. a half triglyph. 

Henry of Blois. See Architects, list of^ 92. 

Henry Latomus. See Architects, list of, 134. 

Heptagon. (Gr.) A geometrical figure of seven sides and angles. 

Hermitage. A small hu^or dwelling in an unfrequented place, occupied by a hermit. 

Hermodorus. See Architects, list of, 30. 

Hermogznes. See Architects, list of, 2. 

Herrera. See Architects, list of, 236. 

Herring Bone Wore. A disposition of bricks or stones laid diagonally 
(see diagram in the margin), each length receiving the end of the adjoining 
brick or stone. See Ashlar. 

Hewn Stone. That which is reduced to a given form by the use of tbe mallet and 
chisel. 

Hexaedrok or Cube. (Gr. *£|, six, and '£$pa, seat.) One of the five regtilar solids, so 
called from its having six faces or seats. 

Hexagon. ('E| and Votvta, angle.) In geometry, a plain figure bounded by six straight 
lines, which, when equal, constitute tbe figure a regular hexagon. 

Hexastyle. (Gr. *£^ and Htv\o 5, column.) That species of temple or building having rix 
columns in front. See Colonnade. 

Hick-joint Pointing. That species of pointing in which, after the joints are raked out, 
a portion of superior mortar is inserted between tbe courses, and made perfectly smooth 
with the surfece. See Pointing. 

Hieroglyphics. ("Upos, sacred, and TXv^, I engrave.) Sculpture or picture writing, 
which has obt^ed the name from being most commonly found on sacred building. 
They consist in the expression of a series of ideas by representations of visible objects. 
The name is, however, more particularly applied to a species of writing used by the 
ancient Egyptians, which, according to Champollion, was of three different varieties of 
characters : — 1. The hieroglyphic, properly so called, wherein the representation of the 
object conveys the idea of the object itself 2. That in which the characters represent 
ideas by images of visible objects iLsed as symbols. 3. That consisting of phonetic 
characters, in which the sign does not represent an object but a sound. 

Hindoo Architecture. Indian Architecture, Book I. Chap. 11. Sect. 6. 

Hinges (from Hang). The metal joints upon which any body turns, such as doors, 
shutters, &c. There are many species of hinges, which are described in Book II. 
Chap. III. Sect 5. 

Hip. a piece of timber placed between every two adjacent inclined sides of a hip roof, 
for the purpose of receiving what are called the jack rafters. 

Hip Mould.* A term used by some workmen to denote the back of the hip ; by others 
it is used to signify the form or pattern by which the hip is set out. 

Hip or Hipped Roof. A roof whose return at the «nd of a building rises immediately 
from the wall plate with the same inclination as the adjacent sides. The iNiek of a hip 
is the angle made on its upper edge, to range with the two sides or planes of the roo^ 
between which it is placed. The^ci rafters are those short rafters which are shorter 
than the full-sized ones to fill in agmnst the hips. 

Hip or Corner Tiles are those used at the hips of roofe ; they are ten inches long, and of 
appropriate breadth and thifflrnpgftj and bent on a mould before burning. 

Hippodrome. (Gr. 'Imror, a horse, and ^opos, a couree.) In ancient architecture, a place 
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apprc^riated by the Greeks to equestrian exercise and one in whicli the prizes were 
ccMitended for. The most celebrated of these was at Olympia. It was four stadia (each 
6^ Sect) fong, and one stadium in breadth. 

Hoaed. (Sax. Uopb, to keep.} A timber enclosure round a building, in the course of 
erection or under repair. 

Hod. An utensil employed by labourers for carrying mortar or bricks. 

Holdfast. A long nail, with a flat short head for securing objects to a walk 

Holland. See Architects, list of, 307. 

Hollow. A concave moulding, whose section is about the quadrant of a circle ; called, 
sometimes, by the workmen a casement. 

Hollow Newel. An opening in the middle of a staircase. The term is used in contra- 
distinction to solid newel, iuto which the ends of the steps are built. In the hollow 
newel, or well hole, the steps are only supported at one end by the surrounding wall of 
the staircase, the ends next the hollow being unsupported. 

Hollow Quoins. Piers of brick or stone made behind the lock gates of canals. 

Hollow Wall. One built in two thicknesses, leaving a cavity between them for the pur- 
pc^ o£ saving materials, or for preserving an uniform temperature in an apartment. 

Homestall. a mansion house, or seat in the country. 

Homologous. In geometry, the correspondent sides of similar Bgures. The areas and 
solid contents of such figures are likewise homologous. 

Hontanon, Giov. Gil. de. See Architects, list of, 205. 

Honxanon, Roderigo, Gil de. See Architects, list of, 208. 

Hoo. See Architects, list of, 1 14, 

Hook. (Sax. Hoce.) A bent piece of iron, used to fostea bodies together, or whereon to 
hang any article. They are of various kinds. 

Hooke. See Architects, list of, 265. 

Hooepins. The same as Draw Borepins, which see. 

Horizontal Cornice. The level part of the comice of a pediment under the two inclined 
cornices. 

Horizontal Line. In perspective, the vanishing line of planes parallel to the horizon. 

Horizontal Plane. A plane passing through the eye parallel to the horizon, and pro> 
ducing the vanishing line of all level planes. 

Horizontal Projection. The projection made on a plane parallel to the horizon. This 
may be understood perspectlvely, or orthographically, according as the projecting rays 
are directed to a given point, or perpendicular to a given point. 

Horn* A name sometimes given to the Ionic volute. 

Horeeum. See Granart. 

Horse Block. A square frame of strong boards, used by excavators to elevate the ends of 
their wheeling planks. 

Horse Run. A contrivance for drawing up loaded wheelbarrows of soil from the deep 
cuttings of foundations, canals, docks, &c., by the help of a horse, which goes backwards 
and forwards instead of round, as in a korse~^in. 

Horseshoe Arch. See p. 55. 

Horwood. See Architects, list 152. 

Hospital. See Book III, Chap. III. Sect. 17. 

Hostel Hotel. (Fr.) Anteng us this word is used to denote a large inn, or place of 
public entertainment ; hut on the Continent it is also used to signify a large house or 
palace. 

Hot House. A general term for the glass buildings used in gardening, and including 
stoves, greenhouses, orangeries, and conservatories. Pits and frames are mere garden 
structures, with gl^ roofs, the sides and ends being of brick, stone, or wood, but so 
low as to prevent entrance into them; they cannot therefore be considered as hot- 
houses. 

House. (Germ. Hause.) A human habitation or place of abode of a Amily. Among the 
nations of the east and of the south, houses are flat on the top, to which ascent is general 
on the outside. As we proceed northward, a declivity of the roof becomes requisite to 
throw off the rain and snow, which are of greater continuance in higher latitudes. 
Amongst the ancient Greeks, Romans, and Jews, the houses usually enclosed a 
quadrangular area or court, open to the sky. This part of the house was by the Romans 
eriled the impiutfittm or cavcedium, and was provided with channels to carry off the waters 
into the sewers. Both the Roman and Greek house is described by Vitruvius, to whose 
work we must refer tiie reader for further information on these heads. The word house is 
used in various ways ; as in the phrase^ “ a religious house,” either the buildings of a 
monastery, or the community of persons inhabiting them may be designated. In the 
middle ages, when a family retired to. the lodge connected with the mansion, or to their 
country seat, it was called “ keeping their secret bouse.** Every gradation of building 
for habitation, from the cottage to the palace, is embraced by the word house, so that to 
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give a full account of the requisites of each would occupy more space than could be 
devoted to the subject in this place ; the reader must therefore refer to Book III. Chap. 
III. Sects. 20 to 24. inclusive. 

Housing. The space taken out of one solid for the insertion of the extremity of another, 
for the purpose of connecting them. Thus the string board of a stmr is most frequently 
notched out for the reception of the steps. 

Hotel. An open shed for sheltering cattle, for protecting produce or materials of different 
kinds from the weather, or for performing various country operations during heavy 
rains, foils of snow, or severe frosts. 

Hovelling. A mode of preventing chimneys from smoking, by carrying up two sides 
higher than those less liable to receive strong currents of air ; or apertures are left on 
all the sides, so that when the wind blows over the top, the smoke may escape below. 

Hue. In painting, any degree of strength or vividness of colour, from its greatest or 
deepest to its weakest tint. 

Hund&ed of Luie. a denomination of measure which, in some places, is equal to thirty- 
five, in others to twenty-five, heaped bushels or bags, the latter being the quantity 
about London, that is, one hundred pecks. The hundred is also used for numbering, 
thus deals are sold by the long hundred, or six score. Pales and laths are sold at five 
score to the hundred if five feet long, and six score if only three feet long. The 
hundred weight is 112 lbs. avoirdupois; the long hundred weight is 120 lbs. ; so that the 
former is to the latter as *93333 to 1. 

Hung, double and single. A term applied to sashes; the first when both the upper 
and lower sash are balanced by weights, for raising and depressing, and the last when 
only one, usually the lower one, is balanced over the pulleys. 

Hut. a small cottage or hovel, generally constructed of earthy materials, as strong loamy 
clay, &c. 

Hydraulics. (Gr. ‘T5wp and Au\os, a pipe.) That branch of natural philosophy which 
treats of the motion of liquids, the laws by which they are regulated, and the effects 
which they produce. By some authors the term hydrodynamics is used to express the 
science of the motion of fluids generally, whilst the term hydraulics is more particularly 
applied to the art of conducting, raising, and confining water, and to the construction 
and performance of waterworks. 

Hydrostatics. (Gr. *T5«p and 2raw, I stand.) The science which explains the properties 
of the equilibrium and pressure of liquids. It is the application of statics to the pe» 
culiar constitution of water, or other bodies, existing in the perfectly liquid form. The 
following is the fundamental law whereon the whole doctrine of the equilibrium and 
pressure of liquids is founded : when a liquid mass is in equilibrium under the action 
of forces of any kind, every molecule of the mass sustains an equal pressure in all 
directions. 

Htlmer. See Architects, list of, 177. 

Hypasthral. (Gr. 'Tiro, under, and Ai^ijp, the air.) A building or temple without a 
roof. The temples of this class are arranged by Vitruvius under the seventh order, 
which had ten columns on each .front, and surrounded by a double portico as in dipteral 
temples. The cell was without roof, whence the name, but it generally had round it a 
portico of two ranges of columns, one above the other. See Temple. 

Hyperbola. (Gr. ‘Tvep, over, and BoAAft’, t throw.) One of the conic sections, being 
that made by a plane cutting the opposite side of the cone produced above the vertex, 
or by a plane which makes a greater angle with the base than the opposite side of 
the cone makes. 

Hyperbolic Conoid or Hyperboloid. A solid formed by the revolution of an 
hyperbola about its axis. See Conoid. 

Hyperbolic Cylindroid. A solid formed by the revolution of an hyperbola about its 
conjugate axisj^ line through the centre, perpendicular to the transverse axis. 

Hyperthyrum. (Gr. 'Tirep and Gvpo, a door. ) The lintel or cross-piece of the aperture 
of a doorway. 

Hypocaustum. (Gr. 'Two, under, and Kcuo’, I bum.) In ancient architecture, a vaulted 
apartment, from which the heat of the fire was distributed to the rooms above by means 
of earthen tubes. This contrivance, first used in baths, was afterwards adopted in private 
houses, and is supposed to have diffused an agreeable and equal temperature through- 
out the different rooms. 

Hypog^um. (Gr.) A term applied among the ancients to those parts of a building 
which were below the level of the ground. 

Hypopodium. a footstool used in the ancient baths. 

Hyposcenium. In ancient architecture, the front wall of the theatre, focing the orchestra 
from the stage. 

Hypotrachelium. (Gr. 'Two, under, and Tpoxi|Aoy, the neck.) The slenderest part of 
the shaft of a column, being that immediately below the neck of a capital. 
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Ice House. A subterriuiean depot for preserving ice dimng the winter. The most important 
advice that be given to the builder of an ice house is, that it be so thoroughly capable 
of drainage, from the lowest point of its door, as to permit no water ever to collect upon 
it ; this accomplished, no difficulty will, with common precaution, prevent the preserva- 
tion of the ice. The aspect of such a building should be towards the south-east, that the 
morning sun may expel the damp air which is more prejudicial than warmth. If 
possible, it should be placed on a declivity for the facility of drainage. At the end of 
the drain which is to carry away the water arising from the melted ice, a perfect air trap 
should be placed, to prevent all communication between the external and internal air, 
from which trap the water should be carried off without the possibility of obstruction. 
With respect to the dimensions and form of the ice house, the former must depend on 
the size of the establishment, which, if very large, will require one of a medium diameter, 
from fifteen to twenty feet ; if moderate, one from eight to fifteen feet will be lar^ 
enough. The best form is the frustum of an inverted cone, ten to twenty feet deep, 
bricked round, and with double walls, a cavity of four inches being left between them. 
The ice is sustained on a grated floor, through which the water is rapidly carried off 
by the drainage first mentioned. The ice is best collected during the severest part of 
the frost, and should be pounded as laid in the ice house, besides being well rammed down 
as it is put in. Snow however, hard rammed, will answer when ice cannot be obtained. 

IcHNOcaAPHY. (Gr, a model, and Vpatpaf 1 draw.) The representation of the 

ground plot of a building. In perspective, it is its representation, intersected by an 
horizontal plane at its base or grouodfloor. 

IcosAEDROK. (Gr. EiKOfTt, twenty, and 'ESpo, seat. ) One of the five regular or platonic 
bodies, bounded by twenty equilateral and equal triangles. It may be regarded as con- 
sisting twenty equal and similar triangular pyramids, whose vertices all meet in the 
same point ; and hence the content of one of these pyramids, multiplied by twenty, gives 
the whole content of the icosaedron. 

Ictinus. See Abcbitbcts, list of, 12. 

Image. In perspective, the scenograpbic or perspective representation of an object. See 
Perspective in the body of the work, Book 11. Chap. IV, Sect. 2, 

Imbow. (Verb.) To arch over or vault. 

Impages. A term used by Vitruvius (lib. iv. c.6.), which has usually been considered as 
meaning the rails of a door. 

Imperial. (Fr.) A species of dome, whose profile is pointed towards the top, and widens 
towards the base, thus forming a curve of contrary flexure. 

Impetus. (Lat.) In mechanics, the same with momentum or force. 

Impluvium. (Lat.) In ancient architecture, the outer part of the court of a house which 
was exposed to the weather. In the su mm er time, it was the practice to stretch an 
awning over it. 

Impost. (Lat. Impono, I lay on.) The capital of a pier or pilaster which receives an arch. 
It vari^ in the different orders ; sometimes the whole of the entablature serves as the 
impost to an arch. The term is applicable to any supporting piece. An impost is said 
to be mutilated wfaeix its projection is diminished, so that it does not exceed that of the 
adjoining pilaster which it accompanies. 

Inbond Jambstone. A bondstone laid in the joint of an aperture. 

Incxrtum. (Lat.) A term used by Vitruvius to designate a mode of building which con- 
sisted of small rough stones and mortar, and whose face exhibited irregularly formed 
masonry, not laid in horizontal courses. See Masonry. 

Inch. A measure of length, being the twelfth part of a foot. 

Incukation. (X.at.) The approach of one lin^ which if continued will meet another or 
the same of two planes. 

Incunei} Plane. One of the five simple mechanical powers, wh<^ theoiy is deduced frxma 
the decomposition of forces. See p. 389 * 

Incrustation. (Lat.) Anything, such as mosme, scagliola, &c., applied by some connect- 
ing medium to another b^y. 

Indefinite. (Lat.) Anything which has only one extreme, whence it may be produced 
infinitely as it is produced i^m such extreme. 

Indented. (Lat ) Toothed together, that is, with a projection fitted to a recess. 

Indian Architecture. See B^k I. Chap. II. Sect. 6. 

Induration. (Lat) A term applied to the firmer consistence which a body acquires firom 
various causes. 

iNSRnA. (Lat Iners.) A term applied to that law of the material world which is known 
to predicate tb^ all bodies are absolutely passive or indifferent to a state of rest or mo- 
tion, and would continue in those states unless disturbed by the action of some extrinsic 
force. Inertia is <me of the inherent properties of matter. 
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Infinite. (Lat. Infinitus» boundless.) In geometry, that which is greater than anyassign> 
able magnitude ; and as no such quantities exist in nature, the idea of an infinite quan- 
tity can only, and that most imperfectly, exist in the mind by excluding all notions of 
boundary or space. 

Infirmabt. a public building tor the reception of the sick ; but the term is more gene- 
rally used to denote a sick-ward or building attached to some public establishment. 

Inlaying. The art of laying on some under sur&ce a totally different kind of work to that 
which the original surface would present. Thus the materials are of no consequence : in 
stone the inlaying may be of mosaic work or in small pieces, as in wood it may be 
in patterns made out by different sorts of woods, which is called marquetry^ or by some, 
parquetry. Veneering is also a species of inlaying. 

Inner Plate. The wall plate, in a double-plated roof, which lies nearest the centre of the 
roof; the side of the other wall plate, called the outer plate^ being nearer the outer sur- 
of the wall. 

Inner Square. The edges forming the internal right angle of the instrument called a square. 

Inserted Column. One that is engaged in a walk 

Instruments, mathematical. Those used for describing mathematical diagrams and draw- 
ings of every description, when the figures or elementary parts of them are composed of 
straight lines, circles, or portions of them. The indispensable instruments for such opera- 
tions are, a drawing pen, a pair of plain compasses, commonly called dividers, a pair of 
drawing compasses, a portcrayon and pencil foot, a pair of how, of triangular, and of propor- 
tional compasses, a protractor, in the form of a semicircle or rectangle, graduate on the 
edges, a plain scale, and a parallel rule. 

Insular or Insulated Building. Such as stands entirely detached from any other. 

Insulated Column. One detached from a wall, so that the whole of its surface may be seen. 

Intaglio. (It.) Sculpture in which the subject is hollowed out, so that the impression 
from it would present the appearance of a bas-relief. 

Intavolata. The same as Cymatium, which see. 

Intercepted Axis. In conic sections, that part of the diameter of a curve comprehended 
between the vertex and the ordinate. It is also called the abscissa, and forms an arch 
of a peculiar kind. 

Intercolumniation. (Lat. Inter, between, and Columna, a column. ) The distance between 
two columns measured at the lower part of their shafts. It is one of the most important 
elements in architecture, and on it depends the effect of the columns themselves, their 
pleasing proportion, and the harmony of an edifice. Intercoluroniations are of five spe- 
cies, systyhs, diastylos, arceostylos, and eustyhs, under which several terms each is 

defined. The subject is also found more largely treated of in Book III. Chap I. Sect. 9. 

Interdentels. The space between two dentels. From a comparison of various examples, 
it seems that the Greeks placed their dentels wider apart than the Romans. In the 
temple of Bacchus at Teos, the interdentel is two-thirds the breadth of the dentel, and 
in that of Minerva Polias at Priene, the interdentel is nearly three-fourths. In the 
temple of Jupiter Stator at Rome, the interdentels are equal to half the breadth of the 
dentel. 

Interior Angle. An angle formed within any figure by two straight lined parts of the 
perimeter or boundary of the figure, the exterior angle being that which is formed in 
producing a side of the perimeter of the figure. The term is also applied to the two 
angles formed by two parallel lines, when cut on each side of the intersecting line. 

Interior and opposite Angles. An expression applied to the two angles formed by a 
line cutting two parallels. 

Interjoist. The space or interval between two joists. 

Intkrmodillion. The space between two modillions. 

Internal Angle. See Interior Angle. 

Interpilaster, The space between two pilasters.. 

Interqcarter. 'Mie interval between two quarters. 

Interties. Short pieces of timber used in roofing to bind upright posts together, in roofr, 
partitions, in lath and plaster work, and in walls with timber framework. 

Intrados. The interior and lower line or curve of an arch. The exterior or upper curve 
is called the extrados. See Arch. 

Invention, (Lat. Invenio, I find.) In the fine arts, the choice and production of such 
objects as are proper to enter into the composition of a work of art. “ Strictly speak- 
ing,” says Sir Joshua Reynolds, “ invention is little more than a new combination of 
those images which have been previously gathered and deposited in the memory : nothing 
cad come of nothing: he who has laid up no materials can produce no combinations.” 
Ibough there be nothing new under the sun, yet novelty in art will be attainable till all the 
combinations of the same things are exhausted, a circumstance that can never come to pass. 

Inverted Arch. One wherein the lowest stone or brick is the key-stone. It is used in 
foundations, to distribute the weight of particular points over the whole extent of the 
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fbimdatiion, and hence its employment is frequently of the first importance in constructive 
architecture. ^ 

Involute. See Evolute, 

Inward Angle. The re>entrant angle of a solid. See Internal Angle. 

Ionic Order. See Book III. Chap. I. Sect 5. 

Iron. See Book II. Chap. II. Sect. 5. 

Ironmongery. See Book II. Chap. III. Sect. 10. 

Irregular Figure. One whose sides, and consequently angles, are unequal to each other. 
IsAGON. (Gr. Iffosy equal, and Tavta, an angle.) A figure with equal angles. 

IsEMBERT. See Architects, list of, 105. 

IsiDORus. See Architects, list of, 62. 

IsiDORUs OF Byzantium. See Architects, list of, 64. 

IsoDOMUM. (Gr.) One of the methods building walls practised by the Greeks. It 
was execute in courses of equal thickness, and with stones of equal lengths. The other 
method, called pseudisodomian, in which the heights, thicknesses, and lengths of the stone 
were difierent. There was. another mode called Emplecton, which see. 

Isosceles Triangle. One in which two of the sides are of equal length. 

IvABA. See Architects, list of, 220. 


J- 

Jack Arch. One whose thickness is only of one brick. 

Jace Plane, A plane about eighteen inches long, used in taking ohTthe rough surface 
left by the saw or that of the axe, and of taking off large protuberant parts, to prepare 
the stuff for the trying plane. 

Jack Rafter. See Hip Roof. 

Jack Ribs. Those in a groin, orin a polygonally-domed ceiling, thatare fixed upon the hips. 

Jack Timber. Any one interrupted in its length, or cut short. 

Jasab Linings. The two vertical linings of a doorway which are usually of wood. 

Jamb Posts. Those introduced on the side of a door, to which the jamb linings are fixed. 
They are particularly used when partitions are of wood. 

Jams Stones. In stone walls are those which are employed in building the sides of aper- 
tures, in which every alternate stone should go entirely through the thickness of the wall. 

Jambs. (Fr.) The sides of an aperture which connect the two sides of a wall. See 
Apebtube and Chimney. 

James, John. See Architects, list of, 228. 

Jean d^Echblles. See Architects, list of, 115. 

Jerein Heao. The end of a roof not hipped down to the level of the opposite adjoining 
walls, the gable being carried higher than the level of those walls. 

Jib Door. A door so constructed as to have the same continuity of surfoce with that of 
the partition or wall in which it stands. Its use is to preserve an unbroken surface in 
an apartment where one door only is wanted nearer to one end of a room than another, 
and generally for the purpose of preserving uniformity. 

Joggle. The joint of two bodies so constructed as to prevent them sliding past each other, 
by the application of a force in a direction perpendicular to the two pressures by which 
they are held together. Thus the struts of a roof are joggled into the truss posts and into 
the rafters. When conhned by mortise and tenon, the pressure which keeps them to- 
gether is that of the rafter and the reaction of the truss post. The term is also used in 
masonry to signify the indentation made in one stone to receive the projection in another, 
so as to prevent ^ sli^ng on the joints. This may be also accomplished by mpang of 
indepen^nt pieces of material let into the adjacent stones. 

Joggle Piece. The truss post in a roof when formed to receive a brace or strut with a 

joggle. 

Johannes of Miletus. See Architects, list o^ 65. 

John of Padua. See Architects, list of^ 187. 

Joiner. The artisan who joins wood by glue, framing, or nails, for the finishings of a 
building. 

Joinery. 'Ihe practice of framing or joining wood for the internal and external finishings 
of houses ; thus the covering and lining of rough walls, the covering of rough timbers, 
the m^ufacture of doors, shutters, sashes, stairs, and the lik^ are classed under the head 
of joinery. See Book 11. Chap. III. Se^. 6. 

Joint. The surface of separation between two bodi^ brought into contact and held firmly 
tc^ether, either by some cementing medium, or by the weight of one body lying on 
another. A joint, however, is not merely the of two surfoces, though the nearer 

they approach the more perfect the joint. In masonry, the distances of the planes in- 
tended to form the joint is comparatively considerable, because of the coarseness of the 
particles which enter into the composition of the cement. 
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JoiKTEB. \r\ joinery is the largest plane used by the joiner in straightening the face of the 
edge of the stuff to be prepared. In hrieklayingy it is a crooked piece of iron forming two 
curves of contrary flexure by its edges on each side, and is used for drawing, by the aid 
of the jointing rule, the coursing and vertical joints of the work. 

Jointing Rule. A straight edge used by bricklayers for the regulation of the direction 
and course of the jointer in the horizontd and vertical joints of brickwork. 

Joists. (Fr. Joindre.) The timbers whereto the boards of a floor or the laths for a ceiling 
are n^ed. They rest on the walls or on girders ; sometimes on both. When only 
one tier of joists is used, the assemblage is called gingle-jiooring ; when two, double^ 
fiooring, 

Jones, Inigo. See Aechitects, list of, 252. 

JuFFEEs. An obsolete terra for pieces of timber four or five inches square. 

Jump. An abrupt rise in a level course of brickwork or masonry to accommodate the 
work to the inequality of the ground. Also in quarrying^ one among the various names 
given to the dislocations of the strata in quarries. 

Jumper. A long iron chisel used by masons and miners. 


K. 

Keep or Keep Tower. A term almost synonymous with donjon. See Castle. 

Kendall. See Architects, list of, 166. 

Kent. See Architects, list of, 282 . 

Kerf. The way made by a saw through a piece of timber, by displacing the wood with 
the teeth of the saw. 

Key. (Sax. Caege.) An instrument for driving back the bolt of a lock. 'The key of a 
floor is the board last laid down. In joinery generally a key is a piece of wood let into 
the back of another in the contrary direction of the grain, to preserve the last from warping. 

Key Stone. The highest central stone of an arch. See Arch. 

Keyed Dado. That which has bars of wood grooved into it across the grain at the back 
to prevent its warping. 

Keyes. See Architects, list of, 151. 

Keys. In naked flooring are pieces of timber fixed in between the joists by mortise and 
tenon. When these are fastened with their ends projecting against the sides of the joists, 
they are called strutting-pieces. 

Kilderkin. A measure containing eighteen gallons of beer, and sixteen ale measure. 

Kiln. A building for the accumulation and retention of heat in order to dry or burn 
certain materials deposited within them. 

King Post. The centre post in a trussed roofi See Crown Post. 

Kirb Plate. See Curb Plate. 

Kirb Roof. See Curb Roof. 

Kitchen. (Fr. Cuisine.) The apartment or oflSce of a house wherein the operations of 
cookery are carried on. 

Knee. A part of the back of a handrailing, of a convex form, being the reverse of a ramp, 
which is also the back of a handrail, but is concave. The term knee is also given to 
any small piece of timber of a bent or angular form. 

Knee Piece or Knee Rafter. An angular piece of timber, to which other pieces in the 
roof are fastened. 

Knotting. The preliminary process in painting, to prevent the knots appearing, by cover- 
ing them with a coat composed of red lead, then white lead and oil, and lastly, a coat of 
gold size. Sometimes leaf silver is also used. 

Knuckle. The joint of a cylindrical form, with a pin as an axis, by which the straps of a 
hinge are listened together. 


L. 

Label. In Gothic architecture, the drip or hood moulding over an aperture when it is 
returned square, 

Labelye. ^ Architects, list of, 285. 

Labour. (Lat.) A term in masonry employed to denote the value of a piece of work in 
consideration of the time bestowed upon it. 

Labyrinth. (Gr. Aa§vpu'0o5.) literally a place, usually subterraneous, full of inextri- 
cable windings. The four celebrated labyrinths of antiquity were the Cretan, Egyptian, 
Lemnian, and Italian. The first has the reputation of being the work of Dani^us to 
secure the IVIinotaur ; the second is said to have been constructed under the command of 
Psammeticus, king of Egypt ; the third was on the island of Lemnos, and was sup- 
ported by columns of great beauty ; the fourth is reported to have been designed by 
Porsenna, king of Etruria, as a tomb for himself and his successors. 

Labyrinth Fret. A fret, with many turnings, in the form of a labyrinth. See Fret. 
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Lacee.'- See Architects, list 48. 

Lacohicck. (Lat.) One of the apartments in the ancient baths, so called £rom its having 
be^ first us^ in Laconia. 

LacqueiL a yellow vamish, consisting of a solution of shell-lac in alcohol, coloured by 
gambc^e, safiron, annotto, or other yellow, orange, or red colouring matters. The use 
lacquer is chiefly for yamishing brass, and some other metals, in order to give them a 
golden colour and preserve their lustre. 

Lactaricm. (Lat.) Strictly a dairy-house. In ancient architecture, it was a place in the 
Rmnan herb market, indicated by a column, called the Columna Lactaria, where found- 
lings were fed and nourished. 

Lacunar. (Lat.) The ceiling or under sur&ce of the member of an order. Also the 
under side of the larmier or corona of a comice. The under side also of that part of the 
architrave between the capitals of columns. The ceiling of any part in architecture re- 
ceives the name of lacunar only when it consists of compartments sunk or hollowed, 
without spaces or bands, between the panels ; if it is with bands, it is called laquear. 

Lapt Chapei.. The name given to a small chapel dedicated to the Virgin, generally, in 
ancient cathedrals, placed behind the high altar. 

Lancet Arch. One whose head is shaped like the point of a lancet, and gener^ly applied 
to long narrow windows. 

Landing. The terminating floor of a flight of stairs, either above or below it. 

Lanpbanc. See Architects, list of, 8). 

Lanfrani. See Architects, list of, 139. 

Langhans. See Architects, list of, 310. 

Lantern. (Fr. Lanteme.) A drum-shaped erection, either square, circular, elliptical, or 
polygonal, on the top of a dome, or on that of an apartment, to give light. 

Lap. The part of one body which lies on and covers another. 

Lapo. See Architects, list of, 120. 

1.AQUEAR.* See Lacunar. 

Lararium. (Lat.) In ancient architecture, the apartment in which the lares or house- 
hold gods were deposited. It frequently contained also statues of the proprietor's 
ancestors. 

Larder. Ihe place in which undressed meat is kept for the use of a family. 

LAaauER. (Fr.) The same as Corona, which see. 

Latch. The catch by which a door is held &st. 

Latent Heat. That which is insensible to the thermometer, upon which the liquid and 
aeriform states of bodies depend, and which becomes sensible during the conversion of 
vapours into liquids and of liquids into solids. 

Lath. (Sax. Laecca.) A thin cleft piece of wood used in slating, tiling, and plastering. 
There are two sor^ double and single, the latter being about three-eighths of an inch 
thick, and the former barely a quarter of an inch. Pantile laths are long square pieces 
of fir, on which the pantiles hang. 

Lath Bricks. A species made in some parts of England. They are twenty-two Inches 
long and six inches broad. 

Lath floated and set fair. Three-coat plasterers’ work, in which the first is called 
pricking up ; the seconA floating ; the third, or finishing, is done with fine stufFl 

JLath laid and set. Two-coat plasterers* work, except that the first is called lagingy and 
is executed without scratching, unless with a broom. When used on walls, this sort of 
work is generally coloured ; when on ceilings, whited. 

Lath plastered, set, and coloured. The same as lath laid, set, and coloured. 

Lath pricked up, floated, and set for Paper. The same as /otA floated and set fair. 

Lateral Strength. The resistance whicb a body will afibrd at right angles to its grain. 

XtATOCE. ( Fr. Lattis. ) A reticulated window, made of laths or strips of iron, separated 
by glass windows, and only used where sur, rather than light, is to be admitted, as in 
crilars and dairies. 

Laundrt. An apartment occupied by the laundress of an establishment. It should he 
spacious and well supplied with every convenience for mangling, drying, anrj ironing the 
linen of a &mily. Horses, or slender frames of wood, should be provided for hanging 
the linen upon, which should be suspended to the timbers of the ceiling by pulleys, by 
which they may be raised and lowered. 

Lavatory. (Lat.) See Cloister. 

Later. In brickwork and masonry, synonymous with Course, which see. 

Latino. In plastering, the first coat on lath of two-coat work, the sur&ce whereof is 
roughed by sweeping with a broom, llie difference between laying mid rendering being, 
that the laker is the first coat upon brick. 

Lazarhouss or Lazaretto. (ItaL) A hospital for the reception of the poor and those 
afflicted with c<mtagious disease There are many in the southern states of Europe fi)r 
the perfimnance tA quarantine, Into whicb those only are admitted who arrive &om 
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countries infected by the plague, or suspected of being so* An account of the principal 
lazarettos^ of Europe was published by the celebrated Howard. 

Lead. (Sax. Lseb.) The heaviest metal ne^it to gold, platina, and mercury, being eleven 
times heavier than its own bulk of water. See Book II. Chap. II. Sect. 6. 

Leanto. a building whose rafters pitch against or lean on to another building or against 
a wall. 

Leaves. (Sax. Lssap.) Ornaments imitated from natural leaves, whereof the ancients used 
two sorts, natural and imaginary. The former were those of the laurel, palm, acanthus, 
and olive ; but they took great liberties in the representations of all of them. 

Ledge. A surface serving to support a body either in motion or at rest. Ledges of doors 
are the narrow surfaces wrought upon the jambs and sofites parallel to the wall to stop 
the door, so that when it is shut the ledges coincide with the surface of the door. A 
ledge, therefore, is one of the sides of a rthaie^ each rebate being formed of two sides. In 
temporary work the ledges of doors are formed by fillets. Also the horizontal planks in 
common doors, to which the vertical planks are nailed. See Book II. Chap. HI. Sect. 5. 

Ledgement. The development of a sur^ce, or the surface of a body stretched out on a 
plane, so that the dimensions of the different sides may be easily ascertained. 

Ledgers. In scaftblding for brick buildings are horizontal pieces of timber parallel to the 
walls. They are ftistened to the standards^ or upright poles, by cords, to support the 
put-logSi which lie at right angles to and on the walls as they are brought up, and receive 
the boards for working on. 

Ledodx. See Architects, list of, 306. 

Legrai^d. See Architects, list o^ 309. 

Legs or an Hyperbola. The two parts on each side the vertex. 

Legs of a Triangle. The sides which inclose the base. 

Length. (Sax. Leng.) The greatest extension of a body. In a right prism the length is 
the distance between the ends ; in a right pyramid or cone, the length is the distance 
between the vertex and the base. 

Lengthening of Timber is the method of joining several beams, so as to form a long beam 
of any given length. 

Leoni. See Architects, list of, 279. 

Lescot. See Architects, list of, 237. 

Level. (Sax. Loerel.) A line or surface which inclines to neither side. The term is used 
substantively to denote an instrument which shows the direction of a straight line 
parallel to the plane of the horizon. Tlie plane of the sensible horizon is indicated in 
two ways : by the direction of the plummet, or plumb line, to which it is perpendicular; 
and by the surface of a fluid at rest. Accordingly, levels are formed either by means of 
the plumb line, or by the agency of a fluid applied in some particular manner. They ail 
depend, however, upon the same principle, namely, the action of terrestrial gravity. 

The carpenter’s level consists of a long rule, straight on its lower edge, about ten or 
twelve feet in length, with an upright fixed to its upper edge, perpendicular to and in 
the middle of the length, having its sides in the same plane with those of the rule, and a 
straight line drawn on one of its sides perpendicular to the straight edge of the rule. 
This standing piece is generally mortised into the other, and finally braced on each side, 
to secure it from accident, and has its upper end kerfed in three places, viz. through the 
perpendicular line, and on each side. The straight edge of the transverse piece has a 
hole, or notch, cut out on the other side equal on each side the perpendicular line. A 
plummet is suspended by a string from the middle kerf, at the top of the standing piece, 
to vibrate freely in the hole or notch when hanging at ftill length. When the straight 
edge of the level is applied to two distant points, with its two sides placed vertically, if 
the plummet han^ freely, and the string coincides with the straight line on the standing 
piece, the two points are level. If not, suppose one of the points to be at the given 
height, the other must be lowered or raised, as the case may require, till the string is 
brought to a coincidence with the perpendicular line.. By two points is meant two 
sur&ces of contact, as two blocks of wood, or the upper edges of two distant beams. 

The uses of the level in carpentry are various, and need not be here detailed. The 
mason's level is formed of three pieces of wood, joined in the form of an isosceles triangle, 
having a plummet suspended from the vertex over a mark in the centre of the base. 

Levelung. The art or act of finding a line parallel to the horizon, at one or more 
stations, in order to determine the height of one place with respect to another, for laying 
grounds even, regulating descents, draining morasses, conducting waters for the irrigation 
of land, &c. See Addenda. 

Lever. In mechanics an inflexible rod, moveable about a fulcrum, or prop, and having 
forces applied to two or more points in it. The lever is one of the meclianical powers, 
and being the simplest of them all, was the first attempted to be explained. For its 
properties see Book II. Chap. I. Sect. 8. 

Lever Boards. A set of boards so festened that they may be turned at any angle to 

8 S 
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admit more or less light, or to lap upon each other so as to exclude all air or light 
through apertures. 

Lewis or Lewissoh. An instrument said to have been used in England by the builders 
of the middle ages to raise stones of more than ordinary weight to the upper part of a 
building. It was revived by a French artisan in the reign of Lewis XIV., and is now 
generally employed. It operates by the pieces forming its dove-tail end being kept in 
their correspondent places in the stone by a middle straight piece, kept in its situation 
by a pin passing through it and the dovetml pieces at top, and the conibination of the 
whole, is with a large ring. 

Lias. A provincial name adopted by geologists for an ar^laceous limestone, which, 
together with its associated bed, is characterised by peculiar fossils. 

Libon. See Architects, list of, 11. 

Librakt. An edifice or apartment for the reception of a collection of books. For remarks 
on the construction of public libraries see Book III. Chap. III. Sect. 9. 

Lights. A term sometimes used to denote the openings of doors, gates, and windows, 
and other places through which air and light have passage. 

Lighthouse. A lofty building, on the top whereof artificial lights are placed to guide 
ships at sea. For general observations on lighthouses see Book III. Chap. III. Sect, 12. 

Like Arcs. In the projection of the sphere, the parts of lesser circles contmning an equal 
number of degrees with the corresponding arcs of greater circles. 

Like Figures. In geometry, such as have their angles equal, and the sides about the 
equal angles proportional. 

Like Solids. Those which are contained under like planes. 

Lime. (Germ. Leim, glue.) A most useful earth, obtained by exposing chalk, and other 
kinds of limestones or carbonates of lime, to a red heat, an operation generally conducted 
in kilns constructed for the purpose, by which the carbonic acid is expelled, and lime, 
more or less pure, according to the original quality of the limestone, remains, in which 
state it is called quicklime. See Book II. Chap. II. Sect. 10. 

Limekilk. One for the purpose of burning lime. They are constructed in a variety of 
ways, to save expense, or to answer to the particular nature of the fuel. 

Lihestoke. a generic term for those varieties of carbonate of lime which are neither 
crystallised or earthy, the former being calcareous spar, the latter clialk. When burned 
they yield quicklime. 

Line. (Lat. Linea.) In geometry, a magnitude having only one dimension, and defined 
by Euclid to be ^at which has length without breadth. The term is also used to 
denote a measure of length used formerly in France, namely, the twelfth part of an inch, 
or of a foot. 

Line of Direction. In mechanics, the line in which motion is communicated. 

Line, geometrical. In perspective, any straight line in the geometrical or primary line. 

Line, horizontal. A line parallel to the horizon. In perspective, it is the vanishing line 
of horizontal planes. 

Line of Station. The intersection of a plane passing through the eye, perpendicular to 
the picture, and to the geometrical or primary plane with the plane itself. 

Line, vertical. The intersection of a vertical plane with the picture pasring along the 
station line. 

Like, visual. A ray of light reflected from the object to the eye. 

Lines of Light and Shade. Those in which the light and shade of a body are separated. 
Thus, on a curved surface, it k the line determined by a tangent to the surface in the 
direction of the rays of light. 

Linear Perspective. See Book II. Chap. IV. Sect. 2. 

Lining. The covering of the surfece of any body with another thin substance. Thus the 
lining of a wall is a wooden boarding, whcwe edges are either rebated or grooved and 
tongued. Lining is distinguished from casing, the first being a covering in the interior 
of a building, whilst the latter is the covering of the exterior part of a building. 

Lining out Stuff. (Participle.) The drawing lines on a piece of board or plank so as to 
cut it into thinner pieces. 

Linings of Boxings for window shutters, are the pieces of framework into which the 
window shutters are folded back. 

Linings or a Door. Ibose of the sides of apertures of doors called the jambs or jamb- 
lining that which covers the top or head l)eing the sofite. 

Lintel. (Span.) A horizontal piece of timber or stone over a door, window, or other 
opening to discharge the ^perincumbent weight. If a wall be very thick, more than 
one lintel piece will be required, unless scanting of suflScient width be found. In some 
old books on carpentry lintels are classed under wall plates, but the word is now never 
used in this sense, unless the joisting or tie-beams rest upon it, in which case it is both a 
lintel and a wall plate. 

List or Listed. The same as Fillet, which see. 
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Listed Boards. See Boards. 

Listing. (Participle.) Cutting the sap wood out from both edges of a board. 

Loam. A soil in which clay prevails. It is called heavy or light as the clay may be more 
or less abundant. 

Lobby. (Germ. Laube.) An inclosed space surrounding or communicating with one or 
more apartments, such as the boxes of a theatre, for instance. By it also is understood a 
small hall or waiting room, or the entrance into a principal apartment where there is a 
considerable space between it and a portico or vestibule ; but the dimensions, especially 
as regards the width, will not allow of its being called a vestibule or antUroom. 

Lock. (Sax. Loc.) A well-known instrument, consisting of springs and bolts, for fastening 
doors, drawers, chests, &c. A good lock is a masterpiece in smithery, requiring much 
art and delicacy to contrive and vary the wards, springs, bolts, pnd other parts whereof 
it is composed, so as to adjust them to the places where they are serviceable, and to the 
various purposes of their use. The structure of locks is so varied, and the numlier of 
inventions of their different sorts so extended, that we cannot attempt to enumerate them. 

Those placed on outer doors are called stock locksy those on chamber doors spring locks, 
and such as are hidden in the thickness of the doors to which they are applied, mortise 
locks. The padlock is too well known to need description here. 

The conditions which seem indispensable in a perfect lock are, 1. that certain parts 
of the lock should be variable in position through a great number of combinations, one 
only whereof shall allow the lock to be opened or shut ; 2. that this last-mentioned 
combination should be variable at the pleasure of the possessor ; S. that it should 
not be possible, after the lock is closed and the combination disturbed, for any one, not 
even the maker of the lock, to discover, by any examination, what may be the proper 
situations of the parts required to open the lock ; 4. that trials of this kind shall not be 
capable of injuring the works ; 5. that it shall require no key ; 6. and be as easily 
opened in the dark as in the light ; 7. that the opening and shutting shall be done by 
a process as simple as that of a common lock ; 8. that it should open without a key or 
with one, at pleasure ; 9. that the keyhole be concealed, defended, or inaccessible ; 10, 
that the key may be used by a stranger without his knowing or being able to discover 
the adopted combination; II. that the key be capable of ^justment to all the varia- 
tions of the lock, and yet be simple ; 12. that the lock should not be liable to betaken 
off and examined, whether the receptacle be open or shut, except by one who knows the 
method of combination. 

'llie above considerations involve a problem of great mechanical difficulty, which has 
not yet been solved, though much has been done towards it. For the locks in common 
use in buildings, see p. 592. 

Lodge. A small house, situate in a park or domain, subordinate to the mansion. Also the 
cottage placed at the gate of the road leading to the mansion. 

Logarithms. See p. 246, et seq. 

Loghouse. a hut constructed of the trunks of trees. 

Logistic Sfibal. One whose radii are in continued proportion, and in which the radii are 
at equal angles ; or, in other words, a spiral line whose radii every where make equal 
angles with the tangents. 

Lombardo, M. See Architects, list ot, 174. 

Lombardo, P. See Architects, list of, 173. 

Lombardo, Sante. See Architects, list of, 216. 

Longimetry. a term used to denote the operation of trigonometry for measuring lengths, 
whether accessible or inaccessible. 

Loop. (Fr.) A small narrow window. A loophoh is a term applied to the vertical series 
of doors in a warehouse, from which the goods, in craning, are delivered into a warehouse. 

Lorme, Philip de. See Architects, list of, 214. 

Lotus. A plant of the water-lily species much used in the architectural ornaments of 
the early nations, and especially in the capitals of Egyptian columns. 

Louis. See Architects, list of, 304. 

Lozenge. A quadrilateral figure of four equal sides, with oblique angles. 

Luffer Boardings. (Fr. Louvre.) See Boarding Luefer. 

Lune or Lunula. The space between two equal arcs of a circle. 

Lunette. (Fr.) A cylindric, cylindroidic, or spherical aperture in a ceiling. As an ex- 
ample of the term, we may refer to the upper lights in the nave of St, Paul’s Cathedral, 

Lusarche. See Architects, list of, 110. 

Luthern. TTie same as Dormer, which see. 

Lying Panels. Those wherein the fibres of the wood, or the grain of it, lie in an hori- 
zontal direction. 

Lysis. (Gr.) A plinth or step abo^ e the comice of the podium of ancient temples, which 
surrounded or embraced the stylobate, whereof an example may be seen in the temple 
of Fortuna Virilis at Rome. 


3 S 2 
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M. 

M Roof. A roof formed by the junction two common roo& with a vallum between 
them. The letter ^ inverted represents this species of covering. 

Machicolations. (Fr. Machicoulis.) In castellated architecture are, according to Grose, 
the projections, supported by brackets or corbels, through which melted lead and stones 
were dropped on the heads of assailants. They were not probably, however, projecting 
works, but sometimes were considered as the series of square boles in the vaultings of 
the portals used for the same purpose. 

Machine. (Gr. Maxoj/jj.) In a general sense, any thing which serves to increase or regu- 
late the effect of a given force. Machines are simple or compound. The former are the 
simple mechanical powers, six in number; viz. the lever, the wheel and axle, the pulley, 
the wedge, the screw,*and the funicular machine. The latter are formed by the com- 
bination of two or more simple machines, and are classed according to the forces by 
which they are put in motion, as hydraulic machinesy pneumatic machinesy electrical machinesy 
&c., or the purposes they are intended to serve, as military machines, architectural ma- 
chines, &c. ^ 

Machdca. See Architects, list of, 227. 

Maderno. See Architects, list of, 249. 

Maguone. See Architects, list o^ 123. 

Magnesian Limestone. An extensive series of beds lying in geological position imme- 
diately above the coal measures ; so called because the limestoncy which is the principal 
member of the series, contains magnesia. 

Magnitude. (Lat.) A term by which size, extent, or quantity is designated. It was 
originally applied to the space occupied by any figure ; or, in other words, it was applied 
to objects strictly termed geometrical, and of three dimensions, length, breadth, and 
thickness, but it has gradually become enlarged in its signification, so as to be given to 
every kind of quantity that admits of mensuration, or of which greater or less can be pre- 
dicated ; in which sense it was used by Euclid. 

Mahoganv. a wood often used for doors and window-sashes. See p. 487, The 
Jamaica mahogany is the hardest and most beautiful, and is distinguished ftom that of 
Honduras by the chalky appearance of its fibres. Those from Honduras appear quite 
dark. After oiling, this distinction is not so clearly observable. 

Main Couple. See Couple. 

Majano. See Architects, list of, 149. 

MALLEABiLirr. (Lat. Malleus, a hammer. ) Hie property of being susceptible of extension 
under the blows of a hammer. It is a characteristic of some of the metals, most particu- 
larly in gold. Common gold-leaf is not more a two-hundred-thousandth part of an inch 
in thickness. Five grains may be beaten out so as to cover a surface of more than two 
hundred and seventy square inches. 

Mallet. (Lat.) A large kind of wooden hammer much used by artificers who work with 
a chisel, as masons, stonecutters, carpenters, joiners, Ac. 

Maltha. (Gr.) A native bitumen used by the ancients for plastering the walls of their 
dwellings, Ac. An artificial kind was made of pitch, wax, plater, and grease ; another sort 
was composed of lime slaked with wine, and incorporated with melted pitch and fresh figs. 

Mandrel. (Fr. Mandrin.) In machinery, a revolving shank, to which turners affix their 
work in the lathe. 

Manorocles. See Architects, list of, 6. 

Manger. The trough in the stall of a stable wherein is placed the corn or other short 
food ^ven to live stock, and more especially to horses. 

Manlio. See Architects, list of, 203. 

Mansard. See Architects, list of, 258. 

Mansard, Jules Hardouin. See Architects, list of, 267. 

Mansard Roor. (So called from the name of its inventor, Fran 9 ois Mansard.) The same 
as Curb Roof, which see. 

Mansion. A large house ; a term more usually applied to one in the country. The 
origin of the word and its application is supposed to be derived from the mansiones, or 
stationary camps of the Roman soldiers. 

Mantle Tree. See Chimney. 

Marble. (Fr. Marbre.) A term limited by mineralogists and geologists to the several 
varieties of carbonate of lime, having more or less of a granular and crystalline texture. 
Among sculptors, the word is used to denote several compact or granular kinds of stone 
susceptible a very fine polish ; the varieties of it are extremely numerous. The most 
valuable sorts used by the ancients were the Pentelicany which was white, and was ob- 
tained from Mount Penteles in Attica. It was used in the Parthenon and other Athe- 
nian buildings, and was also in great repute among the sculptors. The Parian mctrhle 
was as its name imports, from the island of Paros, in which Mount Marpessus yielded 
the best, which was called Marpessiau. The marble of Paros was also sometimes termed 
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LychneuSi because of its use in making candelabra, and Lygdinum^ brom the promontory 
of Lygdos. Another of the white marbles of antiquity was that of Mount Hymettus 
in Attica. The marbles of Thasus and Lesbm were white, and in great repute. Hie 
latter island produced also a black marble. At Luna, in £ti*uria, there was found a 
marble even wliiter than that of Faros. Amongst the white marbles may, moreover, be 
mentioned the marmor Pkellense from Mount Phellens ; the marmor Corcditicum, found 
near the river Coralios in Phrygia, and termed also Sangarium, from another name of the 
same river. The marmor Cyzicum was taken from the quarries of Cyzicus in Asia 
Minor ; the Synnadicum, or marmor Fhrygiura, was obtained from the environs of the 
city of Synnas in Phrygia, and was of a black ground with small circles. Another sort 
of marble, which resembled ivory in its colour, was called chemites. The marble of 
TtBnanu was highly esteemed as a black marble. The marmor Lybicum, or Numidian 
marble, called also marmor LucuUevm, was what the French term noir antique. The cele* 
brated marmor Chium was excavated from the Mount Pelineus in the island of Chio, and 
was of a transparent chequered black colour. The marmor obsidianum was from Ethiopia, 
and of the black species, as was the Proconnesian, or Cyzican marble, from the island of 
Proconnesus. That from Mount Taygetes, called marmor Laconicum, was the well- 
known verd antique of antiquaries. The marble of Carystus was a mingled green ; that 
called the Atracium, from Mount Atrax in Thessaly, was a mixture of white, green, blue, 
and black. The green Tiberian and Augustan marbles were obtained from Egypt. The 
marmor Ophites, or Memphites, which took its first name from its resemblance to the skin 
of a serpent, and its second from the city of Memphis, where it was found, is the Serpen^ 
tino antico of the Italians. The marble of Corinth was yellow, and the marmor Phengites 
of Cappadocia was white, with yellow spots. The Rhodian marble was marked with 
spots resembling gold ; that of Melos was yellow, and excavated in Mount Acynthus. 
The varieties of marble used in modern times are exceedingly numerous, and a classifica- 
tion of them would occupy a larger space than can be here given. Except the finest 
specimens of white marble, they are mostly opaque. Some extremely fine specimens 
of white marble are to be seen in the Borghese Palace at Rome, which, on being sus- 
pended by the centre on a hard body, bend very considerably. It is found that statuary 
marble exposed to the sun acquires, in time, this property, thus indicating a less degree 
of adhesion of its parts than it naturally possessed. 

Almost every mountainous district of the world produces this mineral, but the finest 
and most valuable is from Italy. See Book II. Cbap. II. Sect. 3. 

Marbls, polishing of. The material is brought to an even face by rubbing with free- 
stone, afterwards with pumice-stone, and lastly with emery of several colours ; but white 
marble is finished with calcined tin. Tlie Italians polish with lead and emery. The 
sawing of marble, preparatory to polishing, is by a saw of soft iron, with a continued 
supply of the sharpest sand and water. 

Margin of a Course. That part of the upper side of a course of slates which appears un- 
covered by the next superior course. 

Marigold Window, Sw Rose Window. 

Marmoratum. (Lat.) A cement used by the ancients, formed of pounded marble and 
lime well beaten together, 

Marquetrt or Parquetry. (Fr. Marquetric.) Inlaid work, consisting of different pieces 
of various coloured woods, of small thickness, glued on to a ground, usually of oak or fir 
well dried and seasoned, which, to prevent casting and warping, is composed of several 
thicknesses. It was used by the early Italian builders in cabinet work ; and John of Vienna, 
and others of bis period, represented by its means figures and landscapes ; but in the pre- 
sent day it is chiefly conflned to floors, in which the divers pieces of wood are usually 
dispc»ed in regular geometrical figures, and are rarely of more than three or four species. 

Mascal or Marshall. See Architects, list of^ 220. 

Masonry. (Fr.) The science of combining and joining stones for the formation of walls 
and other parts in constructing buildings. When applied in the construction of domes, 
groins, and circular arches, it is diflScult and complicated, and is dependent on a 
thorough knowledge of descriptive geometry. The subject is treated in the body of this 
work, Book II. Chap. III. Sect. 3. 

Among the ancients, several sorts of masonry were in use, which are described by 
V itruvius as follows, in the eighth chapter of hi^ second book : — “ The different species 
of walls,” he observes, “ are the reticvlatum (net-like) {Jig. 1045. A), a method now in 
general use, and the incertum (B), which is the ancient mode. The reticulatum is very 
beautiful, but liable to split, from the beds of the stones being unstable, and its deficiency 
m respect of bond. The incertum, on the contrary, course over course, and the 
whole bonded together, does not present so beautiful an appearance, though stronger 
than the reticulatum. Both species should be built of the smallest sized stones, 
that the walls, by sucking up and attaching themselves to the morter, may last the 
longer ; for as the stones are of a soft and porous nature, they absorb, in dry- 
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ing, the moisture of the mortar ; and 
this, if used plentifully, will conse- 
quently exercise a greater cementing 
power; because from their contain- 
ing a larger portion of moisture, 
the wall will not, of course, dry 
so soon as otherwise ; and as soon 
as the moisture is absorbed by the 
pores of the stones from the mor- 
tar, the lime, losing its power, leaves 
the sand, so that the stones no longer 
adhere to it, and in a short time 
the work becomes unsound. We may 
see this in several monuments about 
the city (Rome) which have been 
built of marble, or of stones squared 
externally, that is, on one free, but 
filled up with rubble run with mortar. 

Time in these has taken up the 
moisture of the mortar, and destroyed 
its efficacy by the porosity of the 
surface on which it acted. All cohesion is thus ruined, and the walls fall to decay. He 
who is desirous that this may not happen to his work should build his two-free walls 
two feet thick, either of red stone, or of bricks, or of common flint, binding them together 
with iron cramps run with lead, and duly preserving the middle space or cavity. The 
materials in this case not being thrown in at random, but the work well brought up on 
the beds, the upright joints properly arranged, and the face-walls, moreover, regularly 
tied together, they are not liable to bulge, nor be otherwise disfigured. In these respects 
one cannot refrain from admiring the walls of the Greeks. They make no use of soft 
stone in their buildings ; when, however, they do not employ squared stones, they use 
either flint or hard stone, and, as though building with brick, they cross or break the 
upright joints, and thus produce the most durable work. There are two sorts of this 
species of- work, one called isodomum (CC), the other psetidtsodoTnton (DD), The first 
is so called, because in it all the courses are of an equal height ; the latter received its 
name from the unequal heights of the courses. Both these methods make sound work ; 
first, because the stones are hard and solid, and therefore unable to absorb the moisture 
of the mortar, which is thus preserved to the longest period ; secondly, because the beds 
being smooth and level, the mortar does not escape ; and the wall, moreover, bonded 
throughout its whole thickness, becomes eternal. There is still another method, which 
is called e/iirAeicTov (^emplectum) (E), in use even among our country workmen. In 
this species the frees are wrought. The other stones are, without working, deposited 
in the cavity between the two frees, and bedded in mortar as the wall is carried up. 
But the workmen, for the sake of despatch, carry up these casing walls, and then tumble 
in the rubble between them, so that there are thus three distinct thicknesses, namely, the 
two sid^ or freings, mid the filling in. The Greeks, however, pursue a different course, 
laying the stones fiat, and breaking the vertical joints ; neither do they fill in the middle 
at random, but, by means of bond stones, make the wall solid, and of one thickness or 
piece. They moreover cross the wall from one free to the other, with bond stones of a 
ringle piece, wMch they call Stcrrovoi {diatoni) (^)> tending greatly to strengthen the 
work.** We have preferred to give this account in the words of the author Umself as 
the best description, because that of a practical architect, and though capable of some 
abbreviation, not sufficiently so to just^ our own alteration. 

Mass. (Germ, Masse.) The quantity of matter whereof any body is composed. The 
TTiasR of a body is directly as the product of its volume into its density. Multiplied into 
the constant force of gravity, the mass constitutes the weight ; hence the mass of a body 
is properly estimated by its weight 

Mastic. ( Gr. M<urrucrj, a species of gum.) A cement of recent introduction into England, 
employed for plastering walls. It is used with a considerable portion of linseed oil, and 
sets hard in a few days. From this latter circumstance, and from its being fit for the 
reception of paint in a very short period, it is extremely useful in works where expedition 
is necessary. 

Masuccio. See Aacurrsers, list of, 134. 

Matekials. (Lat. Materies.) Things composed of matter, or possessing its fundamental 
properties. Tho% used in building form the subject of the second Chapter of the second 
Book of this work, to which the reader is referred. 

Mathematics. (Gr. is, lemming.) The science which investigates the consequences 

logically deducible from any given or admitted relations between magnitude or numbers. 
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It has usually been divided into two parts, pure and mixed. The first is that in which 
geometrical magnitude or numbers are the subjects of investigation ; the last, that in 
which the deductions so made are from relations obtained by observation and experiment 
from the phenomena of material nature. This is sometimes called physics, or physical 
science. On the subject of mathematics, the reader is referred, as respects what is 
necessary for the architect, to Asitumetic, and Algebra, and Geometry, in the body of 
the work. Book II. Chap. I. Sects. 1 and 2. 

Matter. (Lat. Materies.) That which constitutes substance. Of its intimate nature, 
the human &culty possesses no cognisance, nor either by observation or experiment can 
data be furnished whereon to found an investigation of it. All that we seem likely to 
know of it is its sensible properties, some whereof are the foundation of physical science, 
others of the different subordinate sciences. 

Mauritius. See Architects, list of, 86. 

Mausoleum. A term used to denote a sepulchral building, and so called from a very 
celebrated one erected to the memory of Mausolus, king of Caria, by his wife Artemisia, 
about 353 b. c. From its extraordinary magnificence, the building just mentioned was 

in ancient times esteemed the seventh wonder of the world. According to the account 
of Pliny, it was 111 feet in circumference, and HO feet high. It is said to have been 
encompassed by thirty-six columns, and to have been much enriched with sculpture. 

Mean. In mathematics, that quantity which has an intermediate value between several 
others, formed according to any assigned law of succession. Thus, an arithmetical mean 
of several quantities is merely the found by dividing the sum of all the quantities 

by their number. A geometrical mean between two quantities, or a mean proportional, is 
the middle term of a duplicate ratio, or continued proportion of three terms ; that is, 
that the first given term is to the quantity sought as that quantity is to the other given 
term. In arithmetic it is the square root of the product of the two given terms. The 
hamumical mean is a number such that the first and third terms being given, the first is 
to the third as the difiference of the first and second is to the difference of the second and 
third. 

Measure. (Lat. Mensura.) In geometry, strictly a magnitude or quantity taken as a 
unit, by which other magnitudes or quantities are measured. It is defined by Euclid as 
that which, by repetition, becomes equal to the quantity measured. Thus, in arithmetic, 
the measure of a number is some other number which divides it without a remainder, 
though, perhaps, such a definition rather intimates the notion of aliquot parts. But that 
meaning on which this article is submitted is the unit or standard by which extension is 
to be measured. We have measures of length, of superficies, and of volume or capacity. 
But the two latter are always deducible from the former ; whence it is only necessary 
to establish one unit, namely, a standard of length. The choice of such a standard, 
definite and invariable, though beset with many and great difiiculties, modern science 
has accomplished. The rude measures of our ancestors, such as the foot, the cubit, the 
span, the fathom, the barleycorn, the hair's breadth, are not now to be mentioned in matters 
of science, much more precise standards having been found, and not susceptible of casual 
variation. Nature affords two or three elements, which, with the aid of science, may be 
made subservient to the acquisition of the knowledge required. The earth being a solid 
of revolution, its form and magnitude may be assumed to remain the same in all ages. 
If this be so, the distance between the pole and the equator may be taken as an 
invariable quantity ; and any part, say a degree, which is a ninetieth part of it, will be 
constant, and furnish an unalterable standard of measure. So, again, the force of gravity 
at the earth’s surface being constant at any given place, and nearly the same at places 
under the same parallel of latitude, and at the same height above the level of the sea, the 
length of a pendulum making the same number of oscillations in a day is constant at the 
same place, and may be determined on any assumed scale. Thus we have two elements, 
the length of a aegree of the meriaian, ana the length of a pendulum beating seconds, 
winch nature furnishes for the basis of a system of measures. Others have been 
suggested, such as the height through which a heavy body fells in a second of time, 
determined, like the length of the pendulum, by the force of gravity, or the perpendicular 
height through which a barometer must be raised till the mercurial column sinks a 
determinate part ; for instance, one-thirtieth of its own length ; but these are not 
so capable of accurately deter mining the standard as the terrestrial degree, or the length 
of the pendulum. 

By an act of Parliament passed in the year 1824, it was declared, in relation to a 
standard which then was in the custody of the clerk of the House of Commons, whereon 
were engraved the words and figures standard yard, 1 760, but which was soon after 
burnt in the fire of the houses of Parliament, that it should be the unit or only standard 
measure of extension, and that it should be called the imperial standard yard. The act 
further declared, that if at any time thereafter the said imperial standard yard should be 
lost, or in any manner destroyed, defaced, or otherwise injured, it should be restored by 
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making, under the directions of the lords of the treasury, a new standard yard, bearing 
the proportion to a pendulum vibrating seconds of mean time in the latitude of London, 
in a vacuum, and at the level of the sea, as 36 inches to 39*1393 inches. It was after- 
wards found that this measure, when nicely examined, was incorrect as respected the 
relation of 36 to 39*1393. It seems, too, never to have been directly compared with the 
pendulum; neither from the difficulty of determining the lengths of the seconds 
pendulum, except within limits too wide for the purpose in question, could th^' 
restoration of the standard be effected with any certainty. Perhaps the only standard 
that can be safely referred to at the present day is that belonging to the Royal Astro- 
nomical Society. 

In the English system of linear measures, the unit, as we have above se^, is the yard, 
which is subdivided into 3 feet, and each of those feet into 12 inches. Of the yard, the 
multiples are, the pole or perch, the furlong, and the mile ; 5 j yards being 1 pole, 40 poles 
being 1 furlong, and 8 furlongs 1 mile. The pole and furlong, however, are now much 
disused, distance being usually measured in miles and yards. The English pace is 
1 1 yards s= 5 feet. Thus, the following table exhibits the rdations of the different 
denominations mentioned : — 


Inches. 

Feet. 

Yards. 

Poles. j 

Furlongs. 

Miles. 

1 

0083 

1 0*028 

0-00505 

0-0001 2626 

0-0000157828 

12 

1. 

1 0*333 

0*06060 

0-00151515 

0-00018939 

36 

3. 

1* 

0-1818 

0-004545 

0-00056818 

198 

16-5 

5-5 

i 1* 

0-025 

0-003125 

7920 

660- 

1 220- 

40* 

1- 

0-125 

63360 

5280. 

1760* 

320* 

8* 

1- 


The measures of superficies are the square yard, foot, inch, Ac., as under: — 

144 square inches are equal to - - • 1 square foot. 

9 square feet - - - - -1 square yard- 

square yards - - - - - 1 square pace. 

10*89 square paces - * - • I square pole. 

40 square poles - - - - - 1 square rood. 

4 square roods - - - - - 1 ^uare acre. 

In which it will be seen that the multiples of the yard are the pole, rood, and acre. 
Very large surfaces, as of countries, are expressed in square miles. The relations of 
square measure are given in the following table : — 


Square Feet. 

Square Yards. 

Square Poles. 

Square Roods. 

Square Acres. 

1* 

0-1 HI 

0-00367309 

0*000091827 

0-000022957 

9- 

1* 

0-0330579 

0-000826448 

0-000206612 

272-25 

30-25 

1* 

0-025 

0-00625 

10890- 

1210' 

40* 

1- 

0-25 

43560- 

4840- 

160* 

4* 

1* 


The measures of solids are cubic yards, feet, and inches, 1728 cubic inches being equal 
to a cubic foot, and 2? cubic feet to one cubic yard. By the act of 1824, the standard 
measure fmr all sorts of liquids, com, and other dry goods, is declared to be the Imperial 
gallon. According to the act in question, the imperial standard gallon contains ten 
pounds avoirdupob of distilled water, weighed in air at the temperature of 62° Fahren- 
heit's thermometer, the barometer being at SO inches. The pound avoirdupois contains 
7000 troy grains, and it b declared that a cubic inch of dbtill^ water (temperature 629, 
barometer 30 inches) weighs 252*458 grains. Hence the imperial gallon contains 
277*274 cubic inches. The gallon b subdivided into quarts and pints, 2 pints being one 
quart, and 4 quarts one gallon. Its multiples are the peck, which is 2 gallons, the 
bushel, which b 4 pecks, and the quarter, which b 8 bushels. The rebtions of measures 
of volume are given in the subjoined table : 


Pints. 

Quarts. 


Pecks. 

Bushels. 

Quarters. 

1 

0-5 

0-125 

0-0625 

0-015625 

0-001953125 

2 

1- 

0-25 

0-125 

0-03125 

0*00390625 

8 

4- 

1* 

0*5 

0-125 

0-015625 

16 

8* 

2* 

1- 

0*25 

0-03125 

64 

.32- 

8* 

4* 

1- 

0-125 

512 

256- 

64* 

.32* 

8 * 

I* 
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The old wine g^on contained 231 cubic inch^ the old corn gallon 268*8 cubic inches, 
and the old ale gallon 282 cubic inches. Before noticing the new French, or metre, 
system of measures, we subjoin a few of the principal ancient ones, English inches : ^ 


1 toise, French = 6 French feet = 6*394665 English feet. 

1 foot, do. =12 French inches =12*78936 English inches. 

1 inch, do. =12 French lines = 1 *06578 English inches. 

1 line, do. = 6 French pointe = 0*088815 English inches. 

1 point, do. 0*0148025 English inches. 

According to General Roy, an English fathom : a French toise :: 1000 : 1065*75. 

In the new French system, the metre, which is the unit of linear measure, is the ten» 
millionth part of the quadrant of the meridian =3*2808992 Englbh feet; and, as its 
multiples and subdivisions are decimally arranged and named by prefixing Greek 
numerals, the following table exhibits each : — 


Denomination. 
Myriametres 
Kilometre • 
Hectometre 
Decametre • 
Metre (the unit) 
Decimetre - 
•Centimetre - 
Millimetre • 


- 10000 metres =: 

- 1000 = 

-100 = 

10 = 

1 = 

0*1 = 

0*01 = 

0*001 = 


English Feet. 
[2808*992 
3280*8992 
328 *08992 
32*808992 
3*2808992 
0*32808992 
0*032808992 
0*0032808992 


The metre, therefore, is equal to 39*3707904 English inches. 

The unit of superficial measure, in the French system, is the are, which is a surface of 
10 metres each way, or 100 square metres. The centiare is 1 metre square. 

Denomination. English Square Yards. 

Hectare - - 10000 square metres =11960*33 

^re (the unit) - 100 = 119*6033 

Centiare - - l = 1 *196033 


The are, therefore, is equal to 1076*4297 English square feet. 

The unit of measures of capacity, in the French system, is the litre, a vessel containing 
a cube of a tenth part of the metre, and equivalent to 0*22009668 British imperial gallon. 
Its multiples and subdivisions are as follow : ~ 


Denomination. 
Kilolitre 
Hectolitre 
Decalitre 
Litre (the unit) 
Decilitre 


Eng. Imp. Gallons. 


- 1000 litres =220.09668 

- 100 = 22*009668 

10 = 2*2009668 

1 = 0*22009668 

0*1 = 0*02209668 


The unit of solid measure, or the stere, is equal to 35*31 658 English cubic feet ; therefore. 
Denomination. English Cubic Feet. 

Decastere - - - - 10 steres =353*1658 

(y/ere (the unit) - - - 1 = 35*31658 

Decistere - - - - 0*1 = 3*531658 


Under the word Foot will be found the length of that measure in the principal places 
of Europe. We here think it right to add some further continuation of that article as 
drawn up by the late Dr. Thomas Young from Hutton, Cavallo, Howard, Vega, and 
others. ® 


Altdorff foot 

Amsterdam foot 

Amsterdam ell - 
Ancona foot 
Antwe^ foot - 
Aqufleia foot > 
Arles foot 
Augsburg foot - 
ATignon=Arles. 
Barcelona foot - 
Basle fcMH 
Bavarian foc^ . 
B^mmo foot - 
Be^pfoot 

Besan^foot • 
Bologna foot 




English Feet. ^ 




English Feet 

- 

• 

*775 

Hutton. 

Bourg en Bresse foot 



1*030 

R 



c-92r 

H. 

Brabant ell, in Germany 

. 

2*268 

Vega. 


- 

■J-930 

Cavallo. 

Bremen foot 

• 

• 

*9.55 

R* 



C*931 

Howard. 

Brescia foot 

_ 

. 

1*560 

M. 

- 

• 

2*233 

C. 

Brescian bracdo 

_ 

. 

2*092 

C. 

- 

- 

1*282 

H. 

Breslaw foot 

• 

_ 

1*125 

H. 

- 

- 

•940 

H. 

Bruges foot 

. 


•749 

H. 

: 


1*128 

•888 

H. 

H. 

Brussels foot • 

- 

- 

<■*902 

t'954 

H. 

V. 

- 

- 

•972 

H. 

Brussels, greater ell 

• 


2*278 

V. 





Brussels, lesser ell 

• 

. 

2*245 

V. 

- 

- 

•992 

H. 

Castilian vara • 

. 

. 

2*746 

C. 

• 

- 

•944 

H. 

Chambery foot - 

. 


1*107 

H. 

- 

- 

•968 

Beigel. 

1 China mathematical foot 

. 

1*127 

H. 

. 

* 

1*431 

*992 

H. 

H. 

China imperial foot 

- 

- 

<1*051 

1 1*050 

H 

V. 

- 

- 

*962 

Howe. 

Chinese U 

. 

. 

606*000 

C. 

- 

- 

1*015 

H. 

Cologne foot 

. 

. 

*903 

H. 

- 

- 

ri‘244 

(1*250 

H. 

Cavallo. 

Constantinople - 

- 

- 

<■2*195 
( 1*165 

H. 
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English Feet 


Copenhagen foot 


. 

1-049 

H. 

Cracow foot 

. 

. 

1-169 

H. V. 

Cracow greater ell 

. 

. 

2-024 

V. 

Cracow smaller ell 

. 

. 

1-855 

V. 

Xlantzic foot 



*923 

H. 

Dauphine foot - 


. 

1-119 

H. 

Dem fo^ 

. 

• 

•547 

H. 

Denmark foot - 

• 

. 

1*047 

H. 

Dijon foot 

. 

. 

1-030 

H. 

Dordrecht foot - 

. 

. 

*771 

H. 

Dresden foot 

. 

. 

•929 

Wolfe. 

Dryden ell=s2 feet 

. 

. 

1-857 

V. 

Ferrara foot 


_ 

1-317 

H. 

Florence foot > 

. 

- 

•995 

H. 

Florence braccio 

. 

- 

f 1-900 i 
i 1*910 ' 

[ Cavallo. 

Francbe Comte foot 

_ 


1-172' 

H, 

FrankforUs Hamburgh 



H. 




r -812 

H. 

Genoa palm 

- 

- 

■<•809; 

C-817< 

1 Cavallo. 

Genoa canna 


. 

7-300 

C. 

Geneva foot 


. 

1*919 

H. 

Grenoble=Dauphine. 
Haarlem foot 



•937 

H. 

Halle foot 


_ 

•977 

H 

Hamburgh foot 


. 

•933 

H. 

Heidelberg foot 



•903 

H. 

Inspruck foot - 


.. 

i-ioi 

H. 

Leghorn foot - 


• 

•992 

H. 

Leipzig foot 



1034 

H. 

Leipzig ell 



1-833 

H. 

Leyden foot 



1*023 

H. 

Ll^e foot 



•944 

H. 

Lisbon foot 



•952 

H. 

Lucca braccio > 
Lyon&s:Dauphin4. 


* 

1*958 

f*915 

<•918 

H. 

H. 

How. 

Madrid foot 


- 

Madrid vara 



3*263 

C. 

MaestricbC foot - 



•916 

H. 

Malta palm 


- 

•915 

H. 

Mantua brasso . 


• 

1*521 

H. 

Mantuan bracciosBrescia 



C. 

Marseilles foot • 

• 

• 

•814 

H. 

Mechlin foot • 

• 


•753 

H. 

Mentz foot 



•988 

H. 

Milan decimal foot 

. 

. 

‘855 

H. 

Milan aliprand foot 

• 

• 

1*426 

H. 

Milanese braccio 

• 

• 

1-725 

C. 

Modena foot 

. 

• 

2081 

H 

Monaco foot 

. 

• 

•771 

H. 

Montpelier pan • 

. 

. 

•777 

H. 

Moravian foot • 


« 

•971 

V. 

Moravian ell 

. 

. 

2*594 

V. 

Moscow foot 


. 

•928 

H. 

Munich foot 

- 

. 

•947 

H. 

N^les palm 

- 

- 

c-sei 

f *859 

H. 

C. 

Naples canna - 

- 

. 

6-908 

C. 

Nuremburg town foot 

- 

- 

r*996 

<.•997 

H. 

V. 

Nuremboig country foot 


•907 

a 

Noremburg artillery foot 

- 

•961 

V. 

Nuremburg eu • 


- 

2-166 

V. 

Padua foot 

• 

• 

1*406 

H, 

Palermo foot - 

. 

. 

•747 

a 

Paris foot 

. 


1*066 

a. 

Paris metre 

. 


3-2808 


Parma foot 

- 

- 

1-869 

H. 




English Fe^. 

Parmesan braccio 

. 

2-242 

C. 

Pavia foot 

. 

1-540 

H. 

PlacentiassParma 

. 

- 

C. 

Pr^ue foot 

- 

C-987 

i-m 

'H. 

V. 

Prague ell 

FrovencesMarseiiles. 

- 

1-948 

V. 

Rhinland foot - 

- 

C 1-023 
<1-030 

K. 

Eytelwein. 

Riga=Hamburgh . 

Roman palm 


•733 

H. 

Roman foot 


•966 

Folkes. 

Roman deto, I-16tb foot 

. 

*0604 F. 

Roman oncia, l-12th foot 


•0805 F. 

Roman palmo - 

. 

•2515 F. 

Roman palmo di architettura 

. 

•7325 F. 

Roman canna di architettura 

. 

7*325 

F. 

Roman staiolo • 

- 

4-212 

F. 

Roman canna dei mercanti (8 j 
palms) - - -j 

[ 6-6365 F. 

Roman braccio dei mercanti f4 ; 

t 2-7876 F. 

palms) 

-j 

\ 2-856 

C. 

Roman braccio di tessitor i 
tela - - - 


[ 2-0868 

F. 

Roman braccio di architettura 

2-561 

C. 

Rouenss Paris - 

. 


H. 

Russian archine 


2-3625 C. 

Russian arschin 


2-3333 Phil. Mag. 

Russian verschock (l~16tb ar-; 

1 . 


schin) 

-j 

[ *1458 


Savoy= Cbamberri 

Seville^ Barcelona 



H. 



H. 

Seville vara - 

- 

2-760 

c. 

Sienna foot • - 


1-239 

H. 

Stellin foot 


1*224 

H. 

Stockholm foot > 

- 

C1073 
{ *974 

H. 

Celsius. 

Strasburg town foot 


‘956 

H. 

Strasburg country foot 
ToIedo=^adrid * 


•967 

H. 

H. 

Trent foot 


1-201 

H. 

Trieste ell for woollens 

• 

2-220 

H. 

Trieste ell for silk 


2-107 

H. 

Turin foot 

- 

JV676 

<1-681 

H. 

C. 

Turin ras - - 


1-958 

C. 

Turin trabuco - 

• 

10-085 

C. 

Tyrol foot 

• 

1-096 

V. 

Tyrol ell 


2-639 

V. 

Valladolid foot - 


•908 

H. 



CM37 

H. 

Venice foot 

. 

< 1-140 

How. 



C 1*167 

C. 

Venice braccio of silk - 

. 

2-J08 

C. 

Venice ell 


2-089 

V. 

Venice braccio of cloth 


2-250 

c. 

Verona foot 


1117 

H. 

Vicenza foot 


*136 

H. 

Vienna foot 

- 

ri036 

11037 

H. 

How. 

Vienna ell 

_ 

2-557 

V. 

Vienna post mile 


24-888 

V. 

Vienne m Dauphine foot 

. 

1*058 

H. 

Ulm foot 


*826 

H. 

Urbino foot 

. 

M62 

H. 

Utrecht foot 

. 

•741 

H. 

Warsaw foot 

. 

M69 

H. 

Wesel=Dordrecbt 

. 


H. 

Zurich foot 

- 

C-979 

l'9U 

H. 

PhU. Mag. 


The uncertainty respecting the ancient Greek and Roman measures had almost in- 
duced us to refrain from setting down the usually received notions on those subjects, but 
as we may be accus^ by the omission of n^lect, we subjoin some few : 

ScaiPTUBE Long Mjeasube. 

English 




Feet. 

Inches. 

1 digit 

« - - - 

- = 0 

0-912 

4 digits 

= 1 palm 

- = 0 

3-648 

3 p^ms 

= 1 span 

- * 0 

10-944 

2 spans 

= 1 cubit 

- « 1 

9-888 

4 cubits 

ss=l frthom 

' = 7 

3-552 

14 frtboms 

= 1 reed (EzekieTs) 

- = 10 

11-328 

14 reeds 

= 1 pole (Arabian) 

. « 14 

7-104 

10 poles 

1 scoenu^ or measuring line 

- =145 

-1-104 
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English 

Faces 


1 dactylus, or digil 

• - - 

. 

of 5 
= 0 

Ft. 

0 

In. 

0-7S54 

4 dactyli 

= 1 doron, or dochme, or palesta 

ss 

0 

0 

3-0218 

2| palestre, &c. 

= 1 lichas 

- 

= 

0 

0 

7-5546 

lichas 

= 1 orthodoron 

- 


0 

0 

,8 -3101 

1-^ orthodoron 

ssl spithame - 

- 

— 

0 

0 

9-0656 

spithame 

= 1 pous, or foot 

- 

= 

0 

1 

0-0875 

l| pous 

=1 pygme, or cubit - 

- 


0 

1 

1 -5984 

l| pygme 

I 5 pyg"** 

= 1 pygons 

- 

■* 

0 

1 

3-109 

— 1 pecus, or larger cubit 

- 

-• 

0 

1 

6-13125 

4 pecus 

= 1 orgye, or pace 

- 

= 

0 

6 

0-525 

100 orgya, or paces 

s= 1 stadium, aulus, or furlong 

- 

= 

100 

4 

4-5 

8 stadia, &c. 

= 1 million, or mile 

- 


805 

5 

0 

6 scrupula 

8 scmpula 

1^ duellum 

18 scrupulas 

Roman Long Measure. 

= 1 sicilicum. 

= 1 duellum. 
semniarla. 

= 1 digitus transveisus 


English 

Faces. Ft. In. 

= 0 0 0-725 

IJ digiti 

= 1 unciae, or inch 

- 

= 

0 

0 

0-967 

3 unciae 

s= 1 palma minor 

- 

= 

0 

0 

2-901 

4 palmar 

= 1 pes, or foot 

- 


0 

0 

11-604 

1 j pes, or foot 

= 1 palmipes 

- 

= 

0 

1 

2-505 

l| palmipes 

= 1 cubit 

- 

= 

0 

1 

5-406 

1§ cubits 

= 1 gradus 

• 

= 

0 

2 

5-01 

2 gradus 

— 1 passus 

- 

= 

0 

4 

10-02 

2 passus 

ss 1 decempeda 

- 

=* 

1 

4 

8-04 

25 passus 

stadium - 

• 


120 

4 

4-5 

8 stadia 

s= 1 milliare, or mile - 

- 


967 

0 

0 


Mechanics. (Gr. machine.) That science in natural philosophy treating of forces 

and powers, and their action on bodies, either iRrectly or by the intervention of ma.* 
chinery. The theory of mechanics is founded on an axiom or principle, called the 
law of inertia^ namely, that a body must remain for ever in a state of rest, or in a state 
of uniform or rectilineal motion, if undisturbed by the action of an external cause. 
Theoretical mechanics consists, therefore, of two parts : — Statics, which treats of the 
equilibrium of forces ; and dynamics, or the science of accelerating or retarding forces, 
and the actions they produce. (See Book 11. Chap. 1. Sect. 8.) When the bodies under 
consideration are in a fluid state, these equilibria become respectively hydrostaiics and 
hydrodynamics. 

Mechanical CARPE?rTRT. That branch of carpentry which relates to the disposition of 
the timbers of a building in respect of their relative strength aad the strains to which 
they are subj^ted. See Book II. Chap. I. Sect. 11. 

Mechanical Powers. See Machine. 

Medallion. A square, or, more properly, a circular table, on which are embossed figures, 
busts, and the like. 

Mediaeval Architecture. The architecture of England and the Continent during the 
middle ages, including the Norman and early Gothic styles. 

Melsonbt. See Architects, list of, 113. 

Member. (Lat.) Any part of an edifice or any moulding in a collection of mouldings^ 
as of those in a comice, capital, base, &c. 

Menagerie. (Fr.) A building for the housing and preservation of rare and foreign 
animals. The ancient Romans of opulence usu^ly bad private menageries, a sort of 
small park attached to their villa, and in them various kinds of animals were placed. 

Mensuration. (Lat.) The science which teaches the method of estimating the magni- 
tudes of lines, superficies, and bodies. See Book. II. Ch^. I. Sect. 7. ; as applied to 
measuring and estimating buildings, see Book 11. Chap. 111. Sect. 14. 

Mercieb, de. See Architects, list of, 262. 

Meridian Line. A line traced on the surface of the earth coinciding with the intersection 
of the meridian of the pl^e with the sensible horizon. It is therefom a line which lies 
due north and south. In Italy we often find these lines in large churches, as at Santa 
del Fiore at Florence, the Duomo at Bologna, &c. They are traced on brass rods 
let into the pavement of the church, and marked with the signs, and otherwise graduated. 
A hole in the roof permits the sun’s rays to fall on them at his culmination, thus marking 
noon as well as his height each day in the heavens. 
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Mekliano. See Aechitects, list of, 204. 

Meros. (Gr.) The plane face between the channels in the triglyphs of the Doric 
order. , • 

MssAULiE. (Gr.) I)escribed by Vitruvius as itinera or passages; they were, however, 
smaller courts. Apollonius Rhodius, in describing the reception of the Argonauts at 
the palace of ^etes, conducts them first into the vestibule, then through the folding 
gates into the mesaula, which had thalami here and there, and a portico (ai8ov<fa')on every 
side. 

Meta. (Lat.) A mark or goal in the Roman circus to which the chariots, &c. ran. 

Metal. (Gr, MctoWov.) A firm, heavy, and hard substance, opaque, fusible by fire, and 
concreting again when cold into a solid body such as it was before ; generally malleable 
under the hammer, and of a bright glossy and glittering substance where newly cut or 
broken. The metals conduct electricity and heat, and have not been resolved into other 
forms of matter, so that they are regarded as simple or elementary substances. Modem 
chemists have carried the number of metals to forty-two, only seven whereof were known 
to the ancients ; namely, — I . GoM, whose symbol is thus marked © ; 2. Silver, ]) ; 
3. Iron, d* ; 4. Copper, $ ; 5. Mercury, 5 ; 6 . Lead, ^ ; 7. Tin, "11 . The metals of most 
use in building are treated of in Book II. Chap. II. Sections 5, 6, and 7. 

Metatome. (Gr. Mtro, and Tepvta, I cut.) The space or interval between two dentels. 

Metoche. (Probably from M€T€xo»» I divide.) In ancient architecture a term used by 
Vitruvius to denote the interval or space between the dentals of the Ionic, or triglyphs 
of the Doric order. Baldus observes that in an ancient MS. copy of that author, the 
word metatome is used instead of metoche. This made Daviler suspect that the common 
text of Vitmvius is corrupt, and that the word should not be metoche but metatom^ as 
it were section. 

Mctopa. ( Gr. Mero, between, and Ov?;, a hole. ) The square space in the frieze between 
the triglyphs of the Doric order : it is left either plane or decorated, according to 
the taste of the architect. In the most ancient examples of this order the metopa was 
left quite open, whereof uotice has been taken at p. 57. in the body of the work. 

Metrodorus. Architects, list of, 52. 

Mezzanine. (ItaL Mezzano, middle.) A story of small height introduced between two 
higher ones. 

Mezzo Relievo. See Relievo. 

Michelozzi. See Architects, list of, 14d. • 

Middle Post. In a roof, the same as King Post. 

Middle Quarters of Columns. A name given to the four quarters of a column divided 
by horizontal sections, forming angles of forty^five degrees on the plan. 

Middle Rail. The rail of a door level with the hand, on which the lock is usually fixed. 

Mile. (Lat. Miile passuum, a thousand paces.) A measure of length in England equal 
to 1760 yards. The Roman pace was 5 feet ; and a Roman foot being equ^ to 1 1 *62 
modem inches, it follows that the ancient Roman mile was equivalent to 1614 English 
yards, or very nearly eleven twelfths of an English statute mile. The measure of the 
English mile is incidentally defined by an act of parliament passed in the 35tb of Eliza- 
beth, restricting persons from erecting new buildings within three miles of lx>ndon, in 
which act the mile is declared to be 8 furlongs of 40 perches each, and each perch equal 
to 16^ feet. 

Milk Room. See Daxrt. 

Millstone Grit. A coarse grained quartzose sandstone. It is extracted from the group 
of strata which occur between the mountain limestone and the superincumbent coal 
formations. 

Minaret. (Arab. Menarab, a lantern.) A slender lofty turret, rising by different stages 
or stories, surroimded by one or more projecting balconies, common in Mohammedan 
countries, being used by the priests for summoning (from the balconies) the people to 
prayers at stated periods of the day. 

Minion. An iron ore which, mixed with a proper quantity of lime, makes an excellent 
water cement. 

Minster. A church to which an ecclesiastical fraternity has been or is attached. ITie 
name is applied occasionally to cathedrals, as in the case of York JVIinster. 

Minute. (Lat.) A term given to the sixtieth part of the lower diameter of a column, 
being a subdivision used for measuring the minuter parts of an order. 

Mischia. See Scagliola. 

Mitcbel. a name given by workmen to Purbeck stones of twenty-four by fifteen inches 
when squared for building. 

MrrBR or Mitre. See Bevel. 

Miter Box. See Box fok Miter. 

Mixed Angle. An angle of which one side is a curve and the other a straight line. 

Mixed Figure. One composed of straight lines and curves, being neither entirely tho 
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sector nor the segment of a circle, nor the sector nor segment of an ellipsis, nor a 
parabola, nor an hyperbola. 

Mnesicles. See Architects, list of, 14. 

Mnesthes. See Architects, list of, 20. 

Moat. (Lat.) An excavated reservoir of water surrounding a house, castle, or town. 

Model. (Lat.) An origin^ or pattern proposed for any one to copy or imitate. Thus 
St. Paul’s may be, though not strictly so, said to be built after the model of St Peter’s 
at Rome. 

The word is also used to signify an artiheia! pattern made of wood, stone, plaster, or 
other material, with all its parts and proportions, for the satisfaction of the proprietor, or 
for the guide of the artificers in the execution of any great work. In all great buildings, 
the only sure method of proceeding is to make a model in relievo, and not to trust en- 
tirely to drawings. 

Modillion. (Fr.) A projection under the corona of the richer orders resembling a 
bracket. In the Grecian Ionic there are no modillions, and they are seldom found in 
the Roman Ionic. Those in the frontispiece of Nero at Rome consist of two plain faces 
separated by a small cyma reversa, and crowned with an ovolo and bead. In the frieze 
of the fourth order of the Coliseum, the modillions are cut in the form of a cyma reversa. 
For further information on the subject the reader may refer to p. 797. in the body 
of the work. 

Modular Proportion. That which is regulated by a module. See Module. 

Modulation. (Lat.) The proportion of the dilFerent parts of an order. 

Module. (Lat.) A measure which may be taken at pleasure to regulate the proportions 
of an order, or the disposition of the whole building. The diameter or semi-diameter of 
the column at the bottom of the shaft has usually been selected by architects as their 
module ; and this they subdivide into parts or minutes. Vignola has divided his module, 
which is a serai-diameter, into 12 parts for the Tuscan and Doric, and into 18 for the 
other orders. The module of Palladio, Cambray, Desgodetz, Le Clerc, and others, is 
divided into SO parts or minutes in all the orders. Some have divided the whole height 
of the column into 20 parts for the Doric, 22j for the Ionic, 25 for the Corinthian, &c., 
one whereof is taken for the module by which the other parts are to be regulated. 

There are two ways by which the measures or proportions of buildings may be deter- 
mined. First, by a constant standard measure, which is commonly the diameter of the 
lower part of the column, termed a module, and subdivided into sixty parts called minutes. 
In the second there are no minutes, nor any certain or stated divisions of the module, but 
it is divided into as many parts as may be deemed requisite. Thus the height of the 
Attic base, which is half the module, is divided into three to obtain the height of the 
plinth, or into four for that of the greater torus, or into six for that of the lesser torus. 
Both these species of measurement have been used by ancient as well as modern archi- 
tects, but the latter was that chiefly used by the ancients, and was. preferred by Perrault. 

Vitruvius having lessened his module in the Doric order, which in the other orders is 
the diameter of the lower part of the column, and having reduced the great module to a 
mean one, which b a semi-diameter, Perrault reduces the module to a third part for a 
similar reason, namely, that of determining the different measurements without a frac- 
tion. Thus, in the Doric order, besides that the height of the base, as in the other 
orders is determined by one of these mean modules, that same module furnbhes the 
height of the capital, architrave, triglyphs and metopae. But the smaller module obtained 
from a third of the diameter of the lower part of the column has uses considerably more 
extensive, inasmuch as by it the heights of pedestals of columns and entablatures in all 
the orders may be obtained without a fraction 

Modulus of Elasticity. A terra in relation to elastic bodies, which expres^s the weight 

. of themselves continued, which would draw them to a certain length without destroying 
their elastic power. 

IVIole. (Sax.) A pier of stone for the shelter of ships from the action of the waves. 

Amongst the Romans the term was applied, as in the case of the mole of Adrian (castle 
of St. Angelo at Rome), to a kind of circular mausoleum. 

Momentum. (Lat.) The impetus force, or quantity of motion in a moving body. The 
word is sometimes used simply for the motion itself 

Monastery. A house for the reception of religious devotees hut more properly applied to 
one for the habitation of monks. 

Monkey. See Fistuca. 

Monolithal. (Gr. Movos, one, Atffos, a stone.) A work consbting of a single stone ; such 
works are found in many parts of the world. 

Monopteral. (Gr.) A species of temple of a round form, which had neither walls nor 
cella, but only a cupola sustained by columns. See Temple- 

Monotriglyph. (Gr.) A term applied to an iiitercolumniation in which only one tri- 
. glyph and two metope are introduced. 
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MoNTERSAir, De. See Aruritects, list of, 116. 

Monument. (Lat. Moneo.) A structure raised to perpetuate the memory of some emi- 
nent person, or to serve as a durable token of some extraordinary event. Monuments at 
first consisted of stones built over the graves of the dead, on which were engraved the 
name and frequently a description of the actions of the persons whose memory they are 
to record. Monuments were differently formed. Thus some are pyramids, others 
obelisks; in some cases a square stone, in others a circular column serves the pur- 
pose. 

Moorstone. a species of granite found in Cornwall and some other parts of England, and 
very serviceable in the coarser parts of a building. Its colours are chiefly black ana 
white, and it is very coarse. In some parts of Ireland immense beds of it are found. 

Moresque Architecture, The style of building peculiar to the Moors and Arabs. See 
Arabian Architecture, Book I. Chap. II. Sect. 10. 

The word Moresque is also applied to a kind of painting in that style used by the 
Moors. It consists in many grotesque pieces and compartments, promiscuously, to ap- 
pearance, put together, but without any perfect figure of man^r animal. The style is 
sometimes called Arabesque. 

Mortar, (Dutch, Morter.) The calcareous cement used in building, compounded of 
burnt limestone and sand. See Book II. Chap. II. Sect. 10. 

Mortice or Mortise. ( Fr. Mortoise, probably from the Latin Mordeo, to bite.) In car- 
pentry and joinery, a recessed cutting within the surface of a piece of timber, to receive a 
projecting piece called a tenon, left on the end of another piece of timber, in order to fix 
the two together at a given angle. The sid^ of the mortice are generally four planes at 
right angles to each other and to the surface, whence the excavation is made. 

Mosaic. (It. Mosaico.) A mode of representing objects by the inlaying of small cubes of 
glass, stone, marble, shells, wood, &c« It was a species of work much in repute among 
the ancients, as may be gathered from the numerous remains of it. It is supposed to 
have ori^nated in the east, and to have been brought from Phoenicia to Greece, and 
thence carried to Rome. The term Mosaic work is distinguished from marquetry by 
being only applied properly to works of stone, metal, or glass. The art continues to be 
practised in Italy at the present day with great success. 

Mosque. (Turk. Moschet) A Motumme<£n temple or place of worship. The earliest 
Arabian mosques were decorated with ranges of a vast number of columns, ofren belong- 
ing originally to other buildings. Those of the Turks, on the other band, are more dis- 
tinguished for the size and elevation of their principal cupolas. Each mosque is provided 
with 3 minaret, and commonly with a fountain of water, with numerous b^ins for 
ablutions. 

Moston. See Architects, list of, 1 70. 

Mould. A terra used to signify a pattern or contour by which any work is to be wrought. 

The moulds are of two sorts, one whereof is used for casting the lead into 

long rods or comes, fit for drawing through the vice in which the grooves are formed. 
This they sometimes call the ingot mould. The other is for moulding the small pieces of 
lead, a line thick and two lines broad, which are fastened to the iron bars of casemente. 

The mason's mould, also called caliber, is a piece of bard wood or iron, hollowed on 
the edge, answering to the contours of the mouldings or cornices to be formed. The 
ends or heading joints being formed as in a comice by means of the mould, the inter- 
mediate parts are wrought down by straight-edges, or circular templets, as the work is 
straight or circular on the plan. When the intended surface is required to be very exact, 
a reverse mould is used, in order to prov« the work, by applying the mould in a trans- 
verse direcdon of the arrises. 

Moulds, among plumbers, are the tables on which they cast their sheets of lead, and are 
simply called tables, liiey have others for casting pipes without soldering. 

The moulds for foiindery are described Book 11. Chap. III. S»:t. 11. 

Mouldings. The ornament^ contours or forms applied to the edges of the projecting or 
receding members of an order. The regular mouldings are the JUlet, listel, or annulet ; 

astragal, on head } the torus, the scotia, or trochilus ; the echinus, ovclo, or quarter- 
round ; the egma retersa, inverted cgma, or ogee ; the cyma recta, the cavetb), or hoSow. 
See p. 684, 

Moul^ngs are divided into two classes — Grecian and Roman. The first are formed 
by some conic section, as a portion of an ellipse or hyperbola, and sometimes even of a 
straight line in the form of a chamfer. The Roman mouldings are formed by arcs of 
circles, the same moulding having the same curvature throughout. 

For Norman mouldings, see p. 174. 

Mouth, Bird’s. See Bird’s Mouth. 

Muel, lb. See Architects, list ofi 254. 

Mullion or Mukniok. In pointed architecture, the vertical post or bar which divides a 
window into several lights. 
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Muniment House. A strong, properly fire^prool^ apartment in public or private build- 
ings, for the keeping and preservation of evidences, chartei^ seals, &c., called muni- 
ments. 

Mural. (Lat.) Belonging to a walL Thus a monumental tablet affixed to a wall is 
called a mural monum^ ; an arch inserted into or attached to a wall is called a mural 
arch : and columns placed within or against a wall are called mural columns. 

Museum. (Gr. Mowo’etoi/.) A repository of natural, scientific, and literary curiosities, or 
of works of art. See Book III. Chap. III. Sect. 10. 

Mustius. See Architects, list of, 45. 

Mutilated Cornice. One that is broken or discontinued. 

Mutilation. (I>at.) The de&cing or cutting away of any regular body. The word is 
applied to statues and buildings where any part is wanting. 

Mutius, C. See Architects, list of, 31. 

Mutule. (Lat.) A projecting ornament of the Doric cornice, which occupies the place 
of the modillion in the other order, and supposed to represent the ends of raflers. The 
mutule has ^ways bee 4 assumed as an imitation of the end of a wooden raAer ; hence, 
say the advocates for a timber type, they are properly represented with a declination 
towards the front of the coronas. 

Mylne. See Architects, list of, 311, 


N. 

Nail. (Sax. Naesel.) A small metal spike for fastening one piece of timber to another. 
The sorts of nails are very numerous. The principal are here enumerated. Back Ttails, 
whose shanks are flat so as to hold fast but not open the wood. Clamp nails, are for 
fastening clamps. Clasp nails, or brads, are those with flatted heads, so that they may 
clasp the wood. They also render the wood smooth, so as to admit of a plane going over 
it. The sorts of most common use in building are known by the names of ten-penny, 
twenty-penny and two^shilling nails. Clench naUs are such as are used by boat and barge 
builders, sometimes with boves or nuts, but often without. They are made with clasp 
heads for fine work, or with the head beat flat on two sides. Clout nails, used for nailing 
clouts-on axle-trees, are flat headed, and iron work is usually nailed on with them. Deck 
nails, for fastening decks in ships and floors nailed with planks. Doy or jobent nails, for 
fastening the hinges of doors, Sec. Flat points are of two sorts, long and short i the 
former much used in shipping, and useful where it is necessary to bold fast and draw 
without requiring to be clenched ; the latter are furnished with points to drive into bard 
wood. Lead Tuiils, used for nailing lead, leather, and canvas to hard wood, are the same 
as clout nails dipped in lead or solder. Port nails, for nailing lunges to the ports of 
ships. Ribbing nails, used for fastening the ribbing to keep the ribs of ships in their 
place while the ship is building. Rose nails are drawn square in the shank. Rother nails, 
chiefly used for fastening rother irons to ships. Scupper nails, much in use for festening 
leather and canvas to wood. Sharp nails, much used in the West Indies, and made with 
sharp points and flat shanks. Sheathing nails, for fastening sheathing boards to ships ; 
their length is usually three times the thickness of the board. Square nails are of the 
same shape as sharp nails, chiefly used for hard wood. Brads are long and slender nails 
without heads, used for thin de^ work to avoid splitting. To these may be added tacks, 
the smallest sort whereof serve to fasten paper to wood; the middling for medium work ; 
and the larger size, which are much used by upholsterers. These are known by the name 
of white tacks, two-penny, three-penny, sjid four-penny tacks. See Adhesion. 

Nail-headed Moulding. One common in Norman buildings, and so called from being 
formed by a series of projections resembling the heads of nails or square knobs. See 
p. 174. 

Naked. A term applied either to a column or wall to denote the fece or plain surface 
from which the projections rise. 

Naked Flooring. See p. 540. 

Naked of a Wall. The remote face whence the projections take their rise. It is gene- 
rally a plain surfree, and when the plan is circular the naked is the sur&ce of a cylinder 
with its axis perpendicular to the horizon, 

Naos or Nave, (Gr. Naos.) See Cell. 

Natural Bed of a Stone. The surface from which the laminae were separated. In all 
masonry it is important to its duration that the lamiiMB should be placed perpendicular 
to the free of the work, and parallel to the horizon, inasmuch as the connecting substance 
of these laminae is more friable than the laminse themselves, and therefore apt to scale off 
in large flakes, and thus induce a rapid decay of the work. 

Naumachia. (Gr, fromNavs, a ship, andMa;^??, a battle.) In ancient architecture, a place 
for the show of mock sea engagements, little different from the circus and amphitheatre, 
sinpe this species of exhibition was often displayed in those buildings. 
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Nave. (Gt. Noof.) Hie body of a church or place where the people are seated, reaching 
from the rml or partition of the choir to the principal entrance. See Cbli.. 

Nebult Moulding. (Lat. Nebula.) An ornament in Norman architecture, wh(^ edge 
forms an undulating or wavy line, and introduced in corbel tables and archivolts. 
p. 174. 

Neck of a Capital. The space, in the Doric order, between the astragal on the shaft 
and the annulet of the capital. Some of the Grecian Ionic capitals are with necks 
below them, as in the examples of Minerva Folias and Erectbeus, at Athens. But the 
Ionic order has rarely a neck to the capital. 

Needle. An horizontal piece of timber serving as a temporary support to some super- 
incumbent weight, as a pier of brickwork, and resting upon posts or shores, while the 
lower part of a wall, pier, or building is being underpinned or repaired. 

Nervures. a name given by French architects to the ribs bounding the sides of a groined 
compartment of a vaulted roof, as distinguished from the ribs which diagonally cross the 
compartment. 

Net Measure. That in which no allowance is made for finishing, and in the work of 
artificers, when no allowance is made for the waste of materials. 

Newel. The upright cylinder or pillar, round which, in a winding staircase, the steps 
turn, and are supported from the bottom to the top. In stairs, geometrical for instance, 
where the steps are pinned into the wall, and there b no central pillar, the staircase is 
said to have an open newel. 

Niche. (Fr. probably from Neou’trio, a nest.) A cavity or hollow place in the thickness of 
a wall for the reception of a statue, vase, &e. See Book III. Chap. I. Sect. 21. 

Nicola da Pisa, ^e Architects, list of, 121. 

Nicon. See AacHn^crs, list of, 51. 

Nidged Ashlar. A species of ashlar used in Aberdeen. It is brought to the square by 
means of a cavil or hammer with a sharp point, which reduces the roughness of the 
stone to a degree of smoothness according to the time employed. When stone is so hard 
as to resist the chisel and mallet, the method described is the only way in which it can 
be dressed. 

Nogs. The same as Wood Bricks, which see. The term is chiefly used in the north of 
England. 

Nogoikg. a species of brickwork carried up in panels between quarters. 

Noggikg-pieces. Horizontal boards laid in brick-nogging, and nailed to the quarters 
for strengdiening the brickwork. They are disposed at equal altitudes in the brick- 
work. 

Nonagon. (Gr.) A geometrical figure having nine sides and nine angles. 

Normal Like. In geometry, one which stands at right angles to another line. 

. Nobmak Architecture. Book I. Chap. HI. Sect. 2.. 

Nokmako. See Architects, list 172. 

Nosing or a Stef. The projecting part of the tread-board or cover which stands before 
the riser. The nosing is generally rounded, so as to have a semicircular section ; and 
in the better sort of staircases a fillet and hollow is placed under the nosing. 

Notch-board. a board which is grooved or notched for the reception and support of the 
ends of steps in a staircase. 

Notching. A hollow cut from one of the faces of a piece of timber, generally made 
rectangular in section. 

Nucleus. (Lat.) In ancient architecture the internal part of a floor, which consisted of 
a strong cement, over which the pavement was laid with mortar. 

Ntmphaum. (Gr.) A name used by the ancients to denote a picturesque grotto in a rocky 
or woody place, supposed to be dedicated to, and frequented by, the nymphs. The 
Romans often made artificial nympbsea in their gardens. In Attica, the remains of a 
nymphaeum are still to be seen derated with inscriptions and bassi relievi, from the rude 
workmanship of which it may be presumed that the grotto is of very ancient date. 


O. 

Oak. (Sax. Ac, JEe,') A forest tree, whose timber is, from its strength, hardness, mid dura- 
bUity, the most useful of all in building. See Book II. Chap. II. Sect. 4. 

Obelisk. (Probably from O^cAos, a spit, brooch, or spindle, or a long javelin.) A lofty 
pillar of a lectangular form, dinunishing towards the top, and generally ornamented with 
inscriptions and hieroglyphics. The upper part finishes generally with a low pyramid, 
called n pyrtxmidion. The proportion of the thickness to the height is nearly the same 
in all obelisks ; that is, between one ninth and one tenth, mid their thickness at top is 
never less than half, nor greater than three fourths, of that at bottom. Egypt abounded 
with obel^ks, which were always in a single block of stone; and many have b^n removed 
thence to Rome and other plac^. The ft^Ilowing table exhibits a list of the principal 
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obelisks whereof there is any record, or which are at present known, being thirty-three 
in number. 


■ 

1 Situation. 

' 

Height. 

Thicit 

At top. 

ness. 

i 

Below. 


Eng. Feet. 

Eng. Feet. 

Eng. Feet. 

Two large obelisks, mentioned by Diodorus Siculus - 

158-2 

7-9 

11-8 

Two obelisks of Nuncoreus, son of Sesostris, according 




to Herodotus, Diodorus Siculus, and Pliny - 

121 -8 

6-6 

10-5 

Obelisk of Rhameses, removed to Rome by Constantins 

118-4 

6-2 

10-2 

Two obelisks, attributed by Pliny to Sraerres and Era- 




phius 

106-0 

5-9 

9-8 

Obelisks of Nectanabis, erected near the tomb of Arsinde 




by Ptolemy Philadelphiis - - - - 

105-5 

5-3 

9-2 

Obelisk of Constantius, restored and erected in front of 




S. Giovanni Laterano at Rome _ - . 

105 *5 

6-2 

9-6 

Part of one of the obelisks of the son of Sesostris, in the 




centre of the piazza in front of St. Peter’s 

82-4 

5-8 

9-4 

Two at Luxor ----- 

79-1 

5-3 

8-0 

Obelisk of Augustus from the Circus Maximus, now in 




the piazza del Popola at Rom^ - - - 

78-2 

4-5 

7-4 

Two in the ruins at Thebes, still remaining 

72-8 

5-0 

7-5 

Obelisk of Augustus, raised by Pius VI. in the Piazza 




di Monte Citorio ----- 

71-9 ' 

4-9 

7-9 

Two obelisks, one at Alexandria, vulgarly called Cleo- 




patra’s Needle, and the other at Heliopolis - 

67-1 

5-1 

8-1 

Obelisk by PUny, attributed to Sothis 

63-3 

4-5 

5-1 

Two obelisks in the ruins of Thebes • - - 

63-3 

4-5 

5-1 

Great obelisk at Constantinople - . - 

59-7 

4-5 

7-2 

Obelisk in the Piazza Navona, removed from the Circus 




of Caracal la ... - - 

54-9 

2-9 

4-5 

Obelisk at Arles ----- 

50-1 

4-5 

7-4 

Obelisk from the Mausoleum of Augustus, now in front 




of the church of Sta. Maria Maggiore at Rome 

48-3 

2-9 

4-3 

Obelisk in the gardens of Sallust, according to Mercati 

48-3 

2-9 

4-3 

Obelisk at Biji.e in Egypt - - . - 

42-9 

2-6 

4*2 

Small obelisk at Constantinople, according to Gyllius - 

34-2 

3-9 

5-9 

The Barberini Obelisk - - - - 

30-0 

2-2 

3-9 

Obelisk of the Villa Mattel - - - - 

26-4 

2-2 

2-7 

Obelisk in the Piazza della Rotunda - - - 

20-1 

2-1 

2-4 

Obelisk in the Piazza di Minerva - - - 

17-6 

2*0 

2-6 

Obelisk of the Villa Medici - - - - 

16-1 

1-9 

2-4 


Oblique Line. One which stands, in respect to another, at a greater angle than ninety 
degrees. 

Oblique Angle. One that is greater or less than a right angle. 

Oblique-angled Triangle. One that has no right angle. 

Oblique Arches. Such as cross an opening obliquely to the front face of it. 

Oblong. A rectangle of unequal dimensions. 

Observatory. (Fr.) A building for the reception of instruments and other matters for 
observing the heavenly bodies. See Book III. Chap. III. Sect. 11. 

Obtuse. (Lat.) Any thing that is blunt. 

Obtuse-angled Triangle. One which has an obtuse angle. 

Obtuse Section of a Cone. Among the ancient geometricians a name given to the by- 
perbolaw 

Octagon. (Gr. 0/rr«and angle.) A figure having eight sides and eight angles. 

Octahedron. (Gr.) One of the five regular bodies bounded by eight equal and equila- 
teral triangles. 

Octastyle. (Gr. Ofcra and 2tvAos.) That species of temple or building having eight 
columns in front. See Colonnade. 

Odeum. (Gr.) Among the Greeks, a species of theatre wherein the poets and musicians 
rehearsed their compositions previous to the public production of them. 

Odo. See’AacHiTECTs, list of, 88. 

Oecus. See Hall. 


ST 
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Ornczs. Itie appartments wherein the domestics discharge the several duties attached to 
the service of a house ; as kitchens, pantries, brewhouses, and the like. 

Offsits. The horizontal projections from the fkces of the different parts of a wall where 
it increases or diminishes in thickness. 

OoKK. A moulding, the same as the Cyma bsveksa, which see. 

OoivE. A term used by French architects to denote the Gothic vault, with its ribs and 
crc^ springers, &c. The word is used to denote the pointed arch. 

Ololzago. See Architects, list of, 194. 

One pair of Stairs. An expression signifying the first story or floor above that floor level 
with, or raised only by a few steps almve, the ground, which latter is thence called the 
ground floor. 

Opje ( Gr. Otttj. ) The beds of the beams of a floor or roof between which are the Me- 
tope, which see. 

Openings. (Sax.) Those parts of the walls of a building which are unfilled for admitting 
light, ingress, egress, &c. See Aperture. 

Opisthodomus. ( Gr.) The same as the Roman posticum, being the enclosed space behind 
a temple. 

Opposite Angles. Those formed by two straight lines crossing each other, but not two 
adjacent angles. 

Opposite Cones. Those to which a straight line can be applied on the surfeces of both 
cones. 

Opposite Sections. The sections made by a plane cutting two opposite cones. 

Optic Pyramid. In perspective, that formed by the optic rays to every point of an ob- 
ject 

Optic Rays. Those which diverge from the eye to every part of an original object. 

Orangery. A gallery or building in a garden or parterre opposite to the south. See 
Green-house. The most magnificent orangery in Europe is that of Versailles, which is 
of the Tuscan order, and with wings. 

Oratory. (Lat) A small apartment in a house, furnished with a small altar, crucifix, 
&c., for private devotiou. The ancient oratories were small chapels attached to monas- 
teries, in which the monks offered up their prayers. Towards the sixth and seventh 
centuries the oratory was a small church, built frequently in a burial place, without either 
baptistery or attached priest, the service being performed by one occasionally sent for that 
purpose by the bishop. 

Orb. (Lat. Orbis.) A knot of foliage or flowers placed at the intersection of the ribs of a 
Gothic ceiling or vault to conceal the mitres of the ribs. 

Orchestra. (Or. Opx^ofiat.') In ancient architecture, the place in the theatre where the 
chorus danced. In modem tb^tres it is the enclosed part of a theatre, or of a music- 
room wherein the instrumental and vocal performers are seated. 

ORCHEYAaDE. See Architects, list of, 160. 

Order. (Lat) An assemblage of parts, consisting of a base, shaft, capital, architrave, 
frieze, and comice, whose several services requiring some distinction in strength, have 
been contrived in five several species — - Tuscan, Doric, Ionic, Corinthian, and Com- 
posite ; each of these has its ornaments, as well as its general fabric, proportioned to its 
strength and use. There are five orders of architecture, the proper understanding and 
application whereof constitute the foundation of all excellence in the art. See Book III. 
C^p. I- Sect. 2. on the Orders generally. 

Order, Composite. See Book III. Chap. I. Sect. 7. 

Order, Corinthian. See Book III. Chap. I. Sect. 6. 

Order, Doric. See Book III. Chap. X. Sect. 4. 

Order, Ionic. See Book III. Chap. I. Sect. 5. 

Order, Tuscan. See Book III. Chap. 1. Sect. 3. 

Orders ABOVE Orders. See Book III. Chap. I. Sect. 11. 

Ordinate. In geometry and conics, a line drawn from any point of the circumference of 
an ellipsis or other conic section perpendicular to, and across the axis, to the other side. 

Oedonnance, (Fr. from the Lat.) The perfect arrangement and composition of any ar- 
chitectural work. It applies to no particular class, but the term is general to all species 
in which there has exist^ anything like conventional law. 

Organical Description of a Curve. The method of describing one upon a plane by 
continued motion. 

Oriel or Oriel Window. (Etym. uncertain.) A large bay or recessed window in a 
hall, chapel, or other apartment. It ordinarily projects from the outer face of the wall 
either in a semi -octagonal or dia^nal plan, and is of varied kinds and sizes. In large 
halls its usual height is from the floor to the ceiling internally, and it rises fr<mi the ground 
to the parapet mi the outside ; sometimes it consists only d one smaller window sup- 
ported by corbels, or by masonry projecting gradually from the wall to the sill of the 
window. Milner, the learned and good Catholic bishop, in his History of Winchester, 
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draws a difference between ^e bow and oriel window. The first projected circularly, 
and was formerly called a compass or embowed window ; whilst the projecticm of the 
last was made up of angles and straight lines forming generally the half of a hexagon, 
octagon, or decagon, and was better known by the nan^ of bay tcindowj shot window^ or 
outcast window^ a distinction, however, not generally observed. 

Origin and Progress of Architecture. See Book I. Chap. I. Sect. 2. 

Original Line, Plane, or Point. In perspective, a line, plane, or point referred to the 
object itself 

Orle. (Ital.) A fillet under the ovolo or quarter round of a capitaL When the fillet is at 
the top or bottom of the shaft of a column it is called a cincture. Palladio uses the word 
orle to express the plinth of the bases of the columns and pedestal. 

Ornament, The smaller and detailed part of the work, not essential to it, but serving to 
enrich it ; it is generally founded upon some imitation of the works of nature. 

Orthography. (Gr. OpQos, right, and Tpcupw, I describe.) The elevation of building show- 
ing all the parts in their proper proportions ; it is either external or internal. The first 
is the representation of the external part or front of a building showing the face of the 
principal wall, with its apertures, roof of the building, projections, decorations, and all 
other matters as seen by the eye of the spectator, placed at an infinite distance from it. 
The second, commonly called the section of a building, shows it as if the external wall 
were removed, and separated from it. 

In geometry, orthography is the art of representing the plan or side of any object, and 
of the elevation also of the principal parts : the art is so denominated from its etymology, 
because it determines things by perpendicular right lines falling on the geometrical plan, 
or because all the horizontal lines are straight and parallel, and not, as in perspective, 
oblique. 

Osculating Circle. That, the radius of whose curve at any particular point of another 
curve, is of the same length as that of the curve in question at that particular point. 
Hence it is the kissing circle, and that so closely, that there is no difference in the cur- 
vature of the two curves at that particular point. 

Ova. (X^O Ornaments in the s^pe of an egg, into which the echinus or ovolo is often 
carved. 

Oval. A geometrical figure, whose boundary is a curve line returning into itself ; it in- 
cludes the ellipsis or mathematical oval, and all figures resembling it, though with 
different properties. 

Ovolo. (Ital.) A convex moulding whose lower extremity recedes from a perpendicular 
line drawn frcnn the upper extremity. See Moulding. 

Oct to Out. An expression used of any dimension when measured to the utm<^ bounds 
of a body or figure. 

Out of Winding. A term used by artificers to signify that the surfrce of a body is that of 
a perfect plane ; thus when two straight edges are in the same plane they are said to be 
out of winding. 

Outer Doors. Those common to both the exterior and interior sides of a building 

Outer Plate. See Inner Plate. 

Outline. The line which bounds the contour of any object. 

Outward Angle. The external or salient angle of any figure. 

Overhang. See Batter. 


P, 

Paddle. A small sluice, similar to that whereby water is let into or out of a canal lock. 

Pagoda. (Corrupted from Poutgad, Pers., a house of idols.) A name given to the tem- 
ples of India. See Indian Architecture. Book I. Chap. II. Sect. 6. 

Paine. See Architects, list of, 303. 

Painter’s Work. See Book II. Chap. III. Sect. 12. 

The work of painting with different coats of oil colour and turpentine the parts of a 
building usually so treated. 

Palace. (Lat. Palatium.) In this country, a name given to the dwelling of a king or 
queen, a prince, and a bishop. On the Continent, it is a term more extensively used, 
almost all large dwellings and government offices being so denominated. See Book III. 
Chap. HI. &ct. 4. 

Palasstra. (Gr. Ua\aicc, I wrestle.) A part of the Grecian gymnasium, particularly appro- 
priated to wrestling and other gymnastic exercises ; it was sometimes used to denote the 
whole building. It contained baths which were open for the use of the public. Accord- 
ing to the authority of Vitruvius, no palsstra existed in Rome. 

Pale. A small pointed or piece of wood used for making landmarks and enclosures 
placed vertically. 
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Paue Fkkcikg or Pali Pzkck. That constructed with pales. 

Palisadk. a fence of pales or stakes driven into the ground, set up for an enclosure, or 
for the protection of property. 

Pallaoio. See Architects, list of, 241. 

Palm. A measure of length. See Measure. 

Pampre. (Fr.) An ornament composed of vine leaves and bunches of grapes, wherewith 
the hollow of the circumvolutions of twisted columns are sometimes decorated. 

Fancarpi. (Gr.) Garlands and festoons of fniit, dowers, and leaves, for the ornament of 
altars, doors, vestibules, &c. 

Panel. (From the low Latin panellum.) A board whose edges are inserted into the 
groove of a thicker surroundii^ frame. 

A panel in masonry is one of the foces of a hewn stone. 

Pannier. The same as Corbel, which see. 

Pantameter. A graduated bevel. 

Pantiles. See Book H. Chap. II. Sect. 9- 

Pantograpb. An instrument for copying, diminishing, or enlarging drawings. 

Paper. A substance made by the maceration of linen rags in water and spreading them 
into thin sheets ; on this the drawings of the architect are usually made ; its usual sizes 
being as under : — 


Demy 

Medium 

Royal 

Super-royal 

Imperial 

Colombier - 


20 inches by 15 inches. 

Atlas • - - 

34 inches by 26 inches. 

22 — 

17 — 

Double Elephant - 

40 — 

26 — 

24 — 

19 — 

Antiquarian - 

52 — 

31 — 

27 — 

19 — 

Extra Antiquarian 

56 — 

40 — 

30 — 

34 — 

21 — 

23 — 

Emperor 

68 — 

48 — 


Faperhanger^s Wore. See Book II. Chap. III. Sect. 12. 

Parabola. (Gr. Tlopa, through, andBoXA^r, I throw.) In geometry, a curve line formed 
by the common intersection of a conic surface, and a plane cutting it parallel to another 
plane touching the conic surface. See Book II. Chap. I. Sect. 5. 

Parabolic Asstmptote. In geometry, a line continually approaching the curve, but which, 
though infinitely produced, will never meet it. 

Parabolic Curve. The curved boundary of a parabola, and terminating its area, except 
at the double ordinate. 

Parabolic Spiral, or Helicoid. A curve arising from the supposition of the axis of the 
common parabola bent into the periphery of a circle the ordinates being portions of the 
radii next the circumference. 

Paraboloid. See Conoid. 

Parallel. (Gr. TlapaXXrtKos,') In geometry, a term applied to lines, surfaces, &c.,that are 
in every part equidistant from each other. 

Parallel Coping. See Coping. 

Parallelograk. (Gr.) Any four-sided rectilineal figure, whose opposite sides are 
parallel. 

Parallelopiped. In geometry, one of the regular bodies or solids comprehended under 
six foce^ each parallel to its opposite face, and all the faces parallelograms. 

Parameter. (Gr. IIo^ through and Merpw, I measure.) In conic sections, a constant 
right line in each of the three sections, called also latus rectum. 

Parapet. (Ital. Farapetto, breast high.) A small wall of any material for protection on 
the sides of bridges, quays, or high buildings. 

Parasckkium. Another name for the postsceniwn in the ancient theatre. 

PARASTAT.S. See Antjr. 

Parget. A name given to the rough plaster used for lining chimney flues. 

Parker’s Cement. See p. 509. 

Parlour. (Fr.) A room for conversation, which in the old monasteries adjoined the 
buttery and pantry at the lower end of the hall. At the present day it is used to denote 
the room in a house where common visitors are received. 

Parooos. (Gr.) The grand entrance of the scene of an ancient theatre that conducted <m 
to the stage and orchestra. 

Parquetrv. See Marquetry. 

Parsonage House. A building usually near the church, occupied by the incumbent of 
the living; in former times this sort of building was often embattled and fortified, and 
had various appendages, including sometimes a small chap^ or oratory. 

Partition, (l^t.) A wall of stone, brick, or timber', dividing oim room from anoth^. 
When a partition has no support from below it should not be sufiTered to bear on the floor 
with any considerable weight, and in such cases it should have a truss formed within, 
in which case it is called a trussed partition^ See Truss. 

Party Walls. Such as are formed between houses to separate them from each other and 
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prevent the spreading of fire. The regulations prescribed for them form a large portion 
of the Building Act of 14 Geo. III. See Building Act at length, p. 819, et seq, 

Paktt Fence Wall. A wall separating the vacant ground in one occupation from that 
in another. See Building Act, p. 819, seq. 

Parvis. (Etym. uncertain.) A porch portico or large entrance to a church. It seems 
also to have signified a room over the church porch, where schools used to be held. 

Passages. The avenues leading to the various divisions and apartments of a building. 
When there is only one series of rooms in breadth, the passage must run along one side 
of the building, and may be lighted by apertures through the exterior walls. If there 
be more than one room in breadth, it must run in the middle, and be lighted from 
above or at one or both ends. 

Patera. (Lat.) A vessel used in the Roman sacrifices, wherein the blood of the victims 
was received. It was generally shallow, flat, and circular. Its representation has been 
introduced as an ornament in friezes and fasciae, accompanied with festoons of flowers 
or busks, and other accessories. 

Paternosters. A species of ornament in the shape of beads, either round or oval, used 
in baguettes, astragals, &c. 

Pautre, le. See Architects, list of, 261. 

Pavement. (Lat. Paviraentum. ) A path or road laid or beaten in with stones or other 
materials. According to the information of Isidorus, the first people who paved their 
streets with stone were the Carthaginians. Appius Claudius, the founder of the Appian 
Way, appears to have introduced the practice into Rome, after which the Roman roads 
were universally paved, remains of them having been found in every part of the empire. 

In the interior of the Roman houses, the pavement was often laid upon timber fram> 
ing ; and the assemblages so constructed were called contignata pavimenta. The pave- 
ment called coassatio was made of oaken planks of the quercus e&culus^ which was least 
liable to warp. The Roman pavements were also frequently of mosaic work, that is, of 
square pieces of stone, called tesserae, in various patterns and figures, many of which 
remain in Britain to the present day. 

The various sorts of paving are as follows: — 1 . Pehble paving^ of stones collected 
from the sea beach, mostly obtained from Guernsey or Jersey. This is very durable if 
well laid. The stones vary in size, but those from six to nine inches deep are the best. 
Those of three inches in depth are called holders or bowlers, and are used for paving court- 
yards and those places where over-heavy weights do not pass. 2. Rag paving : inferior 
to the last, and usually from the vicinity of Maidstone, in Kent, whence it bears the 
name of Kentish rag stone. It is sometimes squared, and then used for paving coach- 
tracks and footways. 3. Purbeck pitchers, which are square stones, used in footways, 
brought from the island of Purbeck. They are useftil in court-yards ; the pieces running 
about five inches thick, and from six to ten inches square. 4. Squared paving, by some 
called Scotch paving, of a clear close stone, called blue wynn. This is now, however, 
quite out of use. 6. Granite, of the material which its name imports. 6. Guernsey 
paving, which, for street work, is the best in use. It is broken with iron hammers, and 
squared to any required dimensions, of a prismoidal figure, with a smaller base down- 
wards. It is commonly bedded in small gravel. 7. Purbeck paving, used for footways, 
of which the blue sort is the best, is obtained in pretty large surfaces, of about two inches 
and a half thick. 8. Yorkshire paving : a very good material, and procurable of very 
large dimensions. 9. Ryegate or Jire-stone paving, used for hearths, stoves, ovens, and 
other places subject to great heat, by which this stone, if kept dry, is not affected. 10. 
Newcastle flags, useful for the paving of offices. They run about one and a half to two 
inches thick, and about two feet square, and bear considerable resemblance to the York- 
shire. 11. Portland paving may be had from the island of Portland of almost any 
required dimensions. The squares are sometimes ornamented by cutting away their 
angles, and inserting small black marble squares, set diagonally. 12. Sweedland paving : 
a black slate dug in Leicestershire, useful for paving balls or for party-coloured paving. 
13. Marble paring, of as many sorts almost as there are species of marble. It is some- 
times inlaid after the manner of Mosaic work. 14. Flat brick paving, executed with 
bricks laid flat in sand, mortar, or grout, when liquid lime is poured into the joints. 

1 5. Brick or edge paving, executed in the manner of the last, except that the bricks are 
Imd on edge. 1 6 . Herring-bone paving : bricks laid diagonally to each other. See 
Herring-bone Work. 17. RricA^/awicndwi^cin sand, mortar, or grout. 18. Paving bricks, 
are made especially for the purpose, and are better than stocks. 1 9. Ten~inch tile paving. 
20. Fbo# tile paving, 21. Clinker pavisig. 

Hie pavements of churches are often in patterns of several colours, of which, to shew 
the great variety that may be obtained from a few colours, M. Truchet ( Mem. Acad. 
Fmn.^has proved that two square stones, divided diagonally into two colours, may be 
joined together chequerwise in sixty-four different ways. 

3 T 3 



1014 


GLOSSARY, ETC. 


Fatemext (Diai^nb.) That in which the ^ones, flags, ia Inr^ks are laid with their 
diagonals perpendicidar to the sides of the apartment. 

Pavilion. (ItaL Padiglione.) A turret or small buUdii^, generally insulated and com- 
prised under a single roof. The term is also applied to the projecting parts in Uie front 
of a building. They are usually higher than the rest of the building. 

Pedestal. (Compound, apparently, of Pes, a foot, and SruAor, a column.} The lowest 
division in an order of columns, called also stylobates and stereobates. It consists of three 
principal parts: the die, the cornice, and the base. See Book III. Chap. I. Sect. 8. 

Pediment. The triangular crowning part of a portico or aperture, which terminates ver- 
tically the sloping parts of the roof. In Gothic architecture, this triangular piece is 
much higher in proportion to its width, and is denominated a gable. The subject of 
pediments is iully treated of in Book 111. Chap. L Sect. 17. 

Pelasgic AacHiTECTUBE. See Book I. Chap. 11. Sect. 2. 

Pendent. (Lat.) An ornament suspended from the summit of Gothic vaulting, very 
often elaborately decorated. The mode in which stone pen- 
dents are constructed, will be immediately understood by a 
consideration of the annexed figure. The pendent was also 
used very frequently to timber-framed roofs, as in that of 
Cr(»by Hall, which has a series of pendents along the centre of 
it. Pendents are also attached to the ends of the hammer 
beams in Gothic timber roo&. 

Fendentive. The entire body of a vault suspended out of the 
perpendicular of the walls, and bearing against the arch boutants, or supporters. It is 
deBned by Daviler to be the portion of a vault between the arches of a dome, commonly 
enriched with sculpture. Felibien defines it as the plane of the vault contained between 
the double arches, the forming arches, and the ogives. See p. 560. 

Pendentivs Braceeting or Cave Bracketing. 'iliat springing from the rectangular 
walls of an apartment upwards to the filing, and forming the horizontal part of the 
ceiling Into a circle or ellipsis. 

Pbnucntivs Cradung. The timber work for sustaining the lath and plaster in vaulted 
ceilings. 

PcNKiBALE. (X^at.) The most sacred part of the temple, which generally contained an 
altar to Jupiter Hercteus, which appellation, according to Festus, was derived from ixpos, 
an enclosure, and supposed him the protector of its sanctity. 

Penetralia. (Xigt.) Small chapels dedicated to the Penates the innermost part of the 
Roman houses. In these it was the custom to deposit what the family considered most 
valuable. 

Penitentiary. In monastic establishments was a small square building, in which a peni- 
tent confined himself. The term was also applied to that part of a church to which 
penitents were admitted during divine service. The word, as used in the present time, 
implies a place for the reception of criminals whose crimes are not so heinous as to 
deserve punishment beyond that of solitary confinement and bard labour, and where 
means are used to reclmm as much as possible those who have become subject to the laws 
by transgressing them. See Prison, Book III. Chap. III. Sect. 18. 

Penstock. A small paddle, working up and down vertically in a grooved friune, for 
penning back water. 

Pkntadoron. (Or.) A i^ecies of brick used in ancient architecture, which was five 
palms long. 

Pentagon. (Gr. Uevre, five, and Tttvia, an angle.) In geometry, a figure of five sides and 
five angles. When the five sides are equal, the angles are so too, and the figure is called 
a regular pentagon. 

Pentagraph. See Pantograph. 

Periactl (Gh*. Tlepiayew, to revolve.) The revolving scenes in an ancient theatre, called 
by the Romans scenes versatiles, 

Peribolus. (Gr.) A court or enclosure within a wall, sometimes surrounding a temple. 
It was frequently ornamented with statues, altars, and monuments, and sometimes con- 
tained other smaller temples ora sacred grove. The peribolus of the temple of Jupiter 
Olympius, at Athens, was four stadia in circumference. 

Pbrcier. See Architects, list of, 317. 

Percy. See Archetects, list of, 1 84. 

Perez. See Architects, list of, 126. 

Peridrome. (Gr. Tlspt, about, Apofios, a course.) The space, in ancient architecture, be- 
tween the columns of a temple and the walls enclosing the ceUL 

Perimeter. (Gr.) The boundary of a figure. 

Periphery. (Gr. I surround.) The circumfer^ce of a circle, ^ipsis, para- 

bola, or other regular curvilinear figure. 

Periptery. (Gr.) The range of insulated columns round the cell of a temple. 
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Peripteral. (Or.) A»^t^ple surrounded by a periptery, that k, encompassed by columns. 
See Temple. 

Peristtlium. (Gr.) In Greek and Roman buildings, a court, square or cloister, which 
sometimes had a colonnade on three sides only, and therefore in that case improperly so 
called. Some peristylia had a colonnade on each of the four sides ; that on the south 
being sometimes higher than the rest, in which case it was called a Rhodian peristylium. 
The range of columns itself was called the peristyle. See Colonnade. 

Perithtrides. The same as Ancones, which see. 

Peritrocuium. (Gr.) A term in mechanics applied to a wheel or circle concentric with 
the base of a cylinder, and together with it moveable about an axis. 

Perpendicular. In geometry, a term applied to a right line falling directly on another 
line, so as to make equal angles on each side, called also a normal line. The same de- 
finition will hold of planes standing the one on the other. A perpendicular to a curve 
is a right line cutting the curve in a point where another right line to which it is per- 
pendicular makes a tangent with the curve. 

Perpend Stone or Perpender. A long stone reaching through the thickness of the wall, 
so as to be visible on both sides, and therefore wrought and smoothed at the ends. 

Perrault. See Architects, list of, 259. 

Perron. A French term, denoting a staircase, lying open or without side the building; 
or more properly the steps in the front of a building which lead into the first story, 
where it is raised a little above the level of the ground. 

Perronet. See Architects, list of, 298. 

Persian or Perskpolitan Architecture. See Bookl. Chap. II. Sect. 4. 

Persians. See Caryatides. 

Perspective. (Lat. Perspicio. ) The science which teaches the art of representing objects 
on a definite surface, so as from a certain position to affect the eye in the same manner 
as the objects themselves would. This art forms the subject of Book II. Chap. IV. 
Sect. 2. 

Pekuzzl See Architects, list of, 200. 

Pest House. A lazaretto or infirmary where persons, goods, &c., infected with the plague 
or other contagious disease, or suspected so to be, are lodged to prevent communication 
with others, and the consequent spread of the contagion. 

Peter or Colechuch. See Architects, list of, 106. 

Ph.£ax. See Architects, list of, 28. 

Phalange. (Gr.) A name applied by Vitruvius to a species of wooden rollers, used to 
transport heavy masses from one spot to another. 

Pharos. (Gr. from ^<as, a light, and Opaw, I see.) The name applied to an ancient^ight- 
house. See Book III. Chap. Ill, S^. 12. 

Pheasantry. A building or place for the purpose of breeding, rearing, and keeping 
pheasants. 

Philo. See Architects, list of, 26. 

Phonics. The doctrine of sounds, which has not yet been so reduced in its application 
to architecture as to have justified in this work more than its definition in this place. 
See the Sect. 16. Chap. III. Book HI. on Theatrrs. 

Photometer. (Gr.) An instrument for measuring the different intensities of light. 

Piazza. (Ital.) A square open space surrounded by buildings. The terra is very fi^ 
quently and very ignorantly used to denote a walk under an arcade. 

PiEDRoiT. (Fr.) A French term, signifying a pier or square pillar, partly hid within a 
wall. It diffem from a pilaster in having neither base nor capital. 

Pier. (Fr.) A solid between the doors or windows of a building. The square or 
other formed mass or post to which a gate is hung. Also the solid support from 
which an arch springs. In a bridge, the pier next the shore is usually called an abut- 
ment pier. 

Pietro di Gamiel. See Architects, list of, 195. 

Pietro San. See Architects, list of, 119. 

Pilaster. (Fr.) A sort of square column, sometimes insulated, but more commonly 
^ ® wall, and projecting only a fourth or fifth of its thickness. See Book III. 
Chap. I. Sect. 14. 

Piles. (Lat.) Lar^ timbers driven into the earth, upon whose heads is laid the founda- 
tion of a building in marshy and loose soils. Amsterdam and some other cities are built 
wholly upon piles. The stoppage of Dagenham Breach was effected by piles mortised 
into one another by dovetail joints. They are best and most firmly driven by repeated 
strokes ; but for the saving of time, a pile engine is generally used, in app^rance and 
effect very much like a guillotine, which, having raised the monkey or hammer to a cer- 
height, lets it, by pressing the clasps which carry it up, suddenly drop down on the 
pile to be driven. 

Pillar. (Fr. Piher.) A column of irregular form, always disengaged, and always de« 
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viating from the proportions of the orders, whence the distinction betweoi a colunm and 
a pillar. In any other sense it is improperly used. ^ ^ 

Pin. In carpentry, a cylindrical piece of wood driven to (K>nnect pieces of framing 
together. 

PiKKACLE. ( Low Lat. Pinnaculum. ) A summit or apex. The term is. usually applied 
to the ornament in Gothic architecture placed on the top of a buttr^, or as the ter- 
mination to the *angle of the gable of a building. It is also placed on different parts of a 
parapet, at the sides of niches, and in other situations. Its form is usually slender, and 
tapers to a point. 

Pinning up. In underpinning the driving the wedges under the upper work so as to 
bring it fully to bear upon the work below. 

The term pinning is also used to denote the fastening of tiles together with pins or 
pieces of heart of oak in the covering of buildings. 

Pino, di. See Architects, list of, 201. 

PiNTEtu. See Architects, list of, 155. 

Pipe. A conveyance for water or soil from any part of a building, usually of lead or iron. 
When for the supply of water to a building it is called a service pipe ; when for carrying 
off water, a waste pipe ; and when for carrying off soil, a soil pipe ; and those which 
carry away the rain from a building are called rain-water pipes. When a cistern or 
reservoir is supplied in such a way that those who labour to fill it should be made aware 
that it is full, the pipe which discharges the overflow is called a warning pipe. 

Pippi. See Architects, list of, 218. 

Piscina. (liat.) Among the Romans this term was applied to a fish-pond, to a shallow 
reservoir for practising swimming, and to a place for watering horses and washing 
clothes. The piscina in ecclesiastical architecture was a bowl for water, generally in a 
niche in the wall of the church wherein the priest laved his hands. There was usually 
one attached to every altar for the priest to wash his hands on the performance of the 
sacred rites. The variety of their form is great ; some were extremely simple, others 
very richly decorated. 

Pise. A species of walling, of latter years used in France, made of stiff earth or clay 
rammed in between moulds as it is carried up. This method of walling was however in 
very early use. (P/m. lib. xxxiv, cliap. 14.) 

Pit op a Theatre. The part on the ground-floor between the lower range of boxes and 
the stage. 

Pitch. A term generally applied to the vertical angles formed by the inclined sides of 
a roof 

Pitching Piece. In staircasing, an horixontal piece of timber, having one of its ends 
wedged into the wall at the upper part of a flight of steps, to support the upper ends of 
the rotigh strings. See Apron Piece, 

Pivot. ( Fr. ) The sharpened point upon which a perpendicular wheel performs its revo- 
lutions. 

Place Bricks. See p. 504. 

Plafond or Platfond, (Fr.) The ceiling of a room, whether fiat or arched; also the 
under-side of the projection of the larmier of the cornice ; generally any soHte. 

Plain or Plane Angle. One contained under two lines and surfaces, so called to dis- 
tinguish it from a solid angle. 

Plain Tiles, properly Plane Tiles. Those whose surfaces are planes. See Book II. 
Chap. II. Sect. 9. 

Plan. (Fr.) The representation of the horizontal section of a building, showing its dis- 
tribution, the form and extent of its various parts. In the plans made by the architect, 
it is customary to distinguish the massive parts, such as walls, by a dark colour, so as to 
separate them from the voids or open spaces. In a geometrical plan^ which is that above 
mentioned, the parts are represented in their natural proportions. A perspective plan is 
drawn according to the rules of perspective. The raised plan of a building is the 
elevation of it. 

Planceer. The same as the sofite or under-surface of the corona ; the word is however 
very often used generally to mean any sofite. 

Plane. ( Lat. Planus. ) A tool used by artificers that work in wood for the purpose of 
producing thereon a flat even surfece. There are various sorts of planes, whose descrip- 
tion will be found at p. 564. 

Plane. In geometry, a sur&ce that coincides in every direction with a straight lin^ 

Plane, geometrical. In perspective, a plane parallel to the horizon, whereon the object 
to be delineated is supposed to be placed. It is usually at right angles with the per- 
spective plane. 

Plane, horizontal. In perspective, a plane passing through the spectator’s eye, parallri 
to the horizon, and cutting the perspective plane in a straight line, called the horizontal line. 

Plane, ikcuned. One that makes an oblique angle with a horizontal plane. 
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Flake, objective. Any plane, &ce, or side of an original object to be delineated on the 
perspective plane. 

Flake, perspective. That interposed between the original objects and the eye of the 
spectator, and whereon the objects are to be delineated. 

Flake Trigonometry. See Book II. Chap. I. Sect. 4. 

Flanimetry. That branch of geometry which treats of lines and sur&ces only, without 
reference to their height or depth. 

Plank. (Fr.) A name given generally to all timber, except fir, which is less than four 
inches thick and thicker than one inch and a half. See Board. 

Plaster and Plasterer’s Work. See Book II. Chap. III. Sect. 9. 

Plaster of Paris. A preparation of gypsum, originally procured in the vicinity of Mont 
Martre near Paris. TTie plaster stone, or alabaster, is, however, found in many parts of 
England, as at Chelaston near Derby, and Beacon Hill near Newark. The former pits 
yield about 800 tons a year. It is ground and frequently used for manure, or rather as 
a stimulant for grass. It is calcined into the plaster used by the modeller, plasterer, 
&c. When diluted with water into a thin paste, plaster of Paris sets rapidly, and at 
the instant of setting, its bulk is increased. Mr. Boyle found by experiment that a 
glass vessel filed with this paste, and close stopped, bursts while the mixture sets, a 
quantity of water sometimes issuing through the cracks ; hence this material becomes 
valuable for filling cavities, &c., when other earths would shrink. The gypsum is pre- 
pared either by burning or boiling, and loses from four to six cwt. in a ton. After 
burning, it is ground into powder in a mill. 

Platband, Any flat and square moulding whose projection is much less than its height, 
such are the fasciae of an architrave, the list between flutings, &c. The platband of 
a door or window is the lintel, when it is made square and not much arched. 

Plate. A general term applied to those horizontal pieces of timber lying mostly on walls 
for the reception of another assemblage of timbers. Thus, a wall plate is laid round the 
walls of a building to receive the timbering of a floor and roof; a gutter plate under 
the gutter of a budding, &c. 

Plate Glass. See Glass. 

Plate Rack. A fixture over the sink in a scullery for the reception of dinner plates and 
dishes after washing. 

Platform. An assemblage of timbers for carrying a fat covering of a house, or the flat 
covering itself, A terrace or open walk at the top of a building. 

Plinth. (Gr. UXivBosy a brick.) The lower square member of abase of a column or 
pedestal. In a wall the terra plinth is applied to two or three rows of bricks which 
project from the face. 

Plotting. The art of laying down on paper the angles and lines of a plot of land by any 
instrument used in surveying. 

Plug. A piece of timber driven perpendicularly into a wall with the projecting part 
sawn away, so as to be flush with the face. 

Plug and Feather, or Key and Feather. A name given to a method of dividing hard 
stones by means of a long tapering wedge, called the keg, and wedge-shaped pieces of 
iron called feathers, which are driven into holes previously drilled into the rock for the 
purpose, and thus forcibly split it. 

Plumbing. (Lat. Pluinbus.) The art of casting and working in lead and using it in 
building. See Book II. Chap, III. Sect. 7. 

Plumb Rule, Plumb Line, or Plummet. An instrument used by masons, carpenters, 
&c., to draw perpendiculars or verticals, for ascertaining whether their work be upright, 
horizontal, and so on. The instrument is little more than a piece of lead or plummet 
at the end of a string, sometimes descending along a wooden or metal ruler raised per- 
pendicularly on another, and then it is called a level. See Level. 

Podium. (Lat.) A continued pedestal. A projection which surrounded the arena of the 
ancient amphitheatre. See Amphitheatre. 

Point. (Lat. Punctura.) In geometry, according to Euclid, that which has neither length, 
breadth, nor thickness. 

Point, accidental. In perspective, a term used by the old writers on the science to 
signify the vanishing point. 

Point of Distance. In perspective, the distance of the picture transferred upon the 
vanishing line from the centre, or from the point where the principal ray meets it, whence 
it is generally understood to be on the vanishing line of the horizon- See Distance. 

Point, objective. A point on a geometrical plme whose representation is required on 
the perspective plane. 

Point of Sight. The place of the eye whence the picture is viewed, according to Dr. 
Brook Taylor, but, according to the old writers on perspective, is what is now called 
the centre of the picture. 

Point of View. The point of sight. 
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Pointed A&ch.« See p. \\9, et seq. 

Pointed Architecture. See Book I. Chap. II. Sect. 15. 

Pointing. The raking out the mortar from between the joints of brickwork, and re- 
placing the same with new mortar 

Points of Support. The points or sur&ces on which a building rests. See p. 438. 

Polishing. See Marble. 

PoLLAJOLO. See Architects, list of, 179. 

Pollard. A tree which has been frequently lopped or polled of its head and branches, a 
practice very injurious to good timber. 

Polygon. (Gr. IIoXw, many, and Tsavia, an angle.) A multilateral figure, or one whose 
perimeter consists of more than four sides and angles. If the sides and angles be equal 
the figure is called a regular polygon. Polygons are distinguished according to the 
number of the sides ; thus those of 6ve sides are called pentagons, those of six, hexa- 
gons, those of seven, heptagons, and so on. The subjoined is a table of the areas and 
perpendiculars of polygons the side being =: 1 . 


Number of Sides. 

Names of Polygons. 

Area. 

Perpendiculars . 

3 

Trigon - 
Tetragon 


•433013 

•2886751 

4 


2-000000 

-5000000 

5 

Pentagon 

- 

1 -720477 

*6881910 

6 

Hexagon 

- 

2.598076 

•8660254 

7 

Heptagon 

- 

3*633912 

1-0382617 

8 

Octagon 

- 

4-828427 

1-2071068 

9 

Enneagon 

- 

6-181824 

1 -3737387 

10 

Decagon 

- 

7 -694209 

1-5388418 

11 

Endecagon 


9-365640 

1 -7028437 

12 

Dodecagon 

- 

11-196152 

1 -8660254 


From the above to find the area of a regular polygon, multiply one of the sides of the 
polygon by the perpendicular from the centre on that side, and multiply half the pro- 
duct by the number of sides ; or, multiply the square of the given side of the polygon 
by the number opposite to its name under the word area. 

Polygram. (Gr.) A figure consisting of many lines. 

PoLTUJBDRON. (Gr.) A solld contained under many sides or planes. If the sides of a 
polyhedron be regular polygons, all similar and equal, it becomes a regular body, and 
may be inscribed in a sphere, that is, a sphere may be drawn round it, so that its surface 
shall touch all the solid angles of the body. 

Polysttle. (Gr. IloAi/s and StcXos.) Of many columns. See Colonnade. 

PoaiEL. (Lat. Pomum.) A globular protuberance terminating a pinnacle, &c. 

Pontoon. (Fr.) A bridge of boats. 

Poore. See Architects, list of, 112. 

Poplar. (Lat. Populus.) A tree sometimes used in building. See p. 486. 

Porch. (Fr.) An exterior appendage to a building, forming a covered approach to one 
of its principal doorways. 

Porphyry. (Gr.) A very hard stone, partaking of the nature of granite. It b not so fine 
as many of the ordinary marbles, but far exceeds them in hardness, and will take a very 
fine polish. It is still found in Egypt in immense strata. It is generally of a high 
purple, which varies, however, from claret colour to violet. Its variations are rarely dis- 
posed in grains. The red lead coloured porphyry, which abounds in Minorca, is variegated 
with black, white, and green, and is a beautiful and valuable material. The pale and 
red porphyry, variegated with black, white, and green, is found in Arabia Petr®a and 
Upper Egypt, and in separate nodules in Germany, England, and Ireland. The sorts 
best known are what the Italians call the porfido rosso (red), which is of a deep red with 
oblong white spots ; the latter are of feld spath, w’hich resembles schorl. There are two 
varieties of black porphyry, the porjido nero, or black porphyry, and that called the 
serpentina nero antico. The first has a ground entirely black, spotted with oblong white 
spots like the red porphyry ; the other has also a black ground with great white spots, 
oblong, or rather in the form of a parallelopipedon, nearly resembling in colour what 
the French call serpentin vert antique. The hroicn porphyry has a brown ground with 
large oblong greenish spots. There are several sorts of green porphyry, which the 
Italians principally distinguish by the names of serpentina antico verde, found in great 
abundance and in large blocks in the neighbourhood of the ancient Ostia, of a green 
ground with oblong spots of a lighter shade of the same colour ; and the porfido verde, 
which is of aground of very dark green, almost approaching to black, with lighter shades 
of a fine grass green. The art of cutting porphyry, as practised by the ancients, appears 
to be now quite lost. 
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Portal. (Fr. Portail, from Lat Porta.) The arch over a door or gate ; the framework 
of the gate ; the lesser gate, when there are two of different dimensions at one entrance. 
This term was formerly applied to a small square corner in a room separated from the 
rest of the apartment by wainscotting. 

Portcullis. (Fr.) A strong grated framing of timber, resembling a harrow, the vertical 
pieces whereof were pointed with iron at the bottom, for the purpose of striking into 
the ground when it was dropped, and also to break and destroy that upon which it fell. It 
was made to slide up and down in a groove of solid stone-work within the arch of the por- 
tals of old castles. Its introduction is supposed to have been in the early Norman castles. 

Portico. (Lat. Porticus.) See Colonnade. 

Portland Stone. A dull white species of stone brought from the island of Portland. 
See p. 468, et seq. 

Portuguese Architecture. See Book 1. Chap. II. Sect. 19. 

Position. In geometry, the situation of one thing in regard to another. Speaking 
architecturally, it is the situation of a building in respect of the four cardinal points of 
the horizon. 

Post. ( Fr.) An upright piece of timber set in the earth. Any piece of timber whose 
office is to support or sustain in a vertical direction, as the king and queen posts in a roof, 
is so called. 

Post and Paling. A close wooden fence constructed with posts fixed in the ground and 
pales nailed between them. This kind of fence is sometimes called post and railing^ 
though this latter is rather a kind of open wooden fence, used for the protection of young 
quickset hedges, consisting of posts and rails, &c. 

Posticum. (Lat.) See Cell. 

Postscenium or Parascenium. (Lat.) In ancient architecture, the back part of the theatre, 
where the machinery was deposited, and where the actors retired to robe themselves. 

PosTUMius, C. See Architects, list of, 37. 

Poultry House. A building for the shelter and rearing of poultry, whereof, perhaps, the 
finest example is that at Winnington in Cheshire. The front is one hundred and forty 
feet in length, with a pavilion at each end, united to the centre by a colonnade of small 
cast'iron pillars, supporting a slated roof, which shelters a paved walk. In the centre 
of the front are four strong columns, and as many pilasters, supporting a slated roof, with 
an iron gate between them, from which a large semicircular court is entered, with a co- 
lonnade round it, and places for the poultry. On one side of the gate is a small parlour, 
and at the other end of the colonnade a kitchen. 

Power. In mechanics, a force which, applied to a machine, tends to produce motion. If it 
actually produce it, it is called a moving power, if not, it is called a sustaining power. The 
term is also used in respect of the six simple machines, viz. the lever, the balance, the screw, 
the axis in peritrochio, the wedge, and the pulley, which are called the mechanical powers. 

Pozzo, Del. See Architects, list of, 157. 

Pozzolano. See Puzzolano. 

pR.*ciNCTio (Lat.) or Balteus. A wide seat, or rather step, round the audience part of 
the ancient theatres and amphitheatres. It was termed bia^wfia by the Greeks. 

Preaching Cross. A cross erected in the highway, at which the monks and others 
preached to the public. 

Preceptory, a manor or estate of the knights templars, on which a church was erected 
for religious service, and a convenient house for habitation, and generally placed under 
one of the more eminent members of the fraternity, called the prceceptores templi, to have 
care of the lands and rents of the place. The preceptories were nothing more than cells 
to the temple, or principal house of the knights in London. 

Presbytery. That part of the church reserved for the officiating priests, comprising the 
choir and other eastern parts of the edifice. 

Preserving Timber. See p. 489. 

Prices or Work. See p. 620, et seq. 

Prick Post. The same as Queen Post. 

Prime. (Lat.) A figure in geometry that cannot be divided into any other figures more 
simple than itself, as a triangle in plane figures, and a pyramid in solids. 

A prime number is one that cannot be divided by another number without a remainder. 

Priming. In painter’s work, the first colouring of the work, which forms a ground for 
the succeeding coats. 

Principal Brace. One immediately under the principal rafters, or parallel to them, in 
a state of compression, assisting, with the principals, to support the timbers of the roof. 

Principal Point. In perspective, a point in the perspective plane upon which a line will 
fail drawn from the eye perpendicular to that plane, 'fhe principal point is, in fact, the 
intersection of the horizontal and vertical planes, or the point of sight, or of the eye. 

Principal Rafters. Those whose sizes are larger than the common rafters, and framed 
in such a manner as to bear the principal weight of the others. See p. 548. 
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Principal Ray. In perspective, the line passing from the eye to the principal point on 
the perspective plane. 

Priory. A building similar in its constitution to a monastery or abbey, the head whereof 
was called a prior or prioress. 

Prism. ( Gr. Hpicixa. ) In geometry, an oblong or solid body contained under more than 
four planes, whose bases are equal, parallel, and similarly situate. 

pRisMOXD. A solid figure, having for its two ends any dissimilar parallel plane figure of 
the same number of sides, and all the upright sides of the solid trapezoids. If the ends 
of the prismoid be bounded by dissimilar curves, it is sometimes called a cylindroid. 

Prison. A building erected for the confinement, or safe custody, of those who have trans- 
gressed the laws of their country, until, in due course of time, they are discharged. See 
Book III. Chap. III. Sect. 18. 

Private Buildings. See Book III. Chap. III. Sects. 20, 21, 22. 

Problem. (Gr.) In geometry, a proposition in which some operation or construction is 
required, as to divide a line, to make an angle, to draw a circle through three points not 
in a right line, &c. A problem consists of three parts: the proposition, which states 
what is required to be done ; the resolution or solution, wherein are rehearsed the step or 
steps by which it is done ; and the demonstration, wherein it is shown that by doing the 
several things prescribed in the resolution the thing required is obtained. 

Prodomus. In ancient architecture, the portico before the entrance to the cell of a temple. 
See Cell. 

Producing. In geometry, the continuing a right line to any required length. 

Profile. Tlie vertical section of a body. It is principally used in its architectural sense 
to signify the contour of architectural members, as of bases, cornices, &c. The profile of 
an order is in fact the outline of the whole and its parts, the drawing whereof is technically 
called profiling the order. Profiles of doors are given in Book III. Chap. I. Sect. 19. 

Projection. The art of representing a body on a plane by drawing straight lines through 
a given point, or parallel from the contour and from the intermediate lines of the body, 
if any, so as to cut the plane. When the projection is made by drawing straight lines from 
a point, it is called a perspective representaticm ; but if formed by parallel lines, it is called 
BXi orthographical representaiion. See Perspective, in Book II. Chap. V. I^ct. 2., and 
Descriptive Geometry, Book II. Chap. I. Sect. 6. For the method of projecting sha- 
dows, see Book II. Chap. IV. Sect. 3. 

Projectcre. An out-jetting or prominence beyond the naked of a wall, column, &c. By 
the Greeks projectures were called €K<popaif by the Italians sporti, by the French saillh ; so 
our workmen called them sailings over. 

Prolate. (Lat.) An epithet applied to a spheroid when generated by the revolution of a 
semi-ellipsis about its longer diameter. 

pRONAOs. See Cell, 

Proportion. The just magnitude of each part, and of each part to another, so as to be 
suitable to the end in view. For the proportions of the several parts of a building, the 
reader is referred to Book III. Chap. I., wherein they are considered at length. 

Proportional Compasses, See Compasses. 

Proportions of Rooms. See Book III. Chap. I. Sect. 25. 

pROFyL,®u»L (Gr. IIpo, before, and IIvAij, a portal.) Any court or vestibule before a build- 
or before its principal part ; l>ut more particularly the entrance to such court or 
v^tibule. 

Proscenium. (Gr.) That part in the ancient theatre whereon the actors performed in 
front of the scene, being what we call the stage. The Romans called this part the 
pulpitum. 

Prostyle. (Gr. Ilpo, and StwAoj, a column. ) A portico in which the columns stand in 
advance of the building to which they belong. 

Prothvris. (Gr.) A word used in ancient architecture to signify a cross beam or overthwart 
rafter, as likewise a quoin or course of a wall. See Console. 

Prothvrum. ( Gr. ) A porch at the outer door of a house ; a portal. 

Protractor. (Lat. Protractus.) An instrument for laying down an angle in drawing or 
plotting. ® 

PSEUDISODOMUM. ScC IsODOMUM. 

PsEUDODiPTERAL Or False Dipteral. A disposition in the temples of antiquity wherein 
there were eight columns in front and only one range round the cell. It is called false 
or imperfect, because the cell only occupying the width of four columns, the sides from 
the columns to the walls of the cell have no columns therein, though the front and rear 
present a column in the middle of the void. See Temple. 

PsEu^pERiPTERAL or Imperfect Peripteral. A disposition in the ancient temples, in 
which the columns on the sides were engaged in the wall, and wherein there was no 
portico except to the %ade in front ; such are the Mmson Carrce at Nismes, and the 
temple of Fortuna Virilis at Rome. 
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Ptera. Sec Aisles. 

Pterojia- ( Gr. Tlrepoy, a wing. ) The space between the wall of the cell of a temple anrl 
the columns of the peristyle, called also antbtdatio. 

Puddling. The filling behind a wall, filling up a cavity, or banking up with clay tem- 
pered with water, and carefully rammed down with the repeated strokes of beaters or 
beetles. 

Pugging. A coarse kind of mortar laid upon the sound boarding between joists, to pre- 
vent the transmission of sound from the apartment above to that below. 

Pug-piling. The same as dovetailed piling, or pile planking. 

Pullet. (Fr.) One of the five mechanical powers, consisting of a wheel or rundle, having 
a channel around it and turning on an axis, serving, by means of a rope which slides in 
its channel, for the raising of weights. See p. 391. 

Pulley Mortise. The same as Chase Mortise, which see. 

Pulpit. (Ital. Pulpito.) An elevated place, an enclosed stage or platform for a preacher 
in a church. The ancient ambo served the same purpose. The pulpits of the present 
day are generally wretched affairs, and have great affinity in form to sugar hogsheads 
or rum puncheons with the heads knocked out. The Catholic churches abroad almost 
invariably furnish fine specimens of carving and composition in their pulpits. 

PuLPiTUM. (Lat.) See Proscenium. 

PuLviNARiA. (Lat.) Cushions in the ancient temples whereon the statues of the gods 
were sometimes laid. 

PuLviNATED. See Frieze. 

Pump. See p. 584, 585., where the different pumps for buildings are described. 

PuNCHioN, (Fr. Poin9on. ) A name common to iron instruments used in different trades 
for cutting, inciding, or piercing a body. In carpentry it is a piece of timber placed 
upright between two posts whose bearing is too great, serving, together with them, to 
sustain some heavy weight. The term is also applied to a piece of timber raised 
upright under the ridge of a building, and in which are Jointed the small timbers. Also 
to the arbor or principal part of a machine on which it turns vertically, as that of a 
crane. 

PuRBECK Stone. A species of stone obtained from the island of Purbeck in Dorsetshire, 
of a very hard texture. 

PuRFLED. (Fr. Pourfiler.) Ornamented work in stone, or other material, representing em- 
broidery, drapery, or lace work. 

Purlins. Horizontal pieces of timber lying generally on the principal rafters of a roof to 
lessen the bearings of the common rafters. 

PuTEAL. The marginal stone of a well. The celebrated one of Scribonius Libo was 
erected by order of the senate to mark the spot where a thunderbolt bad fallen near the 
statues of Marsyas and Janus by the Comitia. 

Putlogs. See Ledgers. 

Putty. A sort of paste consisting of whiting, with or without a small portion of white 
lead, and linseed oil, beaten together until it assumesakind of tough consistency like dough. 
In this state it is used by glaziers for fixing in the squares of glass to sash windows, &c., 
and also by house-painters to stop up holes and cavities in woodwork before painting. 

Puzzolana. a grey-coloured earth deriving its name from Puzzuoli, whence it was origi- 
nally brought. It is a volcanic matter found in many other parts of Italy, and generally 
in the neighliourhood of volcanoes active or extinct, from which it has been thrown out 
in the form of ashes. It immediately hardens when mixed with one-third of its weight of 
lime and water, forming an admirable water cement. See Book II. Chap. II. Sect. 10. 

Pycnostyle. (Gr. Uvkvos, close, and SruAoy, column.) See Colonnade, 

Pyramid. ( Gr. IIup, fire. ) A solid standing on a square, triangular, or polygonal basis, 
and terminating at top in a point ; or a body whose base is a regular rectilinear figure 
and whose sides are plain triangles, their several verticals meeting together in one point. 
It is defined by Euclid as a solid figure consisting of several triangles whose bases are 
all in the same plane and have one common vertex. ^Tien the base of a pyramid is but 
small in proportion to its height, it is called an obelisk. See that word. For some 
account of the pyramids of Egypt see Book I, Chap. II. Sect 7. 

The principal properties of pyramids are as follow • — 1. All pyramids and cones 
standing on the same base and having the same altitude are equal. 2. A triangular 
pyramid is the third part of a prism, standing on the same base and of the same altitude. 
3. Hence, since every multangular may l>e divided into triangulars, every pyramid is the 
third part of a prism standing on the same base and of the same altitude. 4. If a pyra- 
mid be cut by a plane parallel to its base, the sections will be similar to the base. 5. 
All pyramids, prisms, cylinders, &c., are in a ratio compounded of their bases and alti- 
tudes; the bases therefore being equal they are in proportion to their altitudes, and the 
altitudes being equal, they are in proportion to their bases. 6. Similar pyramids, 
prisms, cylinders, cones, &c., are in a triplicate ratio of their homologous sides. 7. 
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Equal pyramids, &c., reciprocate their bases and altitudes, i. e. the altitude of one is to 
that of the other, as the base of the one is to the base of the other. 8. A sphere is equal 
to a pyramid whose base is equal to the surface, and its height to the radius of the 
sphere. 

Pyramid, Frustum of a. See Frustum. 

Pyramidion. The small flat pyramid which terminates the top of an obelisk 

Pythius. See Architects, list of, 8. 


a 

Quadra. (Ital.) A square border of frame round a basso-relievo, panel, &c. ; the term is 
not strictly applicable to any circular border. The term is also applied to the bands or 
fillets of the Ionic base on each side of the scotia ; and also to the plinth or lower mem- 
ber of the podium. 

Quadrangle. Any figure with four angles and four sides. This term is in architecture 
in England applied to the inner square or rectangular court of a building, as in the 
college courts of Oxford, &c. 

Quadrant. (Lat.) The quarter of a circle, or an arc of it containing ninety degrees within 
its enclosed angle. 

Quadrature. (Lat.) The determination of the area of a figure in a square, or even any 
other rectilinear form. 

Quadrels. Artificial stones perfectly square, whence their name, much used formerly by 
the Italian architects. They were made of a chalky or whitish and pliable earth, and 
dried in the shade for at least two years. 

Quadrifores. (Lat.) In ancient architecture folding doors whose height was divided 
into two parts. \^ien they opened in one height, they were termed fores valvata or 
valvee* 

Quadrilateral. In geometry a figure whose perimeter consists of four right lines making 
four angles, whence it is also called a quadrangular figure. 

Quarrel, vulgarly called Quarry. (Fr. Carre.) A square or lozenge-shaped piece of 
glass used in lead casements. 

Quarry. (Irish, Carrig.) A place whence stones or slates are procured. The principal 
stone quarries of England have been given in the body of the work, Book II. Chap. 11. 
Sect. 1. to which place the reader is referred. The slates obtained from the different 
quarries of the country may be found from the information in Book II. Chap. II. 
Sect. 8. 

Quarrying. The operation of extracting the produce of a quarry is one which requires 
much practical knowledge to render it ^neficial to the owner of a quarry, but in respect 
of the particulars whereof this work does not require our notice. 

Quarter Grain. See Felt Grain. 

Quarter Pace. See Foot Pace. 

Quarter Partition. One consisting of quarters. 

Quarter Round. The same as Ovolo and Echinus, which see, being a moulding whose 
profile is the quadrant of a circle. 

Quartering. A series of quarters, as in a partition, &c. 

Quarterfoil. (Ff. Quatrefeuille. ) A modem term denoting a form disposed in four 
segments of circles, and so called from its imagined resemblance to an expanded flower 
of four petals. It is only found in the windows, pannels, &c. , of Gothic architecture. 
Mr. Gunn with charming simplicity, not unusual among the amateur writers on Gothic 
architecture, th inks that the form has no reference to any type in the vegetable kingdom, 
but that it was originally a representation of the Greek cross rounded towards the extre- 
mities. If the writings on the subject from the two universities of the country were all 
put in juxtaposition, they would perhaps afford more scope for mirth than was ever 
exhibited on any subject. 

Quarters. Small vertical timber posts, rarely exceeding four by three inches, used instead 
of walls for the separation or boundary of apartments. They are placed, or ought to be, 
about twelve inches apart, and are usually lathed and plastered in the internal apart- 
ments, but if used for external purposes are commonly boarded. 

QuartL (Germ.) A mineral production better known by the name of rock crystal. It 
includes a variety of stones with which we have nothing here to do, and the only motive 
for mentioning it is its occurrence in the granites, wherein it is immediately recognised, 
from its glass-like appearance. 

Quay. (Fr.) A bank formed towards the sea or on the side of a river for free passage, or 
for the purpose of unloading merchandise. 

Queen-post. A suspending post where there are two in a trussed roof. 

Quicklime. See Book II. Chap. II. Sect 10- 

Quirk. A piece taken out of any regular ground-plot or floor ; thus, if the ground- 
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plan were square or oblong, and a piece were taken out of the corner, such piece is called 
a quirk 

Quirk Moulding. One whose sharp and sudden return from its extreme projection to the 
re-entrant angle seems rather to partake of a straight line on the profile than of the curve. 
Of this class are a great number of the ancient Greek mouldings. 

Quoins. (Fr. Coin.) A term applied to any external angle, but more especially applied 
to the angular courses of stone raised from the naked of the wall at the corner of a 
building, and called rustic quoins. See Rustic Quoins. 


R. 


Rabbet. See Rebate. 

Rabirius. See Architects, list of, 44. 

Rack. The case, enclosed by bars, over the manger in a stable, wherein the hay is placed 
for the horses. 

Radial Curves. In geometry, those of the spiral kind whose ordinates all terminate in the 
centre of the including circle, and appear like so many radii of such circle. 

Radius. In geometry, the semidiameter of a circle, or a right line drawn from the centre 
to the circumference. 

Radius of Curvature. The radius of the osculatory circle at any point in a curve. See 

OsCULATORY CiRCLE. 

Raffaelle d’Urbino. See Architects, list of, 185. 

Rafters. (Quasi, Roof-trees.) The inclined timbers of a roof, whose edges are in the same 
plane which is parallel to the covering. The rules and regulations that affect their dis- 
position will be found in p. 544, at seq. 

Rags and Rag Slates. See Book II. Chap. II. Sect. 8. 

Rail. (Germ. Riegel.) A term applied in various ways, but more particularly to those 
pieces of timber or wood lying horizontally, whether between the panels of wainscotting or 
of doors, or under or over the compartments of balustrades, &c. ; to pieces, in framing, 
that lie from post to post in fences ; in short, to all pieces lying in an horizontal direction 
which separate one compartment from another. 

Raimond. See Architects, list of, 93. 

Rain-water Pipe. One usually placed against the exterior of a house to carry off the rain- 
water from the roof. 

Raising Piece. One which lies under a beam or beams and over the posts or pun- 
chions. The term is chiefly used in respect of buildings constructed of timber frame- 
work. 

Raking. A term applied to any member whose arrisses lie inclined to the horizon. 

Ramp. (Fr.) In handrails, a concavity on the upper side formed over risers, or over a 
half or quarter pace, by a sudden rise of the steps above, which frequently occasions a 
knee above the ramp. The term is also applied to any concave form, as in coping, 
&c., where a higher is to be jo'med by a continued line to a lower body. 

Rampant Arch. One whose abutments or springings are not on the same level. 

Range or Ranging. (Fr.) A term applied to the edges of a number of bodies when 
standing in a given plane. Thus, if the edges of the ribs of a groin were placed in a 
cylindric surface, they would be said to range. It is also used in respect of a work 
that runs straight without breaking into angles. 

Ranulph. See Architects, list of, 91, 

Rari. See Architects, list of, 140. 

Rate. An expression used in the Building Act (seep. SI 9.) to denote the particular 
class to which a building belongs, in order to detennine the thickness of its walls and 
mode of building. 

Ray, principal. In perspective, the perpendicular distance between the eye and the per- 
spective plane. 

Rebate. (Fr. Rebattre.) A groove or channel cut on a piece of wood, longitudinally, to 
receive the edge of a body, or the ends of a number of bodies that are to be secured to 
it. The depth of the channel is equal to the thickness of the body ; so that when the 
end of the latter is let into the rebate, it is in the same face with the outside of the 
piece. 

Rebate Planf. One used for sinking rebates. 

Recess. (Lat. Recede.) A cavity left in a wall, sometimes for use, as to receive a side- 
board, ^d, &c.. or to add to the quantity of floor room, and sometimes for ornament, as 
when formed into a niche, &c. 

Rectangle. In geometry, a figure whose angles are all right angles. Solids are called 
rectangular with respect to their position, as a cone, cylinder, &c., when perpendicular to 
the plane of the horizon. A parabola was anciently called a rectangular section of a cone. 
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Rectification. In geometry, the finding of a right line that shall be equal to a giren 
curve, or simply finding the length of a curve. 

Rectilinear. A figure whose boundaries are right lines. 

Rede. See Architects, list of, 143. 

Reduct. A quirk or small piece taken out of a larger to make it more uniform and 
regular. 

Reduction of a figure, design, or draught, is the copying it on a smaller scale than the 
original, preserving the same form and proportions. For this purpose a pair of propor- 
tional compasses are generally used, by which the labour is much lessened. 

Refectory. (Lat.) A room for taking refreshments. See Abbey, 

Reflex. The light reflected from a surfoce in light to one in shade. 

Reg LET. (Fr.) A flat narrow moulding, used chiefly to separate the parts or members of 
compartments or panels from each other, or to form knots, frets, and other ornaments. 

Regaating. In masonry, the process of removing the outer surface of an old hewn stone, 
so as to give it a fresh appearance. 

Regula. (Lat.) A band below the taenia in the Doric architrave. 

Regular. An epithet to a figure when it is equilateral and equiangular. A body is said 
to be regular when it is bounded by regular and equal planes, and has all its solid angles 
equal. 

Regular Architecture. That which has its parts symmetrical or disposed in counter- 
parts. 

Regular Curves. The perimeters of conic sections, which are always curved after the 
same geometrical manner. 

Reins of a Vault. The sides or walls that sustain the arch. 

Rejointino. The filling up the joints of stones in old buildings when the mortar has been 
dislodged by age and the action of the weather. 

Relation. The direct conformity to each other, and to the whole, of the parts of a 
building. 

Remigius. See Architects, list of, 82. 

Rendering. The act of laying the first coat of plaster on brickwork. 

Replum. (Lat.) In ancient architecture, the panel of the impages of a framed door. 

Reredos. (Fr. Arrieredos.) A screen or division wall placed behind an altar, rood-loft, &c., 
in old churches. 

Reservoir. (Fr.) An artificial pond, basin, or cistern for the collection and supply of 
water. 

Resistance. That power which, acting in opposition to another, tends to destroy or 
diminish its effect. There are several sorts of resistance, arising from the various natures 
and properties of the resisting bodies, as the resistance of solids, fluids, air, &c. 

The resistance of solid bodies is the force with which their quiescent parts retain their 
aggregation. Of it there are two kinds : first, where the resisting and the resisted parts 
are only contiguous and do not cohere, or, in other words, where they consist of separate 
bodies or masses. This is by Leibnitz called the resistance of the surfacty now however 
called friction. Second, where the resisting and resisted parts are not only contiguous 
but cohere, that is are parts of the same continued body or mass. To these may be added 
the resistance that takes place between surfaces or solids when completely in contact, 
though not forming the same body, or the resistance they offer to separation. To form a 
notion of the resistance of the fibres of solid bodies suppose a cylindrical body suspended 
vertically by one of its ends Here the weight of the parts makes them tend downwards 
and endeavours to separate the body where it is weakest. The parts however, resist this 
separation by the force with which they cohere. In this case, then,^ we see two opposite 
powers viz. the weight of the cylinder, which has a tendency to break it, and the force 
of cohesion to resist fracture. If the base of the cylinder be increased, the length re- 
maining the same, it is manifest that the resistance will increase as the base ; but the 
weight will also increase in the same ratio. Hence, all cylinders of the same matter 
and length, when vertically suspended, have an equal resistance, whatever their bases. 
When the length of the cylinder is increased, the baseband the resistance remaining the 
same, the additional weight weakens it, and it will have a greater tendency to break. 

We thus learn what length a cylinder may be so as to break with its own weight, 
by finding what weight is just sufficient to break another cylinder of the same base and 
matter ; for the required lei^h must be such that its weight may be equal to that of the 
first, with the additional weight employed to produce the separation. 

If the cylinder be fixed horizontally into a wall, and the rest thence suspended, the 
weight and resistance will act under different conditions, for if it broke by the action of 
its weight, the fracture would occur at the end fixed into the wall. In the fracture of the 
cylinder two forces have acted, and one has overcome the other ; that is, the weight of 
the mass of the cylinder has overcome the resistance arising from the largeness of the 
base; and as the centres of gravity are points in which all the forces arising from the 
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weights of the several parts of the same bodies are supposed to be collected, we may 
conceive the weight of the whole cylinder applied in the centre of gravity of its mass, 
that is, in a point in the middle of the axis ; and the resistance of the cylinder applied in 
the centre of gravity of its base, it being the base which resists the fracture. If the 
cylinder breaks with its own weight all the motion is* on an immoveable extremity of the 
diameter of the base, which extremity is the fixed point of a lever, whose arms are the 
radius of the base and half the axis ; hence, the two opposite forces do not only act of 
themselves and by their absolute, but also by the relative force derived from their distance 
with regard to the fixed point of the lever. 

The weight required to break a body placed horizontally being always less than that * 
required to break it when placed vertically, and being greater or less according to the 
ratio of the two arms of the lever, the theory is reducible to the finding what part of the 
absolute weight the relative weight must be, supposing the figure of the body known, 
which is necessary for finding the centre of gravity. But wherever the centre of gravity 
&lls, the two arms of the lever are estimated accordingly. If the base by which the body 
is fixed in the wall be not circular, but, fi>r an example, parabolical, and the vertex of the 
parabola be at top, the motion of the fracture will not be on an immoveable point, but on 
a whole immoveable line, which may be termed the axis of equilibrium, and it is with 
regard thereto that the distances of the centres of gravity are to be determined. 

A body horizontally suspended, being such that the smallest addition of weight would 
break it, there is an equilibrium existing between its positive and relative weight ; those 
two opposite powers are consequently to each other reciprocally as the arms of the lever 
to which they are applied. So, e conversoy the resistance of a body is always equal to the 
greatest weight it will sustain, without breaking, in a vertical situation, that is, equal to 
its absolute weight. If we, therefore, substitute actual weight for the resistance, it fol- 
lows that the absolute weight of a body suspended horizontally is to its relative weight, 
as the distance of the centre of gravity from the axis of equilibrium is to the distance 
of the centre of gravity of its base from the same axis. From this fundamental 
proposition many consequences are deducible. Thus, if the distance of the centre of 
gravity of the base from the axis of equilibrium be half the distance of the centre of 
gravity of the body, the relative weight will only be half the absolute weight, 

M. Mariotte having observed that all bodies bend before breaking, considers the fibres 
as so many little bent springs, never exerting their whole force till stretched to a certain 
point, and never breaking tUl entirely unbent. Hence those nearest the axis of equi- 
librium, which is an immoveable line, are Jess stretched than the more distant ones, and 
consequently employ a less part of their force. 

The following is a synopsis of the most important results that have been drawn by 
different writers on the subject, both practical and theoretical ; — 

1. The resistance of a beam or bar to a fracture by a force acting laterally is as the 
solid made by a section of the beam in the place where the force is applied, into the dis- 
tance of its centre of gravity from the point or line where the breach will end. 

2. In square beams the lateral strengths are as the cubes of their breadths and 
depths. 

3. In cylindric beams, the resistances of strengths are as the cubes of the diameters. 

4. In rectangular beams the lateral strengths are conjointly as the breadths and squares 
of the depths. 

5. The lateral resistances of any beams whose sections are similar figures -and alike 
placed are as the cubes of the like dimensions of those figures. 

6. The lateral strength of a beam, with its narrower face upwards, is to its strength 
with the broader fa^ upwards, as the breadth of the broader face to the breadth of the 
narrower. 

7. The lateral strengths of prismatic beams, of the same materials, are as the areas of 

the sections and the distance of their centre of gravity directly, and as their lengths and 
weights reciprocally. * 

8. When the beam is fixed at both ends, the same property has place, except that 
in this case we must consider the beam as only half the length of the former. 

9. Cylinders and square prisms have their lateral strengths proportional to the cubes 
of their diameters or depths directly, and their lengths and weights inversely. 

10. Similar prisms and cylinders have their strength inversely proportional to their 
linear dimensions. 

The relative resistance of wood and other bodies is shown in the following table : — 

Froportional Resistance. 


Box, yew, plum tree, oak - - - - 1 1 

Elm, ash - - - - - - Sj 

Walnut, thorn - - - - “ 

Red fir, holly, elder, plane, crab-tree, apple-tree - 7 

Beech, cherry-tree, hazel - - - " ^3 
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Proportioual Resistance. 

Alder, asp, birch, white fir, willow ... 6 


Iron - - - - 



. 

- 

107 

Brass .... 


- 

. 

- 

50 

Bone - - - - 


- 

- 

- 

22 

Lead .... 



- 

- 


Fine freestone - _ « 


- 

- 

- 

1 

The following table shows the coliesive force of 

a square inch of different substances 

from the experiments of Professor Robinson : 

— 




lbs. 

Gold when cast 

- 

. 

. 


20 000 

Silver - _ _ 

- 

. 

. 


40-000 

Cast iron . _ _ 

- 

- 

40-000 

to 

60-000 

Wrought iron - - - 

. 

- 

60-000 

to 

90-000 

Soft steel - - _ 

- 

. 

_ 


12-000 

Razor steel ... 



_ 


15*000 

Oak and beech in the direction of their fibres from 

8-000 

to 

17-000 

WUlow 


_ 



12*000 

Fir - - - - 


_ 

. 


8-000 

Cedar . - - - 

. 

. 

_ 


5*000 

Ivory - - - - 

.. 

. 

_ 


16*000 

Bone - - - - 

- 

_ 

. 


5*000 

Rope .... 

- 

- 

- 


20*000 


Resolution op Forces. Seep. 381. 

Ressavlt. (Fr.) Tlie recess or projection of a member from or before another, so as to be 
out of the line or range with it. 

Retaining Walls. Such as are built to retain a bank of earth from sliding down. 

Reticulated. Like the meshes of a net. The reticulatum opus of the ancients is described 
under the article Masonrt, which see. 

Retum. The continuation of a moulding, projection, &c., in an opposite direction, A 
side or part which falls away from the front of a straight work. 

Retum Bead. See Bead and Double Quirk. 

Reteals. (Lat. Revello.) The vertical sides of an aperture between the front of the wall 
and the window or door frame. 

Revolution. In geometry, the motion of a point or line about a centre. Thus a 
right-angled triangle, revolving round one of its legs as an axis, generates a cone in its 
revolution. 

Rhomboid. ( Gr. ) A quadrilateral figure whose opposite sides and angles are equal. 

Rhombus. (Gr.) A quadrilateral figure, whose sides are all equal, and whose opposite 
angles are respectively equal, two being obtuse and two acute. 

Rib. (Sax.) An arch-formed piece of timber for supporting the lath and plaster work of 
a vault. 

Ribbing. An assemblage of ribs for a vault or coved celling. 

Ridge. (Sax.) The highest part of a roof Tlie term is more particularly applied to the 
piece of timber against which the upper end of the rafters pitch. 

Ridge Tile. A convex tUe made for covering the lidge of a roof 

Riga Timber. See p. 484. 

Right Angle. One contmoing ninety degrees. 

Right Circle. A circle drawn at right angles with the plane of projection. 

Right Line. A line perfectly straight. 

Rilievo (It.) or Relief. The projecture from its ground of any architectural ornament. 
Among sculptors there are three degrees of rilievo ; namely, alio rilievo, when the figure 
stands quite out from its ground ; mezzo rilievo, when one half of the figure projects ; 
and basso rilievo, when the figures are raised from the ground in a small degree. 

Riplet. See Architects, list of, 283. 

Rod. a measure of length equal to 1 6^ feet. A square rod is the usual measure of brick- 
work, and is equal to 27 2^ square feet. 

Rod Stone or Oolite. A kind of limestone, found under chalk in various parts of Eng- 
land. See Book II. Chap. II. Sect. 4. 

Roger, Archbishop of Yore. See Architects, list of, 97. 

Rol^ Pieces of wood prepared for the plumber to turn over the lead where the sheets 
join, so as to protect the flat roof or edge from the admission of water. The term also 
signifies in Gothic architecture mouldii^ representing bent cylinders. 

Rolls or Rollers. Among workmen are plain cylinders of wood, seven or eight inches 
dimeter wd three or four feet long, used for the purpose of moving large stones, beams, 
and other heavy weights. They are placed successively under the fore part of the masses 



GLOSSARY, ETC 


1027 


to be removed, and at the same time are pushed forward by levers applied behind. When 
blocks of marble, or other very heavy weights, are to be moved, they use what are called 
endUsi rcUs. These, to give them the greater force and prevent their bursting, are made 
of wood joined together by cross-quarters, double the length and thickness of the common 
rollers, and girt with iron hoops at each end. At a foot irom the ends are two mortises 
pierced through and through, into which are put the ends of long levers, which the 
workmen draw by ropes fastened to the ends, still changing the mortise as the roll has 
made a quarter of a turn. 

Roman Architecture. See Book I. Chap. II. Sect. 13. 

Roman Order. The same as Composite Order, which see. 

Romualdus. See Architects, list of, 71. 

Rood. (Sax. Robe.) A cross, crucifix, or figure of Christ on the cross placed in a church. 
The holy rood was one, generally as large as life, elevated at the junction pf the nave and 
choir, and facing to the western entrance of the church. The rood loft was the gallery in 
which the rood and its appendages were placed. This loft, or gallery, was commonly 
placed over the chancel screen in parish churches. In Protestant churches the organ 
now occupies the original place of the rood loft. The rood tower or steeple was that 
which stood over the intersection of the nave with the transepts. 

Roof. (Sax. Roy, Hpoy. ) The exterior covering of a building, for whose principles of con- 
struction and various sorts the reader is referred to p. 544, et seq. 

Roofing. The assemblage of timbers, and covering of a roof whose pitch in this climate, for 
difiTerent coverings, is shown in the following table : — 

Species of Covering. Inclination to the Horizon. Height of Roof in Part of the Span. 


Copper or lead 

- 

- 

3° 

50" 

- 

- 

one-forty-eighth. 

Large slates 

- 

- 

22 

0 

- 

- 

one-fifth. 

Common slates 

- 

- 

26 

33 

- 

- 

one-quarter. 

Stone slates 

- 

- 

29 

41 

. 

- 

two-sevenths. 

Plain tiles 

- 

- 

29 

41 

- 

- 

two-sevenths. 

Pan tiles 

- 


24 

0 

- 

- 

two-ninths. 

Thatch 

- 

- 

45 

0 

- 

- 

one-half. 


Room. (Sax. Rum.) An interior space or division of a house, separated from the re- 
mainder of it by walls or partitions, and entered by a doorway. 

Rooms, Proportions or. See Book III. Chap. I. Sect. 25. 

Rose or Rosette. An ornament of frequent use in architectural decorations. The 
centre of the face of the abacus in the Corinthian capital is decorated with what is called 
a rose. r. 

Rose Window. A circular window with compartments of mullions and tracery branching 
from a centre, sometimes called a Catharine wheel or marigold window. 

Rostru3I. (Lat.) Literally, the beak of a bird ; also the beak or fore-part of a ship; the 
elevated platform in the Forum of ancient Rome, whence the orators addressed the people, 
so called from its basement being decorated with the prows of ships. The term is now 
used generally to signify a platform or elevated spot from which a speaker addresses his 
audience. 

Rot, dry. An extremely d^tructive disease incident to timber. Seep. 490. 

Rotunda or Rotonuo. ( Ital. ) A building circular on the interior and exterior, such as 
the Pantheon at Rome. See Circular Buildings. 

Rough-cast. A species of plastering used on external walls, consisting of a mixture of 
lime, small shells or pebbles, occasionally fragments of glass and similar materials. This 
is usually applied to cottages. 

Rudenture, (Lat. Rudis, a rope.) The same as Cabling, which see. 

Ruderation. (Lat. Ruderatio.) A method of laying pavements, mentioned by Vitruvius, 
and according to some, of building walls with rough pebbles and mortar. The mortar 
called statumen by Vitruvius was made of lime and sand. 

Ruiz. See Architects, list of, 226. 

Rule. An instrument for measuring short lengths. Of rules there are various sorts, each 
adapted to the class of artificers for whose use they are made. Thus, there are^stone- 
cutters’ rules, masons’ rules, carpenters’ rules, sliding and parallel rules, &c. The sliding 
rule is, however, of more gener^ use, as it solves a number of questions from the change 
of the position of the slider by inspection, and therefore of much importance to the less 
educated artisan. 

Rural Abchitfcture. See Book HI. Chap. III. Sections 22, 23, and 24. 

Ri^ssian Architecture. Book I. Chap. II. Sect, 20, 

Ruvnc Order. A species of building wherein the faces of the stones are hatched or 
picked with the point of a hammer. 

Rustic Quoins or Coins. The stones placed on the external angles of a building projecting 

3 U 2 
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beyond the naked of the n'all. The edges are bevelled, or the margins recessed in a 
plane parallel to the face or plane of the wall. 

Rustic Work. A mode of building masonry wherein the faces of the stones are left 
rough, the sides only being wrought smooth where the union of the stones takes place. 
It was a method much practised at an early period, and re-introduced by Brunelleschi at 
the revival of the arts. The most common sorts of rustic work are the frosted^ which 
has the margins of the stones reduced to a plane parallel to that of the wall, the 
intermediate parts having an irregular surface j vermiculated rustic work, wherein the 
intermediate parts present the appearance of having been worm-eaten ; chamfered 
rustic work, in which the face of the stones being smoothed and made parallel to the 
surface of the wall, and the angles bevelled to an angle of one hundred and thirty-five 
degrees, with the face of the stone, where they are set in the wall, the bevel of the two 
adjacent stones forms an internal right angle. 

S. 

Sabuere. (Fr.) An obsolete word, signifying a piece of timber as long as a beam, but 
not so thick. 

Sacchetti. See Architects, list of, 286. 

Sacellum. fLat.) In ancient Roman architecture, a small inclosed space without a roof. 
Small sacella, too, were used among the Egyptians, attached frequently to the larger 
temples. In old church architecture, the term signifies a monumental chapel within a 
church, also a small chapel in a village. 

Sacome. (Ital.) The exact profile of a member or moulding, applied by the French to 
the mouldings themselves. 

Sacraaxum. (Lat.) A small sacred apartment in a Roman house, devoted to a particular 
deity ; also the cellaj peneirale or adytum of a temple. 

Sacristy. See Diacomicum. 

Sabdle-racked Coping. See Coping. 

Sag or Sagging. The bending of a body by its own weight when resting inclined or 
horizontally on its ends. 

Sagitta. (Lat. an arrow.) A name sometimes applied to the keystone of an arch. In 
geometry, it is often employed to signify the abscissa of a curve ; and in trigonometry 
it is the versed sine of an arc, which, as it were, stands like a dart upon the chord. 

Sail over. See Projecture. 

Saliant. ( Fr. ) A term used in respect of a projection of any part or member. 

Sally. A projecture. The end of a piece of timber cut with an interior angle formed 
by two planes across the fibres. Thus the feet of common rafters, and the inclined 
pieces which support the flying steps of a wooden stair, are frequently cut ; as are, like- 
wise, the lower ends of all inclined timbers which rest upon plates or beams. 

Salon or Saloon, (Fr.) A lofty and spacious apartment, frequently vaulted at top, 
Md usually comprehending the height of two floors with two tiers of windows. Its 
place is commonly in the middle of a building, or at the head of a gallery, &c. In 
palaces it is the state room. 

San Gallo Antonio. See Architects, list of, 19& 

San Gallo nl Giul. See Architects, list o^ 178. 

San Lucano. See Architects, list of, 183. 

San Micheli. See Architects, list of, 213. 

Sand. See Book II, Chap. II. Sect. 10. 

Sandstone. In mineralogy, a stone principally composed of grains, or particles of sand, 
either united with other mineral substances or adhering without any visible cement. 
The grains or particles of sandstone are generally quartz, sometimes intermixed with 
feldspar or particles of slate. When lime is the cementing matter the stone is called 
calcareous sandstone. The cementing matter is not unfrequently oxide W iron in- 
termixed with alumine. The particles of sand in these stones are of various sizes, 
some being so small as to be scarcely visible. See Book II. Chap. II. Sect. 1. 

Sap. The juice or pith of trees that rises from the earth and ascends into the arms, 
branches, and leaves, to feed and nourish them. Also that part of the stem or wood of 
the body of a tree that is soft, white, &c. The term is used also as a verb, to denote the 
undermining a wall by digging a trench under it. 

Sapheta. The same as Soffite or Sofite, which see. 

Saracenic Architecture. See Book I. Chap. II. Sect 10. 

Saecophagus. (2ap| flesh, and 4»a7«, to eat.) A tomb or cofliin made of one stone. From 
Pliny it appears to have been originally applied as the name of a stone found in the 
Tro^ which, from its powerful caustic qualities, was selected for the construction of 
tombs. From its frequent application to this purpose the name became at length used 
for the tomb itself. Sarcophagi were made of stone, marble, alabaster, porphyry, &c. 
The Greeks sometimes made them of hard wood, as oak, cedar, or cypress, which resisted 
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moisture ; sometimes of terra cotta, and even of metal. The form was usually a long 
square, the angle being rounded. The lid varied both in shape and ornament. Those 
of the primitive Christians often enclosed several corpses, and were ornamented with 
several sets of bassi rilievi. Those of higher antiquity were frequently sculptured with 
great taste and beauty of design, the figures being those of the deceased, or parties con- 
nected with them, allegorical or mythological. ITie Egyptian sarcophagi are sculptured 
with hieroglyphics. Those of the Greeks and Romans sometimes represent Sleep and 
Death with their legs crossed, one hand supporting the head and the other holding an in- 
verted torch ; sometimes Mercury is represented conducting the Souls and Charon 
ferrying them over in his bark. Occasionally we find on them groups of bacchanals and 
baccbic scenes. 

Sash. (Fr. Chassis, a frame. ) A frame for holding the glass of windows, and so formea as 
to be raised and depressed by means of pulleys. Sashes are single or double hung, or 
hung with hinges. See p, 572, 

Sash Frame. The frame in which the sashes are fitted for the convenience of sliding up 
and down, or, when hung with hinges, to receive them after the manner of hanging a door. 

Sauros. See Architects, list of, 34. 

Saw, (Dutch, Sawc. ) A tool made of a thin plate of steel, formed on the edge into 
regular teeth for cutting wood, stone, &c. Saws are of various kinds. See p. 565. 

Saw-pit. A pit excavated for sawing timber. The sawing is performed by two persons 
called sawyerSj one standing above and the other below. Much of the labour, however, 
is saved by the use of a saw-mill, or machine moving a circular saw, which by its 
revolutions and keeping the timber close up, performs the work quicker and better 
than can be done by the labour just descril>ed. 

Saxon Architecture. See Book I. Chap. III. Sects. 1 and 2. 

Saxulphus. See Architects, list of, 66. 

ScABEU.UM. (Lat.) A species of pedestal anciently used to support busts or statues. It 
was high in proportion to its breadth, ending in a kind of sheath, or in the manner of a 
baluster. 

Scaffold. (Fr. Echaufaud.) An assemblage of planks or boards sustained by pieces of 
wood made fast to vertical poles, and at the other end often resting on the walls, by means 
whereof the workmen carry up a building, or plasterers complete their work in the in- 
terior of houses. On the Continent, scaffolds for public building are much more solidly 
constructed than in this country. 

ScAGLioLA. (Ital. ) A species of plaster or stucco invented at Carpi, in the state of Mo- 
dena, by Guido Sassi, between 1600 and 1649. It is sometimes called misckia, from the 
mixture of colours introduced in it. It was not, however, till the middle of the eighteenth 
century that the art of making scagUola was brought to perfection. The following is 
the method of making columns and pilasters: — A wooden cradle, composed of thin strips 
of deal or other wood is made to represent the column designed, but about 2.^ inches less 
in diameter than the shaft is intended to be when finished. This cradle is lathed round, 
as for common plastering, and then covered with a pricking-up coat of lime and hair. 
When this is quite dry, the scagliola artist commences his operations, and, by imitating 
the rarest and most precious marbles, produces a work which cannot be, except by frac- 
ture or sound, discovered to be counterfeit. The purest gypsum which can be obtained 
is broken into small pieces, and calciued. As soon as the largest fragments lose their 
brilliancy, the fire is withdrawn ; the calcined powder is passed through a very fine 
sieve, and mixed up with a solution of Flanders glue, isinglass, &c. In this solution the 
colours are diffused that are required to be imitated in the marble ; but if the work is to 
be of various colours, each colour is separately prepared, and they are afterwards mingled 
and combined nearly in the same manner that a painter mixes the primitive colours on 
his palette to compose his different tints. When the powdered gypsum is prepared and 
mingled for the work, it is laid on the shaft of the column or other surface over the 
pricked-up coat of lime and hair, and it is then floated with proper moulds of wood, the 
artist during ihe floating using the colours necessary for the imitation, by which means 
they become mingled and incorporated with the surface. The process of polishing 
follows ; and this is done by rubbing the surface with pumice-stone in one of his hands, 
while with the other he cleans it with a wet stone. It is then polished with tripoli and 
charcoal and fine and soft linen ; and after going over it with a piece of felt dipped in a 
mixture of oil and tripoli, he finishes with application of pure oil. 

Scale. (&x.) A line divided into a certmn number of equal parts, usually on wood, 
ivory, or metal, for laying down heights and distances in mathematical and architectural 
drawing. There are various sorts of scales ; as,«the plane scale., Gunter's scale, the diagonal 
scale, &c. ; but the most generally useful scale is that wherein the objects are drawn 
some aliquot part of their real size, as a tenth, twelfth, twentieth, twenty-fourth, &c. 

Scalene Triangle. (^koXtivos, oblique.) In geometry, one whose sides are all unequal. 

ScAMiLLi impares. A tcfm uscd by Vitruvius, which has puzzled all the commentators 
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It probably signifies certain blocks which serve to raise some of the members of a build- 
ing, which, from being placed below the level, or below the projection of certain orna- 
ments, might be Ic^t to the eye. 

ScAHiLnus. A small plinth below the bases of the Ionic and Corinthian columns. 

ScAMMOzzx. See Architects, list of, 247. 

*JcAKDULJE. (Lat.) In early buildings of the Romans, shingles or flat pieces of wood used 
^or covering instead of tiles. According to Cornelius Nepos, this was the only covering 
used in Rome till the war with Pyrrhus in the 470th year of the city. 

Scantling. (Fr.) The dimensions of a piece of timber in breadth and thickness. It is 
also a term used to denote a piece of timber, as of quartering in a partition, when under 
five inches square, or the rafter, purlin, or pole plate of a roof In masonry, scantling 
is the length, breadth, and thickness of a stone. 

Scape or Scafus. (Gr.) The shaft of a column; also the little hollow, above or below, 
which connects the shaft with the base, or with the fillet under the astragal. 

ScAFLiNG. A method of tooling the face of a stone. 

Scarfing. The joining of two pieces of timber by bolting or nailing transversely together, 
so that the two appear but one. See p. 538. 

Scene. (Gr. Srt/ioj.) Strictly an alley or rural portico for shade or shelter, wherein, ac- 
cording to Cassiodorus, theatrical pieces were first represented. When first applied to a 
theatre, it signified the wall forming the back of the stage, but afterwards came to mean 
the whole stage, and is now restricted to the representation of the place in which the 
drama represents the action. According to Vitruvius, the Greek scene was occupied in 
the middle by a great door, called the royal door, because decorated as the gate of a 
palace. At the sides were smaller doors, called hospitalia, because representing the 
entrances to habitations destined for strangers, which the Greeks commonly plac^ on 
the two sides of their houses. 

ScENOGRAPHV. (Gr.) The method of representing solids in perspective. 

Scheme or Skene Arch. One which b a segment of a circle. 

ScHBNE. (Gr.) The representation of any design or geometrical figure by lines so as to 
make it comprehensible. 

ScHULiuM. In mathematics, a remark after the demonstration of a proposition, showing 
how it may be done some other way, or giving some advice or precaution to prevent 
mistakes, or adding some particular use or application thereof. 

SciAGRAFHT or ScioGRAFUT. (Gr. Skio, a shadow, and Tpatpw, I describe.) The doctrine 
of projecting shadows as they fall in nature. See Book II. Chap. IV. Sect. S. 

ScoPAS. See Architects, list of, 16. 

Scotia. (Gr. Skotio, darkness.) The hollow moulding in the base of a column between 
the fillets of the tori. It receives the name from being so much in shadow. The scotia 
was, from its resemblance to a pulley, called also rpoxt\os. It b most frequently formed 
by the junction of circular areas of different radii, but it ought rather to be profiled as a 
portion of an ellipsb. 

Scratch Work. (It. Sgrafliata,) A species of fresco with a black ground on which a 
white plaster is laid, which being scratched off* with an iron bodkin, the black appears 
through the boles, and serves for shadows. 

Screen. (Lat. Excerno.) An instrument used in making mortar, consbting of three 
wooden ledges joined to a rectangular frame at the bottom, the upper part of which 
frame is filled with wirework for sifting the sand or lime. Tbb term b used in eccle- 
siastical architecture to denote a partition of wood, stone, or metal, usually so placed in 
a church as to shut out an able from the choir, a private chapel from a transept, the 
nave from the choir, the high altar from the east end of the building, or an altar tomb 
from one of the public passages or large areas of the church. In the form and orna- 
mental detail of screens, the ancient artbts appear to have almost exhausted frncy, inge- 
nuity, and taste. 

Screw. (Dutch, Scroeve.) One of the six mechanical powers, chiefly used in pressing or 
squeezing bodies close, though sometimes also in raising weights, ^e Book II. Chap. I. 


Sect. 8. 

Scribing. Fitting the edge of a board to a surface not accurately plane, as the skirting 
of a room to a floor. In joinery, it is the fitting one piece to another, so that the fibres 
of them may be perpendicular to each other, the two edges being cut to an angle to 
join. 

Scroll. A convolved or spiral ornament variously introduced. 

Also the volutes of the Ionic and Corinthian capitaL See Jig. 

1046. 


Fig. 1046. 


ScuLLERT. Tlie apartment fi>r washing up the dishes and utensilswherein the scullion works. 
Sculpture. (Lat. Sculpo, to carve.) llie art of imitating forms by chiselling and work- 
ing away solid substances. It b also used to denote the carved work itself. Properly, 
the word include works in clay, wax, wood, metal, and stone ; but it b generally re- 
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stricted to those of the last material, the terms modelling, casting, and carving being applied 
to the others. 

Sealing. The fixing a piece of wood or iron on a wall with plaster, mortar, cement, lead, 
~ or other binding, for staples, hinges, joints, &c. 

Seasoning TidiBER. Seep. 491. 

Secant. (Lat.) A line tlmt cuts another. In trigonometry, the secant is a line drawn to 
the centre from some point in the tangent, which consequently cuts the circle. 

Secos. See Adttum. 

Section of a Building. A geometrical representation of it as divided or separated into 
two parts by a vertical plane, to show and explain the construction of the interior. The 
section not only includes the parts that are separated, but also the elevation of the re« 
ceding parts, and ought to be so taken as to show the greatest number of parts, and those 
of the most difficult construction. Of every building at least two sections should be 
made at right angles to one another, and parallel to the sides. A section of the flues 
should also be made, in order to avoid placing timbers near them. 

Section of a Solid. The plane of separation dividing one part from the other. It is un- 
derstood to be always a plane surface. 

Sector. An instrument for measuring or laying off angles, and dividing lines and circles 
into equal parts. 

Sector of a Circle. The space comprehended between two radii and the arc terminated 
by them. 

Segment. (Lat.) A part cut off from anything. The area contained by the arc of a circle 
and a chord. In the segment of a circle the chord of the arc is called the base of the 
segment, and the height of the arc the height of the segment. 

Segment op a Sphere. A portion cut off by a plane in any part except the centre, so that 
the base of such segment must be always a circle, and its surface a part of the sphere. 

Sell. See Cill and Aperture. 

Semicircle. The half of a circle contained by the diameter and circumference. 

Semicircular Arches. Those whose arcs are semicircular. 

Sennamar. See Architects, list of, 55. 

Sepulchre. (Lat. Sepellre, to bury.) A grave, tomb, or place of interment. The ceno- 
taph was an empty sepulchre raised in honour of a person who had had no burial. 

Seraglio. (Pers. Serai.) A large hall or house. The palace of an eastern prince, but 
more particularly that in which the females are lodged. 

Seklio. See Architects, list of, 2S8. 

Serpentine. See Porphyet. 

Servandoni. See Architects, list of, 288. 

Sesspool. See Cesspool. 

Sett. In piling, a piece placed temporarily on the head of a pile which cannot be reached 
by the monkey or weight from some intervening matter. 

Setting. The hardening of cement. The term is also used in masonry for fixing stones 
in walls or vaults, in which the greatest care should be taken that the stones rest firmly 
on their beds, and that their faces be ranged in the proper surface of the work. 

Setting-out Rod. One used by Joiners for setting-out frames, as of windows, doors, &c. 

Settlements. Those parts in which failures by sinking in a building have occurred. 

Sett-off. The projecting part between the upper and lower portion of a wall where it 
diminishes in thickness. 

Severus, See Architects, list of, 48. 

Severy. a compartment or division of scaffolding. It is also a separate portion or divi- 
sion of a building corresponding with the modern term compartment, being as it were 
severed or divided. 

Sewer. A drain or conduit for carrying off soil or water from any place. See Book II. 
Chap. III. Sect. 1. 

Sexagesimal. The division of a line, first into sixty parts, then each of these again into 
sixty, and so on, as long as division can be made. It is principally used in dividing the 
circumference of a circle. 

Shadows and Shadowing. In drawing, the art of correctly casting the shades of objects 
and representing their degrees of shade. See Book II. Chap. IV. Sect. 3. 

Shaft. ( Sax. Sceapc.) The cylindrical .part, or rather body, of a column, between the 
base and tb capital. It is, properly, the frustum of a conoid, and is also called Xhefust, 
trunk, or body of the column. 

Shaft of a Chimney. See Chimney. 

Shaft or a King Post. The part between the joggles. 

Shake. A fissure or rent in timber by its being dried too suddenly, or exposed to too 
great heat. Any timber when naturally full of slits or clefrs is said to be s^ky. 

Shanks. (Sax.) The sj>ace between two channels of the Doric triglyph, sometimes called 
the legs of the triglyph. The ancients called the shank femur, 
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SnsEf Lead. See Boot IL Chap. III. Sect. 7. 

Shelf. (Sax.) A board fixed against a wall by its edge, the upper side being horizontal, 
for receiving whatever may be placed upon it. A shelf is usually supported by brackets, 
or by pieces at the end, called standards. 

Shingles. (Germ. Schindel.) Small oaken boards used like slates for covering a building, 
from eight to twelve inches long, and about four inches broad, thicker on one edge than 
the other. The process of making a roof of this kind is called shingling. 

Shoe. The inclined piece at the bottom of a water trunk or lead pipe for turning the 
course of the water, and discharging it from the wall of a building. 

Shoee or Shoar. (Sax.) A prop or oblique timber acting as a brace on the side of a ' 
building, the upper end resting against that part of the wall upon which the floor is 
supported, and tmth ends received by plates or beams. A dead shore is an upright piece 
built up in a wall that has been cut or broken through for the purpose of making some 
alterations in the building. 

Shooting. Planing the e^e of a hoard straight, and out of winding. 

Shooting Boards. Two boards joined together, with their sides lapped upon each other, 
so as to form a rebate for making short joints. 

Shoulder of a Tenon, The plane transverse to the length of a piece of timber from 
which the tenon projects. It should be at right angles to the length, though it does 
not always lie in the plane as here defined, but sometimes in different planes. 

Shread Head The same as Jerkin Head, which see. 

Shreddings or Furrings. In old buildings, short slight pieces of timber fixed as bearers 
below the roof, forming a straight line with the upper side of the rafters. 

Shrine. (Sax. Scnin.) A desk or cabinet; a case or box, particularly one in which sacred 
things are deposited : hence applied to a reliquary and to the tomb of a canonised per- 
son. The altar is sometimes called a shrine, and in this case its form and condition, and 
the annexation of a statue to it, was of importance, because such tombs had greater 
privileges than plainer monuments. 

Shrinxing. The contraction of a piece of timber in its breadth by seasoning, hot 
water, Ac. It Is proportional to its breadth, the length not changing. Hence in un- 
seasoned timber mitred together, such as the architraves of doors and windows, the 
mitres are always close on the outside and open to the door, forming a wedge-like 
hollow on each side of the frame. It is to avoid the effects of shrinking that narrow 
boards called battens are used in fioors. 

Shute. See Architects, list of, 243. 

Shuiters. The hoards which shut up the aperture of a window. See Boxings of a 
Window. 

Side Posts. Truss posts placed in pairs, disposed at the same distance from the middle of 
the truss. Their use is not only to support the principal rafters, &c,, but to suspend the 
tie beam below. In extended roofs two or three pair of side posts are used. 

Side Timbers or Side Wavers. The same as purlins, the first term being used in 
Somersetshire and the last in Lincolnshire. 

SlENITE. See SVENITE. 

Sill. See Ctll and Aperture. 

SiLoE. See Architects, list of, 211. 

Silt. The muddy deposit of standing water. 

Sima. See Ctha. 

Similar Figures. Those whose several angles are respectively equal, and the sides 
about the equal angles proportional. 

SiMONETTi. See Architects, list of, 296, 

Sine. A right line drawn from one end of an arch perpendicular upon the diameter, or it 
is half the chord of twice the arch. The sine of the complement of an arch is the sine 
of what the arch wants of ninety degrees. The versed sine is that part of the diameter 
comprehended between the arc and the sine. 

Single Frame and Naked Floor. One with only one tier of joists. 

Single Hung. An arrangement in a pair of window sashes, in which one only is 
movable. 

Single Joists Floor. One without binding joists. 

Single Measure. A term applied to a door that is square on both sides. Dovhle mea- 
sure is when the door is moulded on both sides. When doors are moulded on one side 
and are square on the other, they are accounted measure and half. 

SissivERNE. See Architects, list of, 101. 

Site. (Lat Situs.) The situation of a budding; the plot oF grouna on which it stands. 

Skew Back. In a straight or curved arch, that part of it which recedes beyond the spring- 
ing from the vertical line of the opening. 

Skirting or Skirting Board. The narrow board placed round the margin of a floor, 
which, where there is a dado, forms a plinth for its base ; otherwise, it is a plinth for the 
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room itself. Skirting is either scribed close to the floor or let into it by a groove ; in 
the fl)nner case a flllet is put at the back of the skirting to keep it Arm. 

Skirts. Several superficies in a plane, which would cover a body when turned up or 
down without overlapping. 

Skreen. See Screen. 

Skylight. A frame consisting of one or more inclined planes of glasi^ placed in a roof to 
light passages or rooms below. 

Slab. An outside plank or board sawed from the sides of a timber tree, and frequently 
of very unequal thickness. The word is also used to express a thin piece of marble, - 
consisting of right angles and plane surfaces. See Chimney. 

Slate. See Book II. Chap. II. Sect. 8. 

Slaters’ Work. See Book III. Chap. II. Sect 6. 

Sleepers. Horizontal timbers disposed in a building next to the ground transversely 
under walls, ground joists, or the boarding of a floor. When used on piles they are 
laid upon them, and planked over to support the superincumbent w^ls. Under- 
ground joists either lie upon the solid earth, or are supported at various parts by prop 
stones. When in the former position, having no rows of timber below, these ground 
joists are themselves called sleepers. Old writers on practical architecture call those 
rafters lying in the valley of a roof, sleepers; but in this sense the word is now obsolete. 

Sliding Rule. One constructed with logarithmic lines, so that by means of another 
scale sliding on it, various arithmetical operations are performed merely by inspection. 

Slit Deal. See Board. 

Sluice. A stop agmnst water for the drainage or supply with water of a place. It is 
hung with hinges from the top edge when used merely as a stop against the water of a 
river ; but when made for supply as well, it moves vertically in the groove of its frame 
by means of a winch, and is then called a penstock. 

Smithert and Ironmongery. See Book II. Chap. III. Sect. 10. 

Smoothing Plane. See p. 364. 

Snacket. a provincial term for the hasp of a casement. 

Snipe’s Bill Plane. One with a sharp arris for getting out the quirks of mouldings. 

Soane. See Architects, list of, 316. 

Socket Chisel. A strong tool used by carpenters for mortising, and worked with a mallet. 

Socle or Zocle. A square member of less height than its horizontal dimension, serving 
to raise pedestals or to support vases or other ornaments. The socle is sometimes con- 
tinued round a building, and is then called a ctmtinued 9ode. It has neither base nor 
cornice. 

SoFFiTA, Soffit, or Sofite, (Ital.) A ceiling; the lower surface of a vault or arch. A 
term denoting the under horizontal face of the architrave between columns ; the under 
surface of the corona of a cornice. 

Soils. A provincial term, chiefly, however, used in the north, signifying the principal 
rafters of a roof. 

Solder. A metallic composition used in joining together or sfMering metals. 

Solid. (Lat.) In geometry, a body which has length, breadth, and thickness; that is, it 
is terminated or contained under one or more plane surfaces, as a surface is under one or 
more lines. Regular solids are such as are terminated by equal and similar planes, so 
that the apex of their solid angles may be inscribed in a sphere. 

Solid Angles. An angle formed by three or more angles in a point, and whereof the 
sum of all the plane angles is less than three hundred and sixty degrees, otherwise they 
would constitute the plane of a circle and not of a solid. 

Solid Shoot. See Water Shoot. 

SoLiVE. The French term for a joist, rafter, or piece of wood, either slit or sawed, with 
which builders lay their ceilings. The term is rarely used in the Bnglish language. 

Sommering. See Summering. 

Sortant Angle. The same as Salient Angle, which see, 

SosTRATUs. See Architects, list of, 25. 

Soufflot. See Architects, list of, 299. 

Sound-board. The same as a canopy or type over a pulpit, to reverberate the voice of the 
speaker. 

Sound-boarding. In floors, consists of short boards placed transversely between the joists, 
and supported by fillets fixed to the sides of the latter for holding pugging, which is any 
substance that will prevent the transmission of sound from one story to another. The 
narrower the sound-boards the better. The fillets on which they rest may be about 
three-quarters of an inch thick and about an inch wide, nailed to the joists at intervals 
of a foot. See Boarding for Pugging. 

Souse (Fr.) or Source. A support or under-prop. 

Span. An imaginary line across the opening of an arch or roof, by which its extent is 
estimated. 



10S4 


GLOSSARY, ETC. 


Span Roof. One consisting of two inclined sides, in contradistinction to shed or leanfo 
rooJiTig. It may be with simple rafters, with or without a collar beam, or when of iu« 
creased span it may be trussed, the term only applying to the external part. 

Spandrei.. The irregular triangular space between the outer curve or extrad<^ of an arch, 
a horizontal line from its apex, and a perpendicular line from its springing. 

Spandrei:. Bracketing. A cradling of brackets fixed between one or more curves, each 
in a vertical plane, and in the circumference of a circle whose plane is horizontal 

Spanish Abcuitectdre. See Book I. Chap. II. Sect. 19. 

Spar-piece. A name given in some places to the collar beam of a roof. 

Spars. The common raftere of a roof for the support of the tiling or slating. 

Specification. A description at length of the materials and workmanship to be used and 
employed in the erection of any building. See Book II. Chap. III. Sect. 13. 

Specific Gravity. A gravity or weight of every solid or fluid compared with theweightof the 
same magnitude of rain water, which is chosen as the standard of comparison, on account 
of its being subject to less variation in different circumstances of time, place, &c., than 
any other solid or fluid. By a fortunate coincidence, at least to the English philosopher, 
it happens that a cubic foot of rain water weighs 1000 ounces avoirdupois ; consequently, 
assuming this as the speciflc gravity of rain water, and comparing all other bodies with 
this, the same numbers that express the specific gravity of ^dies will at the same time 
express the weight of a cubic foot of each in avoirdupois ounces, which affords great 
facility to numerical computations. Hence are readily deduced the following laws 
of the specific gravity of bodies : — 

I. In bodies of equal magnitudes the speciflc gravities are directly as the weights or 
as their dcftisities. 2. In b^ies of the same speciflc gravities the weights will be as the 
magnitudes. 3. In bodies of equal weights the specific gravities are inversely as the 
magnitudes. 4. The weights of different bodies are to each other in the compound 
ratio of their magnitudes and specific gravities. 

Thus it is obvious, that if of the magnitude, weight, and specific gravity of a body any 
two be given, the third may be found ; and we may thus arrive at the magnitude of 
bodies which are too irregular to admit of the common rules of mensuration ; or, by 
knowing the specific gravity and magnitude, we may find the weight of bodies which are 
too ponderous to be submitted to the action of the balance or steel yard ; or, lastly, the 
magnitude aod weight being given, we may ascertain their specific gravities. 

Table op Specific Gravities 

(Extracted from Davies, Lavoisier, Young, and other authentic sources). 

Note. — Water at 60° is assumed 1000 spcciiic gravity. 

Mineral ’Productions. 


Flatioa, purified 

. 

19500 

Garnet, Bohemian 

- 

4188 

-, hammered 


20336 

Sapphire of Pay 

. 

4076 

Pure gold, cast 

- 

19258 

Topaz, oriental 

- 

4010 

• , hammered - 


19361 

1 Beryl, or oriental aquamarine 

3548 

Mercury 

- 

13568 

Diamond, rose-coloured 

- 

3531 

head, 

- 

11352 

, white 

. 

3521 

Silver, pure, cast 

. 

10474 

, lightest 


3501 

■ ' ^ hammered 


10510 

Glass, flint 

- 

3329 

Bismuth, cast 

. 

9822 

, white - 

- 

2892 

Copper, cast - 

- 

8788 

, bottle - 

- 

2732 

, wire,- 

- 

8878 

, green - 

- 

2642 

Brass, cast 

. 

8395 

Fluor 

- 

3191 

, wire 


8544 ! 

Serpentine, green 

- 

2988 

Cobalt, cast - 

- 

7812 

Mica, black - 

- 

2900 

Kickel, cast - 


7807 

Basalt, from the Giant’s Causeway 

2864 

Iron, cast 

- 

7207 

Marble, white Parian 


2837 

■*-*"—*, bar 

- 

7788 

Marble, green 

• 

2741 

Steel, hard, not screwed 

. 

7816 

, red - 

- 

2725 



7833 

4800 



2716 

2775 

“, son, not screwed 
Loadstone - • 


Emerald, Peruvian 


'Hn, east 

- 

7291 

Porphyry, red 

- 

2765 

2inc, cast 


7190 

Jaspar 

. 

2764 

Antimony, cast 

. 

6702 

Alabaster, white 

- 

2730 

Timgstein 


6066 

Calcareous spar, rhombic 

. 

2715 

Arsenic, cast > 

. 

5763 

, pyramidal 

- 

2714 

Molybdena 

. 

4738 

Slate - - - 

- 

2671 

f^iar, ponderous 


4430 

Pitch stone - 

- 

2669 

Ruby, oriental 

- 

4283 

Onyx, pebble - 

- 

2664 
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Chalcedony, transparent 

. 

2664 

Lapis obsidianus 

. 

- 

2348 

Granite, Esyptian, red 

- 

2654 

Selenite 

- 

• 

2322 

Rock chrystal, pure 

- 

- 

2653 

Grindstone 

- 

- 

2142 

Amorphous quartz 


- 

2647 

Salt - 

- 

- 

2130 

Agate, onyx - 

- 

- 

2637 

Sulphur, native 

- 

- 

2033 

Cornelian 

. 

- 

2613 

Nitre - 

- 

- 

2000 

Sardonyx 

. 

- 

2602 

Brick - 

- 

- 

2000 

Purbeck stone 

- 

- 

2601 

Plumbago 

- 

- 

1860 

Flint, white - 

. 


2594 

Alum 

- 

- 

1720 

i blackish 

- 

- 

2581 

Asphaltum 

- 

- 

1400 

Agate, oriental 

- 

- 

2590 

Coal, Scotch - 

- 

- 

1300 

Portland stone 

. 

- 

2570 

, Newcastle 

- 

- 

1270 

Mill stone 



2483 

, Staffordshire 


- 

1240 

Paving stone - 

- 

- 

2415 

Jet - - ' 

- 

- 

1238 

Touchstone 

. 

- 

2415 

Ice, probably - 

- 

- 

930 

Porcelain, Chinese 


- 

2384 

Pumice-stone - 

- 

- 

914 




Liquids. 




Sulphuric acid 



1840 

Sea Water 

- 

- 

1026 

■, Ph., London 

- 

1850 

Muriatic acid - 

- 

- 

1194 

Nitrous acid, Ph., London 


1550 

Water of the Seine, filtered 

- 

1001 

Nitric acid 

- 

- 

1217 

Naphtha 

- 

- 

708 


Vegetable Productions^ 


Sugar, white - 

. 

• 

1606 

Vinegar, distilled 

. 

. 

1009 

Gum Arabic - 



1452 

Water at 60° - 

. 

. 

1000 

I*itch - 

. 

. 

1150 

Bordeaux wine 

. 

. 

994 

Malmsey, Madeira 

. 

- 

10.38 

Turpentine, liquid 

- 

- 

991 

Cider 

- 

- 

1018 

Linseed oil • 

• 

- 

940 




Animal Stibsta7ices» 




Pearl - 



2750 

Milk, cow’s - 

• 


1032 

Coral - 

. 


2680 

Wax, white - 

. 


968 

Sheep’s bones, recent 


- 

2222 

, yellow • 

. 


965 

Oyster shell - 

- 

- 

2092 

Spermaceti 

- 


943 

Ivory 

- 

• 

1917 

Butter 

- 


942 

Stag’s horn 

. 

- 

1875 

Tallow 

- 


942 

Ox’s horn 

- 

- 

1840 

Lamp oil 

- 


923 


Woods. 


Pomegranate tree 

- 

. 

1354 

Maple 

. 

. 

755 

Lignum Vita 

- 

- 

1333 

Cherry tree - 

- 


715 

Box, Dutch - 

. 

. 

1.328 

Quince tree - 

. 


705 

Ebony 

- 

- 

1177 

Orange tree - 

- 


705 

Heart of oak, 60 years felled 

- 

1170 

Walnut 

• 

• 

671 

Oak, English, just felled 

- 

1113 

Pitch pine 


. 

660 

y seasoned 

- 

743 

Red pine 

- 


657 

, usually stated at 

925 

Yellow pine - 

. 

. 

529 

Bog oak of Ireland 
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White pine 

- 

. 

420 

Teak of the East Indies 

. 

745 to 657 

Fir of New England 

- 

. 

553 

Mahogany 

. 

1063 to 637 

— of Riga 


. 

753 

Pear tree, trunk 

- 


646 

— of Mar Forest, Scotland 

• 

696 

Medlar tree - 

- 

- 

944 

Cypress 

. 

. 

644 

Olive wood - 



927 

lame tree 

. 


604 

Logwood 


. 

931 

Filbert wood - 

. 

. 

600 

Beach 


- 

852 

Willow 

. 

. 

585 

Ash - 

- 

. 

845 to 600 

Cedar 

. 


560 

Yew, Spanish - 


. 

807 

Juniper 

. 


556 

, Dutch - 

- 


788 

Poplar, white Spanish 

- 

529 

Alder 



800 

, common 


. 

383 

Elm - 

_ 


800 to 600 

Sassa&as wood 

. 


482 

Apple tree 

_ 

. 

793 

Larch of Scotland 



530 

Plum tree 

- 

- 

755 

Cork - 

. 

. 

240 
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Spec0s. (Lat.) In ancient architecture, the canal into which the water Bowed in aqueducts 
raised above the surface of the ground, and constructed of hewn stones or bricks. It 
was covered with a vault to preserve the water from the sun, and from being mixed with 
rain water. The specus was sometimes covered with flat stones, laid horizontally, as in 
the Aqua Martia, part of the Aqua Claudia, and the aqueduct of Segovia. Sometimes 
the same arcade carried several of these canals one above the other. 

Sphakisterium. a building for the exercise of the ball ; a tennis court. The ancients 
generally placed spbsristeria among the apartments of their baths and gymnasia. They 
were also placed in large villas, as in those of Pliny the younger. 

Sphere. (Gr. ^(paipa.) A solid, whose surface is at every point equally distant from a 
certain point within the solid, which point is called the centre of the sphere. Every 
sphere is equal to two-thirds of its circumscribing cylinder, that is, it is equal to a 
cylinder whose ends are circles, equal to a great circle of the sphere, and whose height is 
equal to the diameter of the same. 

Spherical Bracketinq. That so formed that the surface of the plastering which it is to 
receive forms a spherical surface. ♦ 

Spheroid. See Conoid. 

Spheroidal Bracketing. That formed to receive the plastering of a spheroid. 

Spina. See Circus. 

Spintharus. See Architects, list of, 9. 

Spiral. A curve which makes one or more revolutions round a flxed point, and does not 
return to itself. 

Spire. (Gr. Sircupo, a twisting.) In ancient architecture, the base of a column, ana some- 
time the astragal or torus ; but amOng the moderns it designates a steeple diminishing 
as it ascends, either pyramidally or conically. See Addenda to Glossary. 

Splayed. A term applied to whatever has one side making an oblique angle with the 
other: thus, the heading joists of a boarded floor are frequently splayed in their thick- 
ness; as are also the Jambs or sides of a window. In the latter case, the practice is for 
the better lighting of a room. The word fining is sometimes applied to an aperture, in 
the same sense as splayed. 

Spring Bevel op a Rail. The angle made by the top of the plank, with a vertical plane 
touching the ends of the railplece, which terminates the concave side. 

Sfringed. In boarding a roof, the setting the boards together with bevel joints, for the 
purpose of keeping out the rain. 

Springer. The impost or place where the vertical support to an arch terminates, and the 
curve of the arch begins ; the term is sometimes used for the rib of a groined roof 

Springing Course. The horizontal course of stones, from which an arch springs or rises; 
or that row of stones upon which the first arch stones are laid. 

Square. (Lat. Quadra.) A figure of four equal sides, and as many equal angles; also, 
an area of such form surrounded by houses, and ornamented in the centre with a lawn, 
shrubs, trees, &c. In joinery, a work is said to be square framed, or framed square, when 
the framing has all the angles of its styles, rails, and mountings square without being 
moulded. The word is also applied to an instrument for setting out angles square. See 
Carpenter’s Square. It is also a measure used in building of 100 superfici^ feet. 

Square Shoot. A wooden trough fi>r discharging water from a building. 

Square Staff. A piece of wood placed at the external angle of a projection in a room to 
secure the angle, which if df plaster would be liable to be broken, and at the same time 
to allow a good finish for the papering. 

Squaring a Handrail. The method of cutting a plank to the form of a rail for a stair- 
case, so that all the vertical sections may be right angles. 

Squaring a Piece of Stuff. The act of tryingit by the square, to makethe angles rightangles. 

Stable. (Lat.) A building for the accommodation of horses. 

Stack of Chimneys. See Chimney. 

Stadium. (Gr.) In ancient architecture, an open space wherein the athlets or wrestlers 
exercised running, and in which they contested the prizes. It signifies also the place 
itself where the public games were celebrated, oflen formed a part of the gymnasia. The 
word also denotes a measure of length among the Grecians, of 125 paces. 

Staff-bead. See Angle-bead. 

Stage. A floor or story. In a theatre, the floor on which the performers act. The stage 
of a buttress is, in ecclesiastical architecture, the part between one splayed projection and 
the next. 

Stair. (Sax. Stacsep, to step.) A stone, or piece of other material, by which a person raises 
himself one step. A series of steps or stairs for ascending from the lower to the upper 
part of a building, when encli^ed by a wall, is called a staircase. 

Staircase. That part or subdivision in a building containing the stairs, which enable 
persons to ascend or descend from one floor to another. See Book HI. Chap. 1. 
Sect. 23. tor its construction. 
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Stalk. (Sax.) An ornament in the Corinthian capital, which is sometimes fluted, and re> 
sembles the stalk of a plant ; from it spring the volutes and helices. 

Stall. (Sax.) A place or division in a stable wherein one horse is placed for feeding ano 
sleeping. According to their number in a stable it is called a one-stall, two-stall, &c. sta- 
ble. This word is also used to denote an elevated seat in the choir or chancel of a 
church appropriated to an ecclesiastic, such as the prebendal stall of a cathedral. 

Stanchion. (Fr. Estan^on.) A prop or support. The upright muUions or bars of a 
window or open screen. Also a Pcncbion, which see. 

Standards, llie upright pieces in a plate rack, or above a dresser, to support the shelves 
thereover. 

When the edges of standards are cut into mouldings across the fibres of the wood they 
are called cut standards. 

Staple. A small piece of iron pointed at each end, and bent round, so that the two ends 
may be parallel to each other, and of equal lengths, to be driven into wood or into a wall, 
thus forming a loop for fastening a hasp or bolt. 

Starlings or Sterlings, sometimes called Stilts. An assemblage of piles driven round 
the piers of a bridge to give it support. 

Statics. See Mechanics. 

Statuary Marble. See Book II. Chap. II. Sect. 3. 

Staves. Small upright cylinders, sometimes called roundSy for forming a rack to contain 
the hay in stables for the supply of it to the horses. 

Stay. A piece performing the office of a brace, to prevent the swerving of the piece to 
which it is applied. The term is general, and applies to all materials. 

Steel. (Sax. Seal.) Iron united with carbon, which is accomplished in two ways, by fu- 
sion and by cementation ; the former is used to ctlivert iron into steel immediately from 
the ore, or from crude or cast-iron ; the last-named process is effected by exposing iron, 
covered with charcoal, to a strong continued heat. The process for converting iron into 
steel was known to the ancients. 

Stbknino. The brickwork laid dry (that is, without mortar) used for forming the cylin- 
drical shaft of a well or cesspool, whose office is to prevent the irruption of the surround- 
ing soil. 

Steeple. (Sax. Stepel.) A lofty erection attached to a church, chiefly intended to contain 
its bells. The word is a general term, and applies to every appendage of this nature, 
whether tower or spire, or a combination of the two. 

Steps. The same as Stair, which see. 

Stereobata. See Pedestal. 

Stereogeapuic Projection. That projection of the sphere wherein the eye is supposed 
to be placed on the surface. 

Stereography. (Gr. Srcpcos, solid, and I describe.) That branch of solid geometry 

which demonstrates the properties and shows the construction of all regularly defined 
solids ; it explains the methods for constructing the surfaces on planes, so as to form the 
entire body itself, or to cover its surface ; or, when the solid is bounded by plane sur- 
faces, the inclination of the planes. 

Stereotomy. The science of cutting solids to suit certain conditions required for their 
forms. 

Stile. (Sax.) The vertical part of a piece of framing into which, in joinery, the ends of 
the rails are fixed by mortises and tenons. « 

Stilts. See Starlings. 

SroA. (Gr.) In Grecian architecture, a term corresponding with the Latin portfews, and 
the Italian portico. 

Stock. The part of a tool for boring wood with a crank whose end rests against the breast 
of the workman, while with one hand he holds the boring end steady, and with the other 
turns the crank ; the steel borers are called hits, and the whole instrument is called a 
stock and bit. 

Stone. (Sax.) A natural indurated substance found beneath and on the surface of the 
earth in almost every part of the world, and which for its strength and durability has 
been universally employed for building purposes. See Book II. Chap. II. Sect. 1. 

Stoothings. A provincial term which signifies the battening of walls. 

Stop-cock. A cock used in plumbery to turn off the supply to a reservoir. 

Story. (Lat. or Sax. S<coj»,) One of the vertical divisions of a building ; a series of apart- 
ments on the same level. 

Story Posts. Upright timbers disposed in the story of a building for supporting the 
superincumbent part of the exterior wall through the medium of a beam over them; they 
are chiefly used in sheds and workshops, and should have either a solid wall below or 
stand upon a strong wooden sill upon inverted arches, or upon large stones, with their 
ends let into sockets. 

Story Rod. One used in setting up a stmrease, equal in length to the height of the story. 
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and divided into as many parts as there are intended to be steps in the staircase, so that 
they may be measured and distributed witli accuracy. 

Straight Joint Floor. See Floor. 

Straiv. (Sax. Scpens.) The force exerted on any material tending to disarrange or 
destroy the cohesion of its component parts. 

Straining Piece or Strutting Piece. A beam placed between two opposite beams to 
prevent their nearer approach, as rafters, braces, struts, &c. If such a piece serves also 
the office of a sill, it is called a straininff siB. 

Strap. (Dutch, Stroppe.) An iron plate for the connection of two or more timbers, where- 
into it is screwed by bolts. 

Strength of Materials. See Book II. Chap. I. Sect. II. 

Stretched out. A term applied to a surfoce that will just cover a body so extended that 
all its parts are in a plane, or may be made to coincide with a plane. 

Stretcher. A brick or stone laid with its longer foce in the surface of the wall. 

Stretching Course. In walling, a course of stones or bricks laid with their longer 
dimensions in a horizontal line parallel to the foce of the wall ; it is exactly the contrary 
of a heading cowrsc, in which the breadths of the stones or bricks are laid in a straight 
line parallel to the face of the wall. 

Strije. (Lat.) The lists or fillets between the flutes of columns. 

Striated. Champered or channeled. 

Striges. The channels of a fluted column. 

Striking. A term used to denote the draught of lines on the surface of a body ; the term 
is also used to denote the drawing of lines on the face of a piece of stuff for mortises, and 
cutting the shoulders of tenons. Another application of the word occurs in the practice 
of joinery, to denote the act of running a moulding with a plane. The striking of a centre 
is the removal of the timber framing upon which an arch is built, after its completion. 

String or String Piece. That part of a flight of stairs which forms its ceiling or sofite. 

String Board. In wooden stairs, the board next the well-hole which receives the ends of 
the steps ; its face follows the direction of the well-hole, whatever the form : when curved, 
it is frequently formed in thicknesses glued together, though sometimes it is got out of 
the solid, like a hand-rail. 

Strix. (Lat.) A channel in a fluted column. 

Struck. A terra used to denote the removal of any temporary support in a building 
during its execution. 

Strut. See Brace. 

Strutting Beam or Strut Beam. A term used by old writers in carpentry, for what 
is DOW called a straining or collar beam. 

Strutting Piece. The same as Straining Piece, which see ; and also Bridgings ana 
Kets. 

Stucco. (Fr. Stuc.) A term indefinitely applied to calcareous cements of various descrip- 
tions. 

Studs. (Sax.) The quarters or posts in partitions. The terra is used chiefly iu the 
provinces. 

Stuff. (Dutch.) A general term for the wood used by joiners. 

Stylobata. See Pedestal. 

Subdivision and Afaatments of a Building. See Book III. Chap. II. Sect. 5. 

Subnormal. The distance between the foot of the ordinate and a perx>endicular to the curve 
(or its tangent) upon the axis. 

SuB-ptiNTH. A second and lower plinth placed under the principal one in columns and 
pedestals. 

SoB-FRiNciFALs. The Same as auxiliary rafters or principal braces. 

SuDATio. (Lat.) See Concamerata Sudatio. 

SuGSR. Architects, list ot 96. 

Summer. (Perhaps from Soma, Ital. ) The lintel of a door, window, &c. A beam tenoned 
into a girder to support the ends of joints on both sides of it It is frequently used as a 
synonyme for s girder. Also a large stone laid over columns and pilasters in the com- 
mencement of a cross vault. It is, moreover, used in the same sense as Bressummer, 
which see. 

Summer Tree. See Dormant Tree. 

Summering. See Beds of a Stone. 

Sunk Shelves. Such as are formed with a groove in them to prevent the plates, dishes, 
or other materials sliding off their upper surface. 

SupEBSTRucruRE. (Lat.) The work built on the foundation of a buflding. The upper part. 

Support. See Points of Support, 

SuRBASE. TTie series of mouldings immediately above the base of a room. 

Swallow-tailed. See Dove-tailed. 

Swedish Timber. See p. 485. 
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Sycamore. The acer pseuJo-pIatanus, a tre^ whose wood is much used by turners. See 
p. 486. 

Syenite. A stone which consists of feldspar and hornblende, of various colours, as red- 
dish, dull green, &c., as the feldspar or hornblende may predominate. It obtained the 
name irom its abundance of syene, and according to Pliny was at first named pyropcecilos. 
It is, in fact, a species of granite, and was the material used for Pompey*s Pillar. 

Symmetry. ( Gr. Suv, with, and Merpta, I measure. ) A system of proportion in a build- 
ing, from which results from one part the me^urement of all the rest. It also conveys 
the meaning of uniformity as regards the answering of one part to another. 

Systyle. (Gr.3 See Colonnade. 

T. 

Taberm. a provincial term for a cellar. 

Tabernacle. (Lat.} In Catholic churches the name given to a small representation of 
an edifice placed on the altar for containing consecrated vessels, &c. 

Table. In perspective, the same as the plane of the picture, being the paper or canvas on 
which a perspective drawing is made, and usually perpendicular to the horizon. In the 
theory of perspective, it is supposed to be transparent for simplifying the theory. 

Table or Tablet. (Lat. Tabula.) A flat surface generally charged with some ornamental 
figure. The outline is generally rectangular, and when raised from the naked of the 
wall, is called a projecting or raised table. When not perpendicular to the horizon, it is 
called a raking table. ^Vhen the surface is rough, frosted, or vermiculated, from being 
broken with the hammer, it is called a rusticated table. 

Table, Corbel. See Corbel Table. 

Table of Glass. In glass works and among glaziers, a circular plate of glass, being its 
original form before it is cut or divided into squares. Twenty-four tables make a case. 

Table, Water. An inclined plane where a wall sets off to a smaller projection, for the 
purpose of throwing off the water, principally used in buttresses and other parts of 
Gothic edifices. 

Tablet, The same as Table. 

Tabling. A term used by the Scotch builders to denote the coping of the walls of very 
common houses. 

Tablinum. (Lat.) In Roman architecture, an apartment situated in the narrow part of 
the atrium, as is supposed, fronting the entrance. Its exact position is not now known, 
and indeed the situation of it may, under circumstances, have varied, its true place 
therefore must be a matter of doubt. 

Tabulatum. (I^t.) A term used by the Romans not only in respect to the floors, wains- 
cottings, ceilings, &c., which were constructed of wood, but also to balconies and other 
projecting parts, which latter Vitruvius calls prtgectiones. 

Tacks. Sm^ nails used for various purposes, but principally for stretching cloth upon a 
board. 

T^nia. (Or.) The fillet which separates the Doric frieze from the architrave. 

Tail. (Verb.) A term denoting the hold of any bearing piece on that which supports it, as 
where the end of a timber lies or tails upon the wall. 'Ilie expression is similar to what 
in joinery is called housing, witli this difference, that housing expresses the complete .sur- 
rounding of the cavity of the piece which is let in. 

Tail Bays. See Case Bays. 

Tail Trimmer. One next the wall, into which the ends of joints are ^stened, in order to 
avoid flues. 

Tailing. The part of a projecting stone or brick inserted in a wall. 

Tailloir. (Fr.) The name which the French give to the abacus. 

Talon. (Fr.) The name given by the French to the ogee. 

Tambour. (Fr. a drum.) A term denoting the naked ground on which the leaves of the 
Corinthian and Composite capitals are placed. It signifies also the wall of a circular 
temple surrounded with columns, and farther the circular vertical part below a cupola 
as well as above it. 

Tangent. (IL.at. Tango.) A line drawn perpendicular to the extremity of the diameter of 
a circle, and therefore touching it only at one point. In trigonometry it is a line drawn 
perpendicularly from the extremity of the diameter, at one end of the arc, and bounded 
by a straight line drawn from the centre through the other. 

Tapering. A term expressive of the gradual approach, as they rise, of the sides of a body 
to each other, so that if continued they would terminate in a point. 

Tarras. See Book II. Chap. 11. Sect. 10. It is a strong cement, useful in aquatic works, 

Tassals. (Fr.) The pieces of timl)er lying under the mantel tree. 

Taste. See p. 673. 676. 

Tatti Sansovino. See Architects, list ofi 229. 
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Taveixa. (Lat ) Bricks in ancient Roman architecture which were seven inches long 
and three and a half broad. 

Taxis. (Or*) A terra used by Vitruvius to signify that disposition which assigns to 
every part of a building its just dimensions. Modem architects have called it or» 
donnanee* 

Taylor, Sir Robert. See Architects, list of, 302. 

Teazs Tekon. a tenon on the top of a pc^t, with a double shoulder and tenon from each, 
for supporting two level pieces of timber at right angles to each other. 

Tectorium Opus. (Lat.) A name in ancient architecture given to a species of plastering 
used on the walls of their apartments. 

Telamones. (Gr. TAtuw, to support.) Figures of men used in the same manner as Cary- 
atides. They are sometimes called atlantes. 

Temones. (Gr. Te/iPos.) The places in a temple where statues were placed. 

Tempered. An epithet applied to bricks which may be cut with ease, and reduced with 
ease to a required form. The term is also applied to mortar and other cement, which 
has been well beaten and mixed together. 

Templa. (Lat.) Timbers in the roof of the Roman temples, which rested on the cantkerii, 
or principal rafters, similar to our purlins. 

Template. An improper orthography for Templet, which see. 

Temple. ( Lat. ) Generally an edifice erected for the public exercise of religious worship. 
The subject of temples has been so fully considered in the body of the work, under the 
different heads of Ancient, Grecian, and Roman Architecture, that we shall here confine 
ourselves to the description of the different species of temples mentioned by Vitmvius, 
The diflference between temples is by that author thus given (book iii. ) ; — A temple is 
said to be in antis when it has anta or pilasters in front of the walls, which enclose the 
cells, with two columns between the anta. A plan of such a temple is seen va. Jig. 1047. 



rig. 1047. 



Fi|f. 1048. 


It was crowned with a pediment, and was not dissimilar to the prostylos temple, to which 
we shall presently come. In the figure, A is the cell, aa the anta, and if in front of 
them, the columns hhbb were placed, it would be a prostyle temple ; C is the door of the 
cell, and B the pronaos. The appearmice in front of this species is the same as the 
amphiprostyle temple, which is given 'mjig. 1048., and wherein columns are also placed in 
front of the anta. Of the prostyle temple, an example, that of the temple of Jupiter and 
Fmiims, existed <m the island of the Tyber at Rome. In the figure of the amphiprostyle 
temple, A is the cell, B the pronaos, C the posticus, D the door of the cell, and aa are the 
antae. It will be immediately seen that the same elevation will apply (Jig. 1049.) to both 
the plans just given. The amphiprostyle temple, be it observed, has columns in the rear 
as well as in fimnt,and is distinguished by that from the prostylos of 1047., wherein 
the columns &666 {Jig. 1048.) would make that prostylos which, but for them, would be 
memly a temple in antis, llie amphiprostyhs then only differs from the prostyle by 
having adumns in the rear, repeated similarly to those in the front. The Jig. 1049. 




GLOSSARY, ETC. 


1041 


applies on double the scale of the plan to both Jiys. 1047. and 1048., and is a diastyle 
tetrastyle temple, that is, one wh<Mie intercolumniations (see Colonnade) are of three 
diameters, and the number of whose columns is four. 



Fig. 1019. 


A peripteral temple had six columns in front and rear, and eleven on the flanks, count- 
ing the two columns on the angles (see Jig. 1050.), and these were so placed that their 
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the species, which is hexastyle and eustyle, that U, with columns in front, whose 
intercolumniation is cus/y/e, or of two diameters and a quarter. (See Colonnade.) In 
this figure, which is to a double scale of the plan, aeta are acroteria. 

The pseudo-dipteral temple was constructed with eight columns in front and rear, and 
with fifteen on the sides, including those at the angles, see Jig, 1052. The walls of the 



fig. 1052. 


Fiff. 1053. 


cell are opposite to the four middle columns of the front and of the rear. Hence, from 
the walls to the front of the lower part of the columns, there will be an interval equal 
to two intercolumniations and the thickness of a column all round. No example existed 
of such a temple at Rome ; but there was one to Diana, built by Hermogenes of 
Alabanda, in Magnesia, and that of Apollo by Menesthes. The dipteral temple {Jg. 
1053.) is octastylos like the former, and with a pronaos and posticum, but all round the 
cell are two ranks of columns : such was the temple of Diana, built by Ctesiphon. The 



Fiff. 1051. 

elevation (Jg. 1054.) is the same in the dipteral and pseudo-dipteral temple, and in the 
figure is with the systyle intercolumniation. 

The hypathral temple, or that uncovered in the centre, is decastylos in the pronaos 
and posticum ; it is in other respects (see Jig. 1055.) similar to the dipteral, except that 








Fig. 1056. 


We have described the peripteral temple, but there is still another connected with 
that specif though distinct, and that is the pseudo-peripteral, or false peripteral, in 
which there is no passage round the walls of the cell, but an appearance of surrounding 
columns (see jig. 1057.). 



Fig. 1057. 


By this arrang^^t more room was given to the space of the cell. 
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Fig. 1058. 


The elevation of this is given in Jig. 1058. Vitruvius thus describes, as follows, the 
proportions of the Tuscan temple : 

Ihe length of the site of the temple intended 
(see Jig. 1059.) must be divided into six parts, 
whence, by subtracting one part, the width thereof 
is obtained. The length is then divided into two 
parts, of which the furthest is assigned to the cell, 
that next the front to the reception of the columns. 

The above width is to be divided into ten parts, 
of which three to the right and three to the left 
are for the smaller cells, or for the alse, if such are 
required ; the remaining four are to be given to 
the central part. The space before the cells in the 
pronaos is to have its columns so arranged that 
those at the angles are to correspond with the ants 
of the external walls : the two central ones oppo- 
site the walls between the anta? and the middle of 
the temple are to be so disposed, that between the 
ants and the above columns, and in that direction, 
others may be placed. 

Their thickness below is to be one-seventh of 
their height, their height one-third of the width of 
the temple, and their thickness at top is to be one- 
fourth less than their thickness at bottom. Their 
bases are to be half a diameter in height. The 
plinths, which are to be circular, are half the height 
0 ^ the base, with a torus and fillet on them as high 
as the plinth. 

The height of the capital is to be ludf a diameter, and the width of the abacus equal 
to the lower diameter of the column. Tbe height of the capital must be divided into 
three parts, whereof one is assigned to the plinth or abacus, another to the echinus, the 
third to the hypotrachelium, with its apopbyge. 

Over the columns coupled beams are laid of such height as the magnitude of the 
work may require. Their width must be equal to that of the hypotrachelium at the top 
of the column, and they are to be so coupled together with dovetailed dowels as to 
leave a space of two inches between them. Above the b^ms and walls the mutuli 
project one-fourth of the height of the columns. In front of these members are fixed, 
and over them, the tympanum of the pediment, either of masonry or timber. 

Of circular temples there are two species ; the monopteral {Jig. 1060.) having columns 
without a cell, and the peripteral with a cell as in 1061. In this last the clear 
diameter of the cell within the walls is to be equal to the height of the columns above 
the pedestal. Of this species was the celebrated temple at Hvoli, in the admiration 
whereof no dissentient firom its allowed beauty has hitherto been recorded. With it 
atuation has doubtl^ much to do. 



Fig. 1059. 
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Templet. A mould used iu masonry and brickwork for the purpose of cutting or settmg 
out the work. When particular accuracy is required, two templets should be used, one 
for moulding the end of the work, and its reverse for trying the face. When many stones 
or bricks are required to he wrought with the same mould, the templets ought to be 
made of copper. 

The term is also used to denote a short piece of timber sometimes laid under a girder, 
particularly in brick buildings. 

Tenoi?. (Fr. Tenir.) A projecting rectangular prism formed on the end of a piece of 
timber to be inserted into a mortise of the same form. 

Tenon Saw. One with a brass or steel back for cutting tenons. 

Tension. The stretching or degree of stretching to which a piece of timber or other 
material is strained by drawing it in the direction of its length. 

Teocofoli. See Architects, list of, 231. 

Tepidarium. (Lat.) A name given to one of the apartments of a Roman bath. 

Term or Terminus. A sort of trunk, pillar, or pedestal often in the form of the frustum 
of an inverted obelisk with the bust of a man, woman, or satyr on the top, 

Terra Cotta. (It.) Baked or burnt earth, frequently used at an early period for the 
architectural decoration of a building. In the time of Pausanias there were in many 
temples statues of the deities made of this material. Bass! rilievi of terra cotta were 
frequently employed to ornament the friezes of temples. In modem times* it has also 
been much used for architectural decoration, being plastic at first, easily worked, solid, 
and not expensive. 

Terrace. An area raised before a building above the level of the ground to serve as a 
walk. The word is sometimes but improperly used to denote a balcony or gallery. 

Tessklated Pavement. A rich pavement of Mosaic work made of small square marbles, 
bricks, tiles, or pebbles, called tesselce or te8ser<e. 

Tessera. (Gr.) A cube or die. This name was, for what reason we are at a loss to con- 
ceive, applied to a composition used some years ago for covering flat roofs, but now, 
from its failure, quite abandcmed. 

Testudo. (Lat.) A name given by the ancients to a light surbased vault with which 
they ceiled the grand halls in baths and mansions. Generally, any arched roof. 

Tetradoron. (Gr.) A species of brick four palms in length. 

Tetragon. ( Gr.) A figure which has four sides and as many angles. 
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Txtraspastos. (Gr. Terpa, four, and Zircurau, to draw). A machine working with four 
pulleys. , 

Tetbasttlz. (Gr. Trrpo, and SruXor, a column.) See Colonnade. 

Thatch. The covering of straw or reeds used on the roo& of cottages, bams, and such 
buildings* 

Theatre. (Gr. QeaoficUy to see.) A place appropriated to the repre^ntation of dramatic 
spectacles. In respect of the ancient theatres see page 71.; and of modem theatres. 
Book III. Chap. III. Sect. 16. 

Theodolite. An instrument used in surveying for taking angles in vertical or horizontal 
planes. 

Theodorus. See ARCHiTEcre, list of, 1. 

Theorem. A proposition which is the subject of demonstration. 

Ther5i^ See Bath. 

Thomas op Canterbury. See Architects, list of, 138. 

Thorough Framing. Tbe framing of do<Hs and windows, a term almost obsolete. 

Thorough lighted Rooms. Such as have windows on opposite sides. 

Threshold of a Door. The sill of tbe door frame. 

Throat. See Gorge and Chimney. 

Thrust. The force exerted by any body or system of bodies against another. Thus the 
thrust of an arch is the power of the arch stones considered as a combination of wedges 
to overturn the abutments or walls from which the arch springs. 

Thtnne. See Architects, list o^ 235. 

Tie. (Sax. Tian, to bind.) A timber-string, chain, or iron rod connecting two bodies 
together, which have a tendency to diverge from each other, such as tie-beams, diagonal 
ties, truss-posts, &c. Braces may act either as ties or straining pieces. Straining pieces 
are preferable to ties, for these cannot be so well secured at the joints as straining 
pieces. 

Tie (Angle). See Angle Brace. 

Tie Beam. The beam which connects the bottom of a pair of principal rafters, and prevrats 
them from thrusting out the wall. 

Tierce Point. The vertex of an equilateral triangle. Arches or vaults of tbe third point, 
which are called by the Italians di terzo aevtOy are such as consist of two arcs of a circle 
intersecting at the top. 

Tietlandus, See Architects, list of, 72. 

Tioe. (Fr.) A term used by the French, signifying the shaft of a column. 

Tile. (Sax. Tisel.) A thin piece or plate of baked clay or other material used for the 
external covering of a roof. See Book II. Chap. III. Sect . 9. In ancient buildings 
two forms of tiles were used. The imbrex, placed in regular rows to receive the shower, 
and the tegula, which covered and prevented tbe rain from penetrating tbe joints. The 
latter were fixed at the eaves with upright ornamental pieces called antefixac, which were 
also repeated along the ridge at the junction of the tiles. Tbe present common tiles of 
Italy are on this principle, and are shown by 1062. 



Fig. 1062 . 


Tile Creasing. See Creasing. 

Tiling. See Book II. Chap. III. Sect. 2. 

Timber. (Sax. Timbpian, to build.) Properly denotes all such wood, either growing or 
cut down, as is suited to the purposes of building. A single piece of wood, similarly 
employed, is so called as one of the timbers of a floor, roof, &c. See Book II. Chap. II. 
Sect. 4. 

Tiodas. See Architects, list of, 7S. 

Tomb. (Gr. TvfiSos.') A grave or place for the interment of a human body, including also 
any commemorative monument raised over such a place. The word embraces every 
variety of grave and sepulchral monument, from the meanest grave to the most sumptuous 
mausoleum. 

Tondino. (It.) Same as Torus, which see. 

Tongue. See Groove. 

Tools. (Sax.) Instruments used by artificers for the reduction of any material to its 
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iixtended fonn. An Mcotmt of those used by each set of irorkzn^ will be found under 
eadi department in Bode II. Chap. III. 

Tooth. The iron or steel point in a gage which marks the stuff in its passage, or draws a 
line parallel to the arris of the piece of wood. 

Toothing. A projecting piece of material which is to be received into an adjoinii^ piece. 
A tongue or series of tongues. 

Top Beam. The same as Collar Beam, which see. 

Top Rail. The uppermost rail of a piece of framing or wainscottii^, as its name 
imports. 

Torskl. The same as Tassak, which see. 

Tobsiok. The twisting strain on any mateiiaL 

Torus. (Lat.) A large moulding whose section is semicircular, used in the bases of 
columns. The only difference between it and the astragal is in the size, the astragal 
being much smaller. 

Tower. (Sax.) A lofty building of several stories, round or polygonaL 

Town Hall. A building in which the affairs of a town are transacted. See Book HI. 
Chap. III. Sect. 7. 

Trabeation. Another term for Entablature. 

Trabs. The Latin term for a wall-plate. 

Tracebt. In Gothic architecture, the intersection, in. various ways, of the muUions in the 
head of a window, the subdivisions of groined vaults^ Ac. 

Trammel. An instrument for describing an ellipsis by continued motion. 

Transept (quasi, transseptum). The transverse portion of a cruciform church ; that part 
which is placed between and extends beyond those divisions of the building containing 
the nave and choir. It is one of the arms projecting each way on the side of the stem oi 
the cross. 

Transom. A beam across a window of two lights in height. If a window have no tran- 
som it is called a clear story windo iv. 

Transtra. (X^t.) The horizontal timbers in the roofe of ancient Roman buildings. 

Transverse. Lying in a cross direction. The traruverM rfratn of a piece of timber is that 
sidewise, by which it is more easily bent or broken than when compressed or drawn as a 
tie in the direction of its length. 

Trapezium. ( Gr. ) In geometry, a quadrilateral figure whose opposite sides are not paralld 

iRAVEK&E. A g^ery or loft of communication in a church or other large building. 

Tread op the Step of a Stair. The horizontal part of it. 

Trefoil. In Gothic architecture, an ornament consisting of three cusps in a circle. 

Treluce. a reticulated framing made thin bars of wood for screens ; windows where 
air is required for the apartment, Ac. 

Tressel or Trussel. Props for the support of any thing, the under surfece of which is 
horizontal. Each trussel consists of three or four legs attached to a horizontal part 
When the tressels are high the legs are sometimes braced. Tressels are much used in 
building for tlw support of scafelding, and by carpenters and joiners for ripping and 
cross-cutting timber, and for many other purposes. 

Triangle. (I.at.) A plane rectilineal figure of three sides, and consequently of three 
angW In measuring, all rectilineal 6gures must be reduced to triangles, and in con- 
structions for carpentry all frames of more than three sides must be reduced to triangles 
to prevent a revolution round the angles. “ 

Tkungulae Compasses. Such as have three legs or feet by which any triangle or any 

three points may be taken off at once. ^ 

Tricukiom. (Lat.) The room in the Roman house wherein the company was received, 
rad seats placed for their accommodation. It was raised two steps from the peristyle, and 
had therein a large window, which looked upon the garden. The aspect of winter 
triclmia was to the west, rad of summer triclinia to the east. See p. 102. 

Triforiom. (Lat. ) The galley or open space between the vaulting and the roof of the 
aisles of a church, generally lighted by windows in the external wall of the buildup rad 
i^emng to the nave, choir, or transept over the main arches. It occurs only in lar^ 
churches, and is varied in the arrangement and decoration of its openings in each sno- 
ceeding period of architecture. 

TAu^, a channel.) He vertical tablets in the Doric frieze 
chamfered on the two vertical edges, and having two cbaimels in the middle, which are 
double channels to those at the angles. In the Grecian Doric, the triglypb is placed 
upon the angle ; but, in the Homan, the triglyph nearest the a^e is placed centrallT 
over the column. ^ 

TaiGONOMMRT. ( Gr. Tpfis, three, rotpia, an angle, rad Merpw, I measure. ) The science of 
“termining tte unknown parts of a triragle from cert^ parts that are given. It is either 
f»o»e or tpharical; the first relates to triangles composed of three right lines, and the 
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second to triangles Ibnned upon the surface of a sphere by three circular arcs. This 
latter is of less importance to the architect than the former, which is, for his purpc^e, 
suffidently explained in Book II. Chap. 1. Sect. 14. 

Trim^txral. (I^t.) Having three sides. 

Tmai. (Verb.) To fit to any thing ; thus, to trim up, is to fit up. 

TaiuMXD. A piece of workmanship fitted between others previously executed, which is 
then said to be trimmed in between them. Thus, a partition wall is said to be trimmed 
up between the fioor and the ceiling ; a post between two beams ; a trimmer between two 
joists. 

Trimmed out. A term applied to the trimmers of stairs when brought forward to receive ‘ 
the rough strings. 

Trimmer. A small beam, into which are framed the ends of several joists. The two 
joists, into which each end of the trimmer is framed, are called trimming joists. Tliis 
arrangement takes place where a weU>hole is to be left for stairs, or to avoid bringing 
joists near chimneys, &c. 

Trine Dimensions. Those of a solid, including length, breadth, and thickness ; the same 
as threefold dimensions. 

Tripod. (Gr. Tpcts, and Tlovs, a foot.) A table or seat with three legs. In architecture 
ornament its forms are extremely varied, many of those of the ancients are remarkable 
for their el^ance and beauty of 

Trisection. The division of any thing into three equal parts. 

Trocbilus. (Gr. Tpox*^os, a pulley. ) An annular moulding whose section is concave, like 
the edge of a pulley. It is more commonly called a scotia, and its place is between the 
two tori of the base of a column. 

Trochoid. (Gr. Tpox^r a wheel, and EtSos, shape.) A figure described by rolling a 
circle upon a straight line, such circle having a pin or fixed point in its circumference 
upon a fixed plane, in or parallel to the plane of the moving circle. It is also called a 
cycloid. 

Trophoniits. See Architects, list of, 3. 

Trophy. (Gr. Tpoircuov.) An ornament representing the trunk of a tree charged with 
various spoils of war. 

Trough. (&x. Tpob.) A vessel in the form of a rectangular prism, open on the top for 
bolding water. 

Trough Gutter. A gutter in the form of a trough, placed below the dripping eaves of a 
house, in order to convey the water from the roof to the vertical trunk or pipe by which 
it is to be discharged. It is only used in common buildings and outhouses. 

Truncated. (Lat. Trunco, I cut short. ) A term employed to signify that the upper por- 
tion of some solid, as a cone, pyramid, sphere, Ac. has been cut off. 'i'be part which re- 
mains is called n frustum. 

Trunk. That part of a pilaster which is contained between the base and the capital ; 
also a vessel open at each end for the discharge of water, rain, &c. 

Truss. ( Fr. Trousse. ) A combination of timber framing, so arranged^ that if suspended at 
two given points, and charged with one or more weights in certain others, no timber 
would press transversely upon another except by strains exerting equal and oppt^te 
forces. The principle of a truss is explained at p. 546. 

Truss Partition. One containing a truss within it, generally consisting of a quad angu- 
lar frame, two braces, and two queen posts, with a straining post between th^n, opposite 
to the top of the braces. 

Trussed Beam. One in which the combination of a truss is inserted between and let 
into tiie two pieces whereof it is composed. 

Trussing Pieces. Those timbers in a roof that are in a state of compression. 

Try. (Verb.) To plane a piece of stuff by the rule and square only. 

Tube. (Lat) A substance perforated longitudinally; generally quite through its 
length. 

Tumbled in. The same as trimmed in. See Trimmed. 

Tunnel. (Fr.) A subterranean channel for carrying a stream of water under a road, 
hill, &c. 

Turning Piece. A board with a circular edge for turning a thin brick arch upon. 

Turtentine. A resinous juice extracted from several trees belonging to the genus Pinus. 
All turpentine is obtained by exudation and hardening of the juice flowing from inci- 
sions into the pine trees. To obtain the oil of turpentine, the juice is distilled in an ap- 
paratus like the common still, and water is introduced with the turpentine. 

Turret. (Lat. Turns.) A sitiftll tower often crowning the ^igle of a wall, Ac. 

Tuscan Order. See Book III. Chap, I. Sect. 3. 

Tuse. a bevel shoulder madp above a tenon, and let into a ^der to give strength to the 
tenon. 

Ttmtanum. (Gr.) Ihe naked fitee of a pediment (see Pediment) included between the 
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level and raking mouldings. The word also signifies the die of a pedestal, and the 
panel of a door. 

Type. (Gr. Tinros.) A word expressing by general acceptation, and consequently appli- 
cable to, many of the varieties involved in the terms model, matrix, impression, &c. 
It is, in architecture, that primitive model, whatever it may have been, that has been the 
foundation of every style, and which has guided, or is supposed to have guided, the 
forms and details of each. What it was in each style is still only conjecture, and forms 
the ground for the various observations on them in various parts of the body of this 
work. 

Type. The canopy over a pulpit. 


U. 

Underpinning. Bringing a wall up to the ground sill. The term is also used to denote 
the temporary support of a wall, whose lower part or foundations are defective, and the 
bringing up new solid work whereon it is in future to rest. 

Ungula. The portion of a cylinder or cone comprised by part of the curved surface, the 
segment of a circle, which is part of the base, and another plane. 

University. An assemblage of colleges under the supervision of a senate, &c. See 
Book ni. Chap. III. Sect. 8. 

Ufhers. Fir poles, from four to seven inches in diameter, and from twenty to forty feet 
in length. They are often hewn on the sides, but not entirely to reduce them square. 
They are chiefly used for scaftblding and ladders, and are also employed in slight and 
common roofs, for which they are split 

Upright. The elevation of a building ; a term rarely used. 

Uria, de. See Architects, list of, 209. 

Urilla. See Helix. 

Urn. (Lat.) A vase of a circular form, destined among the ancients to receive and pre- 
serve the ashes of the dead. 

Ustambeb. See Architects, list of, 80. 


V. 

Vagina. (Lat.) The lower part of a terminus in which the statue is apparently inserted. 

Valdevira. &e Architects, list of, 224. 

Valerius of Ostia. See Architects, list of, 32. 

Valley. (Lat.) The internal meeting of the two inclined sides of a roof. The rafter 
which supports the valley is called the valley rafter or vaUey pieccy and the board fixed 
upon it for the leaden gutter to rest upon is called the vaihy hoard. The old writers 
called the valley rafters sleepers. 

Valuations of Property. See Appendix, p. 882. 

Valved, Any thing which opens on hinges. 

Vanbrugh. See Architects, list of, 270. 

Vane. A plate of metal shaped like a banner fixed on the summit of a tower or steeple, 
to show the direction of the wind. 

Vanishing Line. In perspective, the intersection of the parallel of any original plane and 
the picture is called the vanishing line of such plane. The vanishing point is that to 
which all parallel lines in the same plane tend in the representation. 

Vanvitelli. See Architects, list o^ 291. 

Variation or Curvature. The change in a curve by which it becomes quicker or flatter 
in its diflerent parts. Thus, the curvature of the quarter of an ellipsis terminated by 
the two axes is continually quicker from the extremity of the greater axis to that of the 
lesser. There is no variation of curvature in the circle. 

Varnish, A glossy coat on painting or the surface of any matter. It consists of dif- 
ferent resins in a state of solution, whereof the most common are mastic, sandarac, lac, 
benzoin, copal, amber, and asphaltum. The menstrua are either expressed, or essential 
oils, or alcohol. 

Vase. (Lat. Vas.) A term applied to a vessel of various forms, and chiefly us^ as an 
ornament. It is also used to denote the bell, or naked form, to which the foliage and 
volutes of the Corinthian and Composite capitals are applied. The vases of a theatre in 
ancient architecture were bell-shaped vessels placed under the seats to produce reverber- 
ation of the sound. 

Vault. (It. Volto. ) An arched roof over an apartment, concave towards the void, whose 
section may be that of any curve in the same direction. Thus a cylindric vavit has its 
surface part of a cylinder. A fuJl-centred vatdt is formed by a semi-cylinder. When a 
vault is greater in height than half its span, it is said to be surmounted when less surhased. 
A rampant vault springs from planes not parallel to the horizon. The double vaidt occurs 
in the case of one being above another. A co»ic vault is formed of part of the surface 
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of a cone, as a apkerical vault consists of part of the surface of a sphere. The plane of an 
annular vauU is contained between two concentric circles. A vault is ssdd to be aimple 
when formed by the sur^ice of some regular solid round one aicis, and compound when 
formed of more than one surface of the same solid or of two different solids. A cylxndro- 
cylindrie vault is formed of the surfaces of two unequal cylinders : and a groined vault is 
a compound one rising to the same height in its surfaces as that of two equal cylinders, 
or a cylinder with a cylindroid. The reins of a vault are the sides or walls that sustain 
the arch. See the section on Arches, Book II. Chap. I. Sect. 9. 

Velarium. (Lat.) The great awning which by means of tackle was hoisted over the 
theatre and amphitheatre to protect the spectators from the rain or the sun’s rays. 

Vellar Cupola. A term used by Alberti to denote a dome or spherical surface termi- 
nated by four or more walls, frequently used over large staircases and salons, and other 
lofty apartments. 

Veneer. A very thin leaf of wood of a superior quality for covering doors or articles of 
furniture which are made of an inferior wood. 

Venetian Door. A door having side lights on each side for lighting an entrance hall. 

Venetian Window. One formed with three apertures separated by slender piers firom each 
other, whereof the centre one is much larger than those on the sides. 

Vent. The flue or funnel of a chimney ; also any conduit for carrying off that which is 
offensive. 

V ENTiDucT. A passage or pipe for the introduction of fresh air to an apartment. 

Ventilation. The continual supply of fresh air to an apartment, a subject which latterly 
has been considered so necessary, though much neglected as the moderns seem to think 
by their ancestors, that a volume would not hold the schemes that have been latterly pro- 
posed for that purpose. Generally it is enough for the architect to provide means for 
letting off the hot air of an apartment or building by apertures at the upper part of the 
rooms, &c., to which the hot air will ascend without afflicting with the currents of fresh 
air that are to be introduced those that inhabit them. 

VERMiruLATED. (Lat.) A term applied to rustic- work which is so wrought as to have 
the appearance of having been eaten into by worms. 

Vertex. (Lat. the top.) A term generally applied to the termination of any thing 
finishing in a point, thus we say the vertex of a cone, Ac. 

Vertical Angles. The opposite ones made by two straight lines cutting each other. 

Vertical Plane. One whose surface is perpendicular to the horixon. 

Vestibule. (Lat. Vestibulum.) An apartment which serves as the medium of communi- 
cation to another room or series of rooms. In the Homan houses it appears to have 
been the place before the entrance where the clients of the master of the house, or those 
wishing to pay their court to him, waited before introduction. It was not considered as 
forming a part of the bouse. The entrance from the vestibulum led immediately into 
the atrium, or into the cav^edium. 

Vestbt. (Lat. Vestiariura.) An apartment in, or attached to, a church for the preser- 
vation of the sacred vestments and utensils. 

Vice. A term in old records applied to a spiral or winding staircase. In mechanics a 
machine serving to hold fost any thing worked upon, whether the purpose be filing, bend- 
ing, riveting, &c. 

Villa. A country-house for the residence of an opulent person. Among the Romans 
there were three descriptions of villa, each having its particular destination, namely. The 
ViUa urbana, which was the residence of the proprietor, and contained all the conve- 
niences of a mansion in the city. The ViUa rusticoy which contained not only all that 
vras essential to rand economy, such as barns, stables, &c., but comprised lodging apart- 
ments for all those who ministered in the operations of the frurming establishment. The 
l^illa jructuaria was appropriated to the preservation of the different productions of the 
estate, and contained the granaries, magazines for the oil, cellars for the wine, &c. See 
Book III. Chap. III. Sect. 22. 

Vinci, da. See Architects, list of, 181. 

ViNEET. A house for the cultivation of vines. See Conservatorv. 

VisoRiuM. (Lat.) See Amphitheatre. 

Visual Point. In perspective a point in the horizontal line in which the visual rays 
unite. 

Visual Rat. A line of light supposed to come from a point of the object to the eye. 

VrroNi. See Architects, list of, 168. 

ViTRipicATioN. The hardening of argillaceous stones by heat. 

Vitruvius Pollio. See Architects, list of, 40. 

VrpRunus Cxrdo, See Architects, list of, 41, 

Vrro, (Ital.) The shaft of a column. 

Volute. A ^iral scroll which forms the principal feature of the Ionic and Composite 
capitals. 
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VoMiTo&iA. (Lat.) See Amfhithxatb.z. 

VoussoTR. (Fr.) A wedge-like stone or other matter forming one of the pieces of an arcii. 
See Arch. 

W. 

Wagon-headed Ceiung, The same as cylindric celling. See Vault. 

Wainscot. (Dutch, Wayschot.) A term usually applied to the wooden lining of walls in 
panels. Ihe wood originally used for this purpose was a foreign oak (see p. 482.) ; 
hence the name of the material became attached to the work itself 

Walkelyn, See Architects, list of 84. 

Wall. A body of materials for the enclosure of a building and the support of its various 
parts. See Book II. Chap. I. Sect. 10. 

Walls or the Ancients. Emplecton, hodomwnt^ Pse%tdo~i$o^ymum, See Masonry. 

Walls, cased. Those foced up anew round a building, in order to cover an inferior mate- 
rial, or old work gone to decay. 

Walnut. A forest tree useful for building purposes. See p. 484. 

Walsingham. See Architects, list of, 142. 

Ware. See Architects, list of, 289. 

Warren. See Architects, list of 250, 

Water-closet. See p. 583. . 

Water Shoot. See Square Shoot. 

Water Table. See Table, Water. 

Wayneflete. See Architects, list of 165. 

Weather-boarding. See Boarding for outside Work. 

Weather-tiling. The covering an upright wall with tiles. 

Wedge. (Dan. Wegge.) An instrument used for splitting wood or other substances; it is 
usually classed among the mechanical powers. See p. 392. 

Weight. (Sax. Wihc. ) In mechanics, a quantity determined by the balance; a mass by 
which other bodies are examined. It denotes anything to be raised, sustained, or moved 
by a machine as distinguished from the power, or that by which the machine is put in 
motion. 

Weight, in commerce, denotes a body of given dimensions, used as a standard of com- 
parison for all others. By an act of parliament passed in June 1824, all weights were to 
remain as they then were, that act only declaring that the imperial standard pound troy 
shall be the unit or only standard measure of weight from which all other weights shall 
be derived and computed; that this troy pound is equal to the weight of 22*815 cubic 
inches of distilled water weighed in air at the temperature of 6 2*^ of Fahrenheit's thermo- 
meter, the barometer being at 30 inches, and that there being 5760 grains in a troy^ 
pound, there will be 7000 such grains in a pound avoirdupois. 

Troy Weight, 

24 grains = 1 pennyweight. 

480 ...s=s20 =1 ounce. 



5760 . . . =240 =12 . . . 

. = 1 pound. 



Avoirdupois Weight. 



16 drams = 1 ounce. 



256 . 

. . = 16 . . a 1 pound. 



7168 . 

. . as 448 - . ^ 28 . , . s= 1 quarter. 


28672 . 

. . = 1792 . . = 112 . . . = 4 . 

. . . = I cwt. 


573440 . 

. . =35840 . . . =2240 . . . =80 . 

. . . =20 . . = 

1 ton. 

The avoirdupois pound : pound troy ::175 I 144, or 1 

: 1 1 19 nearly ; and 

anavoirdu- 

pois pound is 

equal to 1 lb. 2 oz. 11 dwts. 16 grains troy. 

A troy ounce =1 oz. 1*55 dr. 

avoirdupois. 



The following is a table of weights according to the new French system. 


Names. 

Freacb value. 

English value. 

MiUier, 

1000 kilogrammes = 1 French ton 

- = 19*7 cwts. 


Quintal, 

100 kilogrammes ... 

- = 1*97 cwt. 



1 J... r Weight of one cubic decimeter of water of _ f 2*6803 lbs. troy. 

Kilogramme, ^ the temperature of 39° 12' Fahrenheit. 2*5055 lbs. avoirdupois. 

__ f 3*2 ounces troy. 

Hectogramme, ^th of lalogramme - - - - - 3-52 ounces avoirdupois. 

Decagramme, kilogramme - - - - = 6*43 dwt^ troy. 

f 15*438 grains troy. 

Gramme, kilogramme - - - “ “ 1 pennyweight. 

0*032 ounce troy. 

Decigramme, ^ kilogramme - - - - = 1 *5438 grain troy. 
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The following table exhibits the proportion of wei^ts in the principal places of 
Europe to 100 lbs. English aroirdupois. 


100 lbs. English 

= 91 lbs. 8 <M. 

for the pound of Amsterdam, Paris (old), &c. 

— 

= 96 

8 

— 

Antwerp or Brabant. 

— 

= 88 

0 

— 

Rouen (the Viscounty weight). 

— 

= 106 

0 

— 

Lyons (the city weight). 


= 90 

9 


Rochelle. 

— 

= 107 

11 

— 

Toulouse and Upper Languedoc. 

— 

= 113 

0 

— 

Marseilles or Provence. 


= 81 

7 



Geneva. 

— 

= 93 

5 

— 

Hamburgh. 


= 89 

7 


Frankfort, &c. 

— 

= 96 

1 

— , 

Leipsic, &c. 


= 137 

4 

— 

Genoa. 

— 

= 132 

1 

— 

Leghorn. 


= 153 

11 



Milan. 

— 

= 152 

0 



Venice, 

— 

= 154 

10 


Naples. 

— 

= 97 

0 


Seville, Cadiz, &c. 

— 

= 104 

13 

— 

Portugal. 

— 

= 96 

5 


Liege. 


= 112 

oi 


Russia. 

— 

= 107 

0* 

— 

Sweden. 

— 

= 89 

04 

~ 

Denmark. 


The Paris pound (poids de marc of Charlemagne) contained 921 6 Paris grains ; it was 
divided into 16 ounces, each ounce into 8 gros, and each gros into 72 grains. It is equal 
to 7561 English troy grains. 

The English troy pound of 12 ounces contains 5760 troy grains = 7021 Paris grains. 
The English avoirdupois pound of 16 ounces contains 7000 English troy grains, and is 
equal to 8538 Paris grains. 


To reduce Paris grains to English. troy grains, divide by 
Or, to reduce English troy grains to Paris grains, multiply by 
To reduce Paris ounces to English troy, divide by 
To reduce English troy ounces to Paris, multiply by 


1-2189. 

1*015734. 


Wjuobts of a Sash are two weights by which the sash is suspended and kept in the 
situation to which it is raised by means of cords passing over pulleys. The vertical sides 
of the sash frames are generally made hollow in order to receive the weights, which, by 
this means are entirely concealed. Thus, to keep the sash in suspension, each weight 
must be half the weight of the sash. The cords should be of good quality, or they 
soon fret to pieces. 

Wblch Groins. A groin formed by the intersection of two cylindrical vaults, one 
whereof is of less height than the other. 

Weli^ a d^p circular pit, or sort of shaft, sunk by digging down through the different 
strata or beds of earthy or other materials of the soil, so as to form an excavation for the 
purpose of contrining the water of some spring or internal reservoir, by which it may 
be supplied. 

Weix-hole. In a flight of stairs, the space left in the middle beyond the ends of the steps. 

Weston. See Aechitects, list of, 137. 

Wheeu (Sax.) In mech^cs, an engine consisting of a circular body turning on an axis, 
for enabling a given power to move or overcome s given weight or resistance. This 
machine may 1^ referred to the lever. 

Wheel Window. In Gothic architecture, a circular window, with radiating mullions, 
resembling the disposition of the spokes of a wheel. 

Whktstone. a stone of fine quality by which tools for cutting wood are brought to a 
fine edge, after being ground upon a gritstone, or grinding>stone, to a rough edge. 

White Lead. A material forming the basis of most colours in house-painting. The 
common method of making it is by rolling up thin leaden plates spirally, so as to leave the 
^>ace of about an inch between each coil. 'Iliese are placed vertically in earthen pots, at 
fte bottom of which is some good vinegar. The pots are covered, and exposed for a 
length o£ time to a gentle fa^t in a sandbatb, or by bedding them in dung. The vapour 
of the vinegar, assist^ by the tendency of lead to combine with the oxygen which is 
present, corrodes the lea^ and converts the external portion into a white substance 
which comes off in flakes. These are washed and dried in stoves in lumps, and form the 
white lead the painters. 

Wicket; A small door mule in a gate. 
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William or Ssks. See Architzcts, list of, 100. 

William or Wtkehasi. See Architects, list of, 141 

WiND’BEAM. An obsolete name for a Collar-beam. 

Windlass or Windlace. A machine for raising weights, in which a rope or ch^ is 
wound about a cylindrical body moyed by levers ; abo a handle by which anytioing is 
turned. 

Window. An aperture in a wall for the transmission of light to an apartment. See 
Book III. Chap. I. Sect. 20. 

Wine Cellar. The apartment on the basement story, under ground, for stowing wine. 
The most important point in its construction is its being kept at a cool equal temper- 
ature. See Bin NS. 

Wire. A small flexible bar of metal, elongated by means of a machine called a draw- 
bench. 

With. (Sax.) The partition between two chimney flues. See Chimney. 

Wood. (Sax.) A fibrous material much used in building, and formed into shape by edge 
tools. The different sorts in use form the subject of Sect. 4. Chap. II. Book II. 

Wood Bricks. Blocks of wood cut to the form and size of bricks, inserted in the interior 
walls as holds for the joinery. 

Working Drawings. Book II. Chap. IV. Sect. 4. 

WoTToN, Sir Henry. See Architects, list of, 251. 

Wreathed Columns. Those which are twisted in the form of a screw, also very appro- 
priately called contorted columns. 

Wren. See Architects, list of, 264. 


X. 

Xenodochium. (Gr. Hcvor, a guest, and Aexofjuu, to receive.) A name given by the ancients 
to a building for the reception of strangers. 

Xystus. (Gr.) In ancient architecture, a spacious portico, wherein the athlets exercised 
themselves during winter. The Romans called, on the contrary, their hypa^ral walks 
xysti, which walks were by the Greeks called irepihpofaSes, 

Y. 

Yard. A well known measure of three feet. 

Z. 

Zax. An instrument used for cutting slates. . 

Zigzag Moulding. An ornament used in Gothic architecture. See p.174. 

Zinc. A metal now mucti used in building. See Book II. Chap. II. Sect. 7. 

Zocco and Zoccolo. (It.) The same as Socle, which lee. 

ZorHORUs. The same as Frieze, which see. 

Zotheca. a small room or alcove, which might be added to, or separated from, the room 
to which it adjoined. 
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Aumb&tk. a recess for holding the sacred vessels, Ac., used in the mass. 

Bartisan. a turret on the summit of a tower, castle, or house, whereon was generally 
hoisted the standard or flag proper to the place. 

Bkacox turret. The turret of an angle of a tower, sometimes in border counties used 
for containing the apparatus for kindling at the shortest possible notice the need~Jire, 

Bed-mouldings. The mouldings under the corona in a cornice. 

Benatura. The holy water vessel placed at the entrance of churches, generally on the 
right hand of the outer or inner porch door, or both. 

Cassinoid. An elliptic curve wherein the product of any two lines, drawn from the foci 
to a point in the curve, shall be equal to the rectangle under the semi-transverse and 
semi-conjugate diameters. 

Cbbvet. (Fr.) A term used by the French architects and antiquaries to denote the 
surrounding aisles of the choir of a cathedral, from their resemblance on the plan to the 
form of a bolster. 

CuRisMATORT. A Teccss resembling a piscina, near the spot where the font originally 
stood, to contain the chrism, or holy oil, with which, after baptism, infants were anointed 

CoLUMXK. The ridge piece of a roof. See^^s. 91 and 92. 

Credence. The slab whereon, in the sacrifice of the mass, the elements are deposited 
previous to the oblation. Sometimes a plain recess, sometimes a slab on a bracket, but 
in all cases on the south side of the altar. The word is derived from Credenza (It.), a 
butlery or pantry. 

Dossel. See Rxbedos. 

£aster or Holt Sepulchre. A recess for the reception of the holy elemi^ts consecrated 
on the Coena Domini or Maunday Thursday, till high mass on Easter-day. It is 
generally shallow, under an arch of obtuse or broad ogee form, rising about S feet from 
the ground, and should be on the north side of the church. 

Eoptla. a church with an apsis at the eastern end. 

Eothola. a church with an apsis at the western end. 

Faldstool. A moveable reading desk provided with a kneeling shdf at the foot thereof. 

Flamboyant. (F. Flaming or Flamelike.) A term applied in France to a style in Gothic 
architecture, in which the mulllons and tracery terminate in waved lines oi contrary 
flexure in flamelike forms. Examples of it occur about the beginning of the fifteenth 
century^ and continue down to the middle of the sixteenth, being coincident nearly with 
the latter part of the period of our ornamented English, and the whole period of the 
florid English or Tudor style. 

Gargouille. See Gurgotle. 

Gurgotles. The carved representations of men, monsters, &c., on the exterior of a 
church, and especially at the angles of the tower, serving as watei^pouts, being connected 
with the guttere for the discharge of the water from the roof. 

Hagioscope. (Gr. Aytor, holy, and <r«toiror, mark.) An aperture made in the interior 
walls or partitions of a church, generally on the sid^ of the chancel arch, to enable 
persons in the aisles to see the elevation of the host. They are technically called squintst 
and sometimes devaUoH apertures. 

JuBs. Ihe stand (often ending upwards in an ^gle with expanded wings) in the choir 
a church on which the Gospel is placed to be read, receiving its name from the words 
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** Jube Domine benedicere,” used bjr the deacon when the missal is presented to him 
by the officiating priest at mass, previous to the reading of the Got^el. 

I2EVELLIF6. In the practice of levelling, it is evident that the level B ° 

line carried on by means of a spirit level or other instrument used y' 

for the purpose, is a tangent to the earth : it is therefore necessary to /C 

make an allowance for the difference between the true level B C and / 

the apparent level B D. This difference i% of course equal to the y 

excess D C of the secant of the arch of distance above the radius of the y 
earth. Hence, from station to station, accordingly, allowance must be y 
made. The subjoined table exhibits the corrections or values of C D. r 


Distance 
or BC. 

Diff of Lev. 
or CD. 

Distance 
or BC. 

Diff of Lev. 
or CD. 

Yards. 

Inches. 

Milex 

Feet. 

In. 

ICO 


J. 

0 

oi 


0*123 

4 

0 

2 


0*231 

1 

0 



0*411 

1 

0 

8 


0*643 

2 

z 

8 


0-925 

3 

6 

0 


1-260 

4 

10 

7 


1-645 

5 

16 

7 


2*081 

6 

23 

11 


2 570 

7 

32 

6 


3-1 10 

8 

42 

6 


3-701 

9 

53 

9 


4-344 

10 

66 

4 


5-038 

11 

80 

3 


5-784 

12 

95 

7 


6-580 

13 

112 

2 


7-425 

14 

ISO 

1 


Loggla. (It.) In its strict meaning a lodge; but usually signifying an open gallery. 

LoiTVRE. A turret or lantern over a hall or other apartment with openings for the es> 
cape of smoke or steam. The word is also used to denote the internally open polygonal 
tower over the intersection of the nave with the transepts of a church, as at Ely 
Cathedra], &;c. 

Ltcr-gate or Corpse Gate (from the Anglo-Saxon Letch, a dead body). A gate at the 
entrance of a church-yard, where the coffin was set down for a few minutes before buriaL 
It is generally wood, and thatched. Lych-gates are not of frequent occurrence in 
England. Wales has many. 

Miserere. A small moveable seat attached on an horizontal axis to a stall in a church or 
cathedral. It was so contrived that ifj during the performance of religious ceremonies, 
the occupier of it slept, be would fall on (perchance) the floor. Hence the name. 

Orientatiok. (Lat. Oriens.) The deviation of a church from due east, it being supposed 
that the chancel points to that part of the east in which the sun rises on the day of the 
patron saint. This is, however, doubtful. 

Pabclose. The screen which separates chapels (especially at the east end of the aisles) 
from the body of the church. They are usually of wood, but are also sometimes of stone. 

Parvis Turret. The small tower which encloses the staircase to the parvis. 

Pew. ( Fr. Piou. ) An enclosed seat in a church. Pews were not used until long after 
the Reformation. 

PopFT Heads, or Poffies. The terminadons of the ends of open seats, often carved as 
heads, foliage, &c. 

Prothesis, Table of. See Crsbekcb. 

Ratokhant. (Fr. Radiadng.) A term applied in France to a style in Gothic archi- 
tecture, wherein the mullions and tracery terminate in forms found^ on the divergence 
of rays from certain centres. It prevsuled from the latter end of the thirteenth until 
near the end of the fourteenth century. 
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Rkspokiku Half-piers at the east or west end of the nare, transepts, or choir. They are 
sometimes in the forms of brackets. 

Sakcte-bell Cot. A small erection at the ea.^ end of the nave for the reception of the bell 
that giv^ notice of the Sanctus being commenced, and also to warn the people of the ap- 
proaching elevation of the Host. 

Screeds. See 2242. 

Sediua. ( Lat. ) Seats provided for the clergy in the saerifice of the mass, during that 
part of the office in which the ** Gloria ” and “ Credo ” are sung. Their proper place 
is only on the south side of the altar. 

Sepulchre. See Easter or Holy Sepulchre. 

Sesquialteral. In the proportion of one and a half. 

Spawled. A term in masonry. 

Spire. A spire which is octagonal, the sides focing the carding points being continued to 
the eaves which project over the tower, and the diagonal faces being intercepted at the 
bottom by semipyramidical projections whose edges are carried from the angles of the 
tower upwards, terminating in points on the corresponding oblique faces of the spire, is 
called a broach spire. (Fr. Broche, a spit.) 

Squint. See Hagioscope. 

Stool. In brick-making the name given to the bench whereon the brick-moulder moulds 
the bricks. 

Symbols. Attributes or signs accompanying a statue or picture of a 6gure, in allusion to 
some passage in the life of the person represented, and hence often used as a figurative 
representation of the person himself See p. 845. 

Tit. (Verb.) To discharge a barrow or waggon load of any thing by turning it over. 

Trapezoid. A quadrilateral figure having one pair of opposite sides paralleL 

Tribune. See Apsis. 

Washer. A fiat piece of iron, or other metal, pierced with a hole for the passage of a 
screw, between whose nut and the timber it is placed to prevent compression on a small 
surfoce of the timber. Also the perforated metal plate of a sink or drain, which can be 
removed for letting off the waste water, and thus more easily cleansing it. 
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to the page. 


A. 

Abattoirs, 293^, et $eq. Ought to be esta* 
blished in. lar^ towxis, 2932. Erected 
firet at Paris, 2933, 2934. Those of 
Menilmontant and Montmartre, 2934. 
That of Menilmontant d^ribed, 2935, 
2936. 

AbbrenatioD, method of, in architectural 
composition, 2857. 

Aberdeen, Lord, bis opinion on the pointed 
arch, 300. 

Aberystwith Castle, 402. 

Abnry, circles of stones, 16, 17. 40. 

Adam, architect, temp. George III., 518. 

Adam, Robert, an architect, temp. George 
III., 517. His work, *6. 

Adams, Bernard, an architect, temp. Eliza* 
beth, 442. 

Adams, Robert, an architect, temp. Eliza* 
beth, 440. 

Adelphi, in the Strand, by Adam, 517. 

Adi, temple of, at Ellora, 26. 

Admiralty, designed by Ripley, 507. 

Admiral^, in London, 2886. In Paris, 
2887. 

Adrian I., Pope, arts under, 281. 

Adze, a carpenter’s tool, 2003. 

JSsthetics, in architecture, 2493. 

Ayopat, or Fora, of the Greeks, 173. 

Agricola, architecture under, -in Britain, 
381. 

Agrigentum, temples of Peace and Concord, 
148. 

Air drains, what, and use of, 1886. 

Air Tessel in pumps, 2223. 

Aiz-la*Chapelle, cathedral and palace of, 
283. 

Alae of a Roman house, 249. 253. 

Alatntuo, Cyclopean remains at, 32. 

Alberti, Leo Bat., 324. Account of his 
book,Z)e JRe .^Sdi^catoriayS25. His works, 
tb. 

Alcala, chur^ and collie of the Jesuits at, 
371. 

Alcala, coll^ and church of, 367. Palace 
of, 368. 

Alcantara in Spain, bridge at, 193. 

Alcazars of Segovia and Seville, 128. 

Alcinous, house of, Ulustrarive of Greek 
M^iitasture, 138. Described, generally, 
ib. 

Aldrich, dean of Christriiurcb, his works 
and skill as an architect, 490. 


Alfred, king, his care of buUdings bis 
time, 386. 

Alhambra, ornamental detail of, 125. When 
founded, 127. Description o^ 127. 

All Saints’, York, parochial church of^ 421. 

All Souls’ College, Oxford, some part by 
Hawksmoor, 499. 

Amberley Castle, built by Rede, bishop of 
Chichester, 413. 

Araboise, palace at. Appendix, pp. 849, 850. 

Ambresbury House, Wilts, by Webb, on 
Jones’s designs, 465. 

Amiens, cathedral at, 310. 314, 315. Com* 
parison of, with Salisbury Cathedral, 315. 

Ammanati, BartoL, his works, 331. His 
work La Cittdf ib. 

Amphitheatre at Capua, 193. 

Amphitheatres described. Those of Alba, 
at Otricoli, on the banks of tbe Gari- 
glUno, PuzzuoH, Capua, Verona, Pola, 
Arles, Saintes, Autun, Nismes, and Nice, 
228. Coliseum described, with plan, sec* 
rion, and elevation, 1 92. 228, 229. first 
used by tbe Etruscans, 232. That at 
Nismes, dimensions of, 233. 

Ampthill, Beds., 423. 426. 

Ampthill, drawings relating to, 440. 

Amsterdam, town hall at, 2897. Exchwge 
at, 2939. 

Anastasius II., architecture under, 271. 

Angle of vision, in perspective how to se* 
lect, 2444, et seq. 

Angle ribs for square domes, 2064. 

Angle tie, what, 2009. 

Anglo-Sacon architecture 383, et $eq. 
Characteristics of, 390. Buildings enu* 
merated, 389. Columns, 390. Arcbee 
ib. Capitals, i6. Window^ *&. Walls, *6, 
Ceilings and roo&, ib. Ornaments, ib. 
and 397. Flans, ib. Towers, ib, l^le 
three mras o^ 391. 

Annex, of Friburg, an early German archi- 
tect, 365. 

Annuities. See Compound Interest 

Annuities on livee tables relating to. Ap- 
pendix, p. 879, et $eq. 

Annulet 2532. 

Annunziate choir of church o^ at Florence, 
325. 

Anson, Lord, house for, in St. James’s 
Square by Stuait, 516. 

Antae, 2671. 

Antefixa^ in a Roman house 247. 

Antoine architect of the Mint at Paris, 96(k 

ST ' 
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AntiHiiiie colanm, 3603. 

Antoniniu and Faustbia, Corinthian tempte 
at BooMk SIl. 

Antirerp, tovn ball at, 2897. 

Apodytnium of the Roman baths 235. 
Apdlo Didjmaeus, Ionic temple o^ near 
MUetns 153. 

Apollo Epieurius, temple o^ in Arcadia, 

• ISO. 

Apotheca of a Roman house, 25.3. 
Apron-piece in stairs, 2036. 

Apsis, different forms o( Appendix, pp. 
823, 824. 

Aqueducts, earliest, of Rome, 223. That 
of Appius Claudius and Aqua Appia, ib. 
That of Quintus Hartius, Aqua Julia, 
Aqua Tepula, Vir^ia, Aqua Claudia, ib. 
Cubic feet of water supplied to Rome, ib. 
That at Metz, ib. Ca^lla in, 225, Ven- 
ter in, ib. Injured, 238. Of the Greeks 
174. 

Arabian architecture, its appearance after 
the seventh century, 118. Decline of, 
128. Domestic architecture exemplified 
in a house at Algiers, 130. 

Araeostyle Intercolumniation, 2605. 2608, 
2609. 3613. 

Araqjnez, royal pleasure house of, at, 371. 
Arc, complement o^ 1037. Supplement of, 
1038. Sine of, 1039. Vers^ sine of, 
1040. Tangent o(, 1041, Cosine of, 
1042. Cotangent 1043, Cosecant of, 
1044. 

Axe doublean. Appendix, p. 835. 

Arcades and arches, 2617, et $eq. 

Arcades. Theory of equality between 
weights and supports, 2618, 2619. 2626. 
Tuscan, 2621, 2622. Doric, i6. 2623. 
Ionic, ib. 3624. Corinthian, t&. 2625. 
Generally in respect of the theory, 2622. 
Cbambem’ law for regulating, 2626. 
Ratios between the solid and void parts, 
2627. Tuscan, with pedestals, 2628. 
Doric, with pedestals, 2629, Ionic,' with 
pedestris, 2630. Corinthian, vrith pedes- 
tals, 2631. Imposts and archivolts o^ 
2632. Vignola’s rules in, 2633. Pal- 
Mioh roles in, 2634. Columns used in, 
2635. Scaroozri’s rules in, ib. Their in- 
terna) decorations, ib. At Massimi pa- 
lace Si. Inte Mews at Charing Cross, 
Ow By Serlio, 2636. At Caprard^ 2637. 
At the Belvidere garden, Rome, 2638. 
By Palladio, 2639. By Vignola, for 
Boighese family, at Mondragone, 2640. 
At Barilica, Vicenza, 2641. 

Arcades above Arcades, 2653, «f aq. Best 
mode of diqiosmg, according to Cham- 
bers, 2654, et teg. According to Scamozri, 

2655. In the Caritd at Venice, ib. and 

2656. In Palazzo Thiene, ib. Balus- 
trades o^ 2657. Doric riwve Tuscan, 
2658, 2659. Itmic above Doric, 2660, 
2661. Corinthian above Ion«^ 2662. 
Of the Basilica at Vicenza, 2663. Con- 
foaed by the ancients to theatres and am- 
jdiiriieatres, 2664. 


Areadius, architecture under, 271. 

Arch, elliptical, to draw and find the jmnts, 
1934 — 1937, Flat, in masonry, to draw 
the joints, without the centre, 1932. 
Flat, to draw and find the joints, 1 932. 

Arch, introduction o^ effected great change 
in the art, 266. 

Arch, no trace of, in the nuns <ff Babylon, 
45. In Egypt, at Saccara, 75. 

Arch of Claudius Dnisus, niches at, 2776. 

Arch of Constantine, 262. 2547. 

Arch of the Goldsmiths at Rome, 195. 

Arch of Janus, niches at, 2775. 

Arch of Severus at Rome, 264.- 

Arch of Titus, 2547. Of Septimus Severus, 
ib. 

Arch of Titus at Rome, 264. 

Arch rampant, pointed, to draw and find 
the joints, 1943. 

Arch unknown in Grecian architecture. 
134. 

Archer, pupil of Vanbrugh, 498. 

Arches, Arabian, species most employed, 
129. At Bussorab, 131. 

Arches, equilibrium o( history, 1353— 
1 363. Observations on friction, and me- 
thods of estimating, 1364 — 1389. Ob- 
servations on the way in which arch stones 
support each other, 1390 — 1397. Geo- 
metrical application of foregoing, 1396 

1 399. Experiments on surmount^ arches, 

1400. Application of the principles to 
the points arch, 1401. The same to a 
surmounted catenarean arch, 1402 — 1406. 
Application of the principles to surbased 
arches, 1407. Thrusts of arches : cas- 
sinoid, cycloid, and ellipsis, 1408 — 1412. 
Raking arches, 1413 — 1416. Arch with 
a level extrados, 1417 — 1421. Difierent 
application of principles in the last case, 
1422. 1431. Arches whose voussoira 
increase towards the springing, 1432— 
1441. Mode in which an arch foils, 1442. 
Compound vaulting, 1443. Groined 
vaulting, 1444—1458. AppUeatum-'^ of 
principles of groined vaulring, 1458— 
1463. Model of a coved vault, principles 
applied to, 1464 — 1477, ^dierical vault- 
ing, principles applied to, 1478—1493. 
Adberive power of mortar and plaster 
upon stones and bricks, 1494 — 1499. 

Arches, inverted, in foundations, 1885. 

Arches, to make working drawings for, and 

describe moulds of voussoirs, 1959 1966. 

Elliptical, cutting through a wall ob- 
liquely to bevels and moulds of, 1967 — 
1970. In sloping walls, to make working 
drawings for, 1971, 1972. An abridged 
method of doing the last, 1976 1974. 
Oblique, whereof the front sltqies and 
rear are perpendicular to the axis, 1976 
— 1979. Semicircular-headed, in a mass 
of masonry battering on an oblique 
plan^ 1980 — 1983. On the quoin of 
a sloping wall to find the moulds, 1984 
— 1987. In round towers or circular 
walls, 1 988 — 1 990. Oblique in a round 
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doping interseetlBg a semtchreolar 
ardi within It, 1991 — 1994. 

Architects of France, attached to Venetian 
in prefi^ence to Roman school, 558. 

Architectural design, maxims ib, 250^ 
Bounding Hnes of buildings not sources 
of beauty, considered geometrically, 2505. 

Architecture, as a fine art, depwideut on 
expre^ion, 2492. Its end, ib, Genius 
in, wha^ t6. Taste in, what, >6. Esthe- 
tics in,. 2493. Considered in respect of 
rules of art, 2494. . Fitness is the basis 
of proportion, 2496 — 2499. Fitness de- 
pendent on equilibrium, 2500. Stability, 
source of fitness in, ib. Maxims relating 
to fitness, 2502. Bounding lines of 
buildings, 2503. Interiors of buildings, 
beauty of, 2504. Types in, 2507. Styles 
in, all dependent on fitness, 2508. Unity 
and harmony in, 2509. Symmetry in, ib. 
Colour in, 2511. Polychromatic, 2512. 
Decoration of, 2513 — 2522. 

Amhitecture in llth century not a liberal 
art, Appendix, p. 821. 

Architecture in 12th century, Appendix, p. 
819. 

Andiitecture, secular, of France, Appendix, 
p. 847. 

Architecture of England from James I. to 
Anne, 451, aeq. Its character, 451. 
Deficient in picturesque beauty, 451. 

Architecture of England said by Walpole 
to bare resumed her rights under George 
II., 506. 

Architecture of England under George 1., 
499, seq. Under George II., 506, et aeq. 
Under George IIL, 514, et seq. 

Ardiitecture ^ the Greeks in its decline, 
177. 

Architecture of Mexico, 109, et seq. 

Architecture not a fine art until founded chi 
rules of proportion, 1. 

Arcbitecture not confined to a single type, 1* 

Architecture, pointed. See ** Point^ Ar- 
ehiteeture,** and ** Gothic Architecture.** 

Architraye, to form, in joinery, 2196. 

Arehivolts of arcades, 2632. 

Area given, method of enclosing in any 
regular polygon, 1518 — 1524. 

Arana of an amphitheatre, 228. 230, 231. 

Arena of die Roman Circus, 240. 

Argeirtiiio theatre at Rome, 2958. 

Argoa, gate and chief tower o^ Cyclopean, 
29. 

Arithmetic and Algebra, introduction, 522, 
523. Signs + and — , 524 — 526. Mul- 
tiplication of simple quantities, 527 

531. Whole numbers in respect to their 
factors, 532, 533. Division of simple 
quantities, 534.— 539. The properties of 
integers as respect their divisors, 540 — 
548. Fractions, 549 — 554. I^operties 
of lotions, 555 — 557, Addhum and 
subtraction of fractions, 558 — ^5^. Mul- 
tiplication and division of fractions, 561 
—574. Square numbers, 575—582. 
Square rooto and the irrational numbers 


that result from them, 583— -592. Im- 
possible or imaginary quantiti^ 593— 
600. Cube roots, and the irrational 
numbers that result from them, 601— 
605, Of powers in general, — 610. 

Calculation of powers, 611 — 616. Roots 
relatively to powers in general, 617 — 
620. The representa^n of powers by 
fractional exponents, 620—625. Me- 
thods of calculation, and their mutual 
connection, 626 — 631. Logarithms, 632 
— 638. Logarithmic tables now ised, 

639, 640. Method of expressing loga- 
rithms, 641 — 654. The subtraction of 
compound quantiti^, 655—658. The 
multiplication of compound quantities, 
659— 661. The division of compound 
quantities, 662 — 666. The relation of 
Actions into infinite series, 667— 679. 
The squares of compound quantities, 
680 — 687. Extraction of roots of com- 
pound quantities, 688 — 692. Calcula- 
tion of irrational quantities, 693 — 698. 
Of cubes, and the extraction of their 
roots, 699 — 701. The higher powers 

of compound quantities, 702 — ^706. On 
the transposition of letters whereon the 
last rule rests, 707 — 7 1 1 . The expres- 
sion of irrational powers by infinite 
series, 712—718. Re84dution of negative 
powers, 719 — 726. Arithmetical ration 

727 — 731. Arithmetical proportion, 782 
—734. Arithmetical progression, 735 
—742. Summation of arithmetical pro- 
gressions, 743 — 748. Geometrical ratio, 
749—751, Greatest common divisor, 
752, 753. Geometrical prt^ortion, 754 
—762. Compound relations, 763—773. 
Geometrical progression, 774—782. In- 
finite decimal fractions, 783 — 796* Cal- 
culation of interest, 797— 8l(X Solu- 

tion of problems, 811-^815. Resolution 
of simple equations, or of the fir^ de- 
gree, 816 — 824. Resolution of two or 
more equations of the first degree, 825 
— 832. Resolution of pure quadratic 

equations, 833 — 841. Resolution 

mixed equations of the second degree, 
842 — 848. Resolution of complete eqim- 
tions of the third degree, 849 — 860. 
Decimals, 861 — 867. Duodecimals, 868 
—872. Table of squares, cubes, and 
roots of numbers up to lOOOi. 

Arithmetical progression, 735—742. Sum- 
mation of, 743—748. 

Arithmeticsi proportion, 732—734. 

Arithmetical ratio, 727 — 731. 

Armarium of a Roman house, 253. 

Arriaga, Luigi, a Spanish architect, 368. 

Arris of a piece of stof^ 2125. 

Arroyo Ghxs^pe^ an architect of Spain, 368. 

Arts in England have never tborongbly 
taken root, 437. Flourished whRe in the 
bands of the clergy, t5. 

Arundel Castle, 394. 398. 

A^l, Six Cbaries, villa fijr, at Richmond, 
by Taylor, 515. 

3 Y2 
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Atfalar stone walls, 1918. Facing, 1919 — 
1924. 

Asiodli town, at Bologna, 2500. 

Asphalted. 1876—1880. 

A^s, cborch of S. Francesco at, 318. 

Assumption, church of. at Moscow, de- 
scribe 375. 

Astragal, Bead, or Baguette^ 2532. 

Athenians, their early superiority in the 
arts, 136. 

Athens, early buildings at, of earth and 
clay, 1 36. 

Atkinson’s cement, 1863, 1864. 

Atlantes, 2682. 

Atreus, treasury of, at Mycene, description 
0 ^ 35 . 

Atrium of a Roman bouse, 246. Different 
specieso(Ae.,247. In ahouse at Pompeii, 
253. 

Atrium, why so caHed in Roman houses, 
181. 

Attelborough, parochial church of, 408. 
421. 

Attics and basements, 2665, et seq. Exam- 
ples of, 2668. 

Attributes, in decoration, 2519, 2520. 

Audley End, designs by Diorpe, 440. 

Audley Inn, in Essex, 442. 445. 451, 452. 

Augustins, royal convent o( at Madrid, 371. 

Augustus, portico o^ at Athens, 151. 

Avington, church of, 389. 

Axe, a carpenter’s tool, 2003. 

Ayot, St. Ijawrence, church at, by Stuart, 
516. 

Axtec andiitecture, 110. 116. 

B. 

Baalbec, extraordinary structures at, 196. 
First described by Maundrel, i5. 

Baalbec, niches at, 2775. 

Babylon, ruins of, described, according to 
Rich, 38 — 41 . Citadel o^ 42. Tunnel 
under the Euphrates, 43. Dimension, 
rather than art, its character, 44. 

Bacchus, Ionic temple of, at Teos, 153. 

Back fla^ of shutters, 2147. 

Beck linhigs sash-firame, 2147. 

Back of a slate, 2211. 

Badqos, Giovanm di, a Fortugnese archi- 
tect, 367. 

Bagdad, foundations o( laid by Ahnansor, 
119. 

Bagdad, its waUs, ISI. 

Bagnall, Sir John, bouse for, designed by 
Thorpe, 440. 

Baguette, 2532. 

Balleso, Giovanni, a Spanish architect, 367. 

Ballium of a castle^ what, 394. 

Balusters, 2695, etscg. Not used by an- 
cients, 2696. Tb^ measures, 2697. 
For Tuscan order and table of propor- 
tions, 2699. 2702. For Doric and Ionic 
or&rs, 2700. For Corinthian and Com- 
porite mrdeis, 2701. Double-bellied, 

2703. Doidde-beilM finr D(^ order, 

2704. Doulde-brilted for Ionic order. 


2705. DouUe-bdlied for .Ccwintbian 
order, 2706. Intervals between, 2708. 
Bulbs or beUies o^ 2711. See also 
“ Balustrades.” 

QalustraHes and Balusters, 2695, et seq. 
Rules for setting out, 2697. Height 
of, 2698, At Chierieato palace^ 2698. 
At Porti palace, ib. At Valmarana pa- 
lace, ib. Scroll and Guiloche, 2707. 
Intervals in, 2708. Pedestals of, 2708, 
2709. AppUed to staircases, 2710. Sta- 
tues used on, 2712. Vases used on, 2713. 
See also “ Balusters.” 

Balustrades of arcade, 2657. 

Bamborough Castle, 394. 398. 

Bank of England, parts of, well planned, 
2885. 

Banker, bricklayer’s, 1890. 

Banqueting House, window at, 2762. 

Baptistery at Florence, doors of| 2735. 

Barbacan of a castle, what, 394. 

Bartreston, church of, 389. 391. 

Bar iron, weight of a foot in length, 2254, 

Barracks, 2982. 

Bars with latchets, 2263. 

Bartholomew’s Hospital, by Gibbs, 503. 

Basements and attics, 2665, et seq. Ge- 
nerally decorated with rustics, 2666. 
Courses of, how disposed, 2667. Bock- 
work in, 2670. 

Bases of coltunns, origin of, 135. 

Bases of columns, mode of gluing up, 2202. 

Basilica of Antoninus, 2547. 

Basilicte, ancient, of Rome, 273 — 275. 
Plan and interior view of S. Paolo foori 
la Mur^ ib. 

Basing House, date and founder, 449. 

Bastard stucco, 2236 — 2243. 

Bastile at Paris, 311. 

Bat, deffned, 1896. 

Batalha. church of, 321. Described, S. 

Bath Abbey church. Appendix, p. 835. 

Bath, city, many buildings there by Wood, 
513. 

Bath, conventual church of,' founders and 
dimensions, 434. 

Baths, number oC at Rome ; those of Ca- 
racsdla describ^l, 234, 2^|5. Of ’Titus, 
Diocletian, Agrippa, Nero, and Domi- 
tian, ib. Highly decorated with painting 
and sculpture, 237. Ihose of Agrippa, 
ib. None erected after the removsd of 
the empire, 238. Of Titus, paintings in, 
239. Of Caracalla, described, and plan 
of, 241. Alluded to, 282. Of Ihocle- 
tian, 264. 2547. Of Nero, dimensions 
o^ 240. 

Battening of walls, how measured, 2338. 

Battista, Giovanni, an architect of Toledo, 
370. 

Bay window, what, 427. 

Be^ or Baguette, 2532. 

Bead and Butt, wba^ 2131. 

Bead and double quirk, 2127. 

Bead and flush, what, 2131. 

Beaulieu, palace at, 426. 

Beaumaris Castle, 402. 
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Beaupre Castle, Gloucestershire, 45S. 

Beautj in architecture^ partly from suitable 
forms, 2495. Sources of, 2492, et seq. 

Beauvais Cathedral, north porch. Appendix, 
p. 830. 

B^ in Normandy, abbey at, 310. 

Bed oi a slate, 221 1.- 

Bedding stcme, 1890. 

Bedford Castle, 394. 

Beeston Castle, Cheshire, 391. 398. 

Bellhanger*s work, in specifications, 2292. 

Bell metal, 1791. 

Bells, intr^i^ed, 390. 

Belus, tower of, described, 38, 41. 

Belvedere Garden, arcade at, 2638. 

Belvedere House, Kent, for Lord Eardley, 
by Stuart, 516. 

Bench, joiner’s, and parts of, 2102. 

Bench planes, 2102. 

Beni-hassan, tomb at, exhibits Doric co- 
lumn, 133. 

Berkeley Castle, 394. 398. 414. 

Berlin, Brandenburg, gate at, 366. 

Bernardo Buontalenti, windows by, 27.59. 

Bernini, 347. His style considered, 348. 
Made designs for the l^ouvre, ih. Left 
design for fo^ades of Louvre, and his 
disgust with workmen at Paris, 359. 

Bermguette, a Spanish architect of tbe 
sixteenth century, 368. 

Bethel and Botbel mentioned, 13, That 
set up by Jacob, fo. Object of idolatrous 
worship where the Canaanites appeared, <6. 

Bevel, bricklayers, 1890. 

Beverley Minster, conventual church of, 
407. 421, West front restored to per- 
pendicularity, 449. 

Biban el Melook, subterranean chambers 
of, 63. 

Bibbieoa, bis theatres, 2950. 

Bibliotheca of a Roman house, 252. 

Bibliotb^ue du Roi, Paris, 2911. 

Billet ornament, 397. 

Binding joists, 2019 — 2022. 

Birs Nemroud, near Babylon, as described 
by Rich, 40. The ruins spoken of by 
Pere Ec^nuel, 40, 41- 

Biscop, Benedict, founder of the abbey of 
Weremmitb, 385, 386. 

BlackfnaPs Bridge, by Mylne, 521. 

Blenhrim House, account of, with plan and 
devation, 493. 

Blonde! employed in Germany, 366. 

Boarding of itiofr, how measured, 2342. 

Boarding, value of labour o^ 2368. 

Boards, cutting for covering domes, 
groins, &c., ^)68 — 2078. 

B<»ster, mason's, 1910. 

Boffiand employed In Germany, 366 

Boisserie, 418. 428. 

Bolecrion mouldings, 2129. 2145. 

Boltina, theatre at, 2950. 

Bolsover House, Derby, 452. 

Bdsover. additional buildings by Marsh, 
466 

Bolton, conventual church at, ^8. 

Bolts, different sorts, 2259. 


Bolts, in carpentry, 2012. 

Bond, &C., value of labour of, 2350. 

Bond in toieklayin^ 1891. English bond, 
1892. 1894. 1896. Flemish bond, 1897. 
Comparison of English with Flemish 
bond, 1898. 

Bond of a. slate, 22 U. 

Bond stones, 1921. 

Bond timber, how used in walls, 1899. 

Boorde, Andrew, his ** Dietorie ** quoted, 
and directions for building a mansion. 

427. 

Borde, Andrew, 438, 

Borromini, 336. SS9. 342. His style con- 
sidered, 347. 

Bosse, tilers, 1908. 

Boston, Lincolnshire, parochial church of, 
408. 421. 

Bott, a German architect, 365. 

Bottom panels of a door, 2130. 

Bottom rails of a door, 2130. 

Bouman, a German architect, 366. 

Bourdeaux, Gate du Qaillau, Appendix, p» 
849. Theatre, 2951. 2958. 

Bourgtheroude, Hotel de, Appendix, pp. 
851, 852. 

Bow Church, Cheapside, description of, 484. 

Bower, my Lady's, or parlour, its situation, 
415. 

Boxings for shutters, 2146, 2147. 

Boyd, Sir John, house for, at Shooter’s 
Hill, by Taylor, 515. 

Bracciano Palace, window at, 2768* 

Braces in carpentry, 2010. 

Bracket staircase described, and mode of 
forming, 2183. 

Bracketing, value of labour of, 2350. 

Brackets and bracketing for comics to 
make similar to one given, 2080. * Angle 
to support plastering, 2081,2082. For 
coves, 2083. Angle brackets for coves, 
2084, 2085, 2086. In external and in- 
ternal angles, 2087. For moulded cor- 
nices, 2088. 

Brackets, shelf, 2263. 

Brad-awl, 2110. 

Bradding hammer, glazier’s, 2226. 

Bradshaw, Lawrence, an anchitect, ten^. 
Elizabeth, 442, 

Bramante, some account of, and hb works, 

335. 371. 

BramsbUl House, Hants, 452. * 

Brass, 1790. Specific gravity of, >5. Wright 
of, ib. * 

Brass points, glazier’s, 2226. 

Brick axe, 1890. 

Brick came much into use in England, 41 6. 

Brick clamps, 1816. 

Bricklayer, how many bricks be can lay in 
a gi^en time^ 1901. 

Bricklayer’s tools, 1890. 

Bricklayer’s work in specifications, 2282. 

Bricklayii^ and tiling, 1 889 — 1 908. Brick- 
laying defined, 1889. See ** Bond.” 

Bricknogged partitions, 2021. 

Bricknogging defined, 1902. How mea- 
sured, 2313. 
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Brick i>anii{^ SSOQ. 

]^eks, I8II — 1883. Deseription of, and 
an^qiiity, 181 1. I^peeies used, accord- 
ing to '^bfuriin, by the ancients, 1812. 
Improper bricks used by tbe moderns, 
1813. Manufacture of bricks, 1815. 
C3amps, what, 1816. Kilns for burn- 
ing, 1817. Species of bricks, 1820 — 
1830. Marl stocks, 1821. Stodcs, 1822. 
Race bricks, 1823. Burrs and clinkers, 
1824. Fire-bricks, 1826. Windsor 
bricks, ib. Welsh lumps, ib.. Faring, 
1827. Compass, 1828. Concave or 
hollow, 1829. Dutch clinkers and 
Flemish bricks, 1830. Size o( regulated 
by statute, 1831. Should be well satu- 
rated before laying in summer, 1832. 
Weight of, 1833. 

Bricks employed in Egyptian architecture, 
72. 

Bricks necessary for a given quantity of 
work, table of, 2317. 

Brickwork, crushing weight of a cubic 
foot, 1833. 

Brickwork, table o^ showing number of 
reduced &et in quantities of different 
tbicknesses, 2318. 

Bridewell and Blacklriars’ Palace, 426. 

Bridge at Croyland, Lincolnshire, 419. 

Bridge deUa &ntissima Trinita, 331. 

Bridges, 221, 222. Earliest in Rome, 222. 
That at Nami, ib. That of Trajan over 
tbe Danube, ib. That over tbe Tagus at 
Alcantara, ib. 

Bridges, arehitecture oC 419. 

Bridges, 2865, et seq. Decorations of, 
2865. Should be at right angles to the 
stream, 2866. Best forms of arches, 
2867. At Pavia over tbe Tesino, 2868. 
Position of, 2869. Piers and centres of, 
ib. Coffer dams, ib. Caissons for piers, ib. 

Bridges^ building o^ conridered an act of 
piety, 310. 

Bridges of China, 108. 

Bridges of timbu, 2095, et ug. Over the 
Brenta by Palladio, 2096. By tbe same 
arriiitect over tbe Cismone, 20^ Other 
bridge by, 2097. Method of, by Price, 
209^ 2099. 

Brid^% jtmta, 2019. 

Brinkboum, conventual cfaurcb oC 407. 

Brinkboura In Northumberland, conventual 
eburefa at, 398. 

Bristol Cathedml, 398. 421. Founders and 
dimenrions of, 434. 

Britain, architecture ofi 379, et seq. Under 
Clau£aa, 381. Under Agrieoia, ib, 

Briton in (be time of Constantius abounded 
with good artificer^ 381. 

Britain, Roman works in, ruins of, 382. 

British Museum, 2918. 

Briri d t MttamiH^ formeriy Montague 
Houses 466. 

Britims ^pK»ant of arehitecture before final 
d^iarture of Romans, 381, 382. Early 
booset and nebiteetore o^ 379, 380. 
How lodged undbr the Normans, 393. 


Broaching in matmiry, 1914. 

Broad tool, mason’^ 1910. 

Brontasum of the Greek theatre, 172. 

Brunelleschi, revive of foe arts, 436. 9i<»t 
account of bis life, 323. 327. 

Brussels, Hotel de Ville, 2896. Appendis, 
p. 848. 

Buckhurst House, in Sussex, 440. Its date 
and founder, 446. 

Buckingham House, built by Winde for 
Sheffield, Duke of Buckingham, 465. 

Buildings, covering of, as to comparative 
weights. See “ Covering trf Buildings. ^ 

Buildings, public and private, general ob- 
servations on, 2861, et seg. Different 
parts of, 2863, 2864. Bridgesi, 286^ 
et teg. Churches, 2870, et seg. 

Bullant, Jean, one of the early Frmifo 
architects, 357, 358. 

Buonarotti, Michel Angelo, 335. Em- 
ployed on St. Peter's, and his disint^- 
est^ness, ib. His letter to Vasari, ib. 

Burgh Castle, in Suffolk, 391. 

Burghley-on-tbe-Hill, garden front, 440. 

Burgos, cathedral at, 320. 

Burgundian, so called, arcfaitecture. Ap- 
pendix, p. 848. 

Burleigh House, by Thorpe, 440. 

Burleigh House, date and founder, 446. 

Burlington, Earl of an architect of great 
talent, account of and bis works, 509, 510 
His liberality to Kent, 511. 

Burlington House, colonnade, 510. En- 
gaged pilasters ctmdemned, 2615, Con- 
sidered, 2995. 

Burlington, Lord, 464. 

Burrougb, Sir James, aide amateur archi- 
tect, 490. 

Burrs, 1824. 

Buschetto, architect of cathedral at Pisa, 
286. Hu epitaph, ib. 

Bustamente, Bartolomeo di, eelel»ated 
Danish architect, 370 

Butting in carpentry, 2009. 

Byland, conventual church at, 398. 

Byzantine architecture, 270, et teg. 

Byzantiue architecture ctmtinued till intro- 
duction of pointed style, 283. 

Byzantine cathedrals^ Appendix, p. 822. 


C. 

Caaba of Mecca, description of spared by 
the Wahabecs in 1803, 118. 

Cable ornament, 397. 

Cablings, 2588. 

Cadmians, Jacob Bryant’s thou^its csi, 27. 
136. 

Caen, Chateau de la Gendarmerie, Appen- 
dix, p. 850. 

Caen Wood House, by Adam, 517. 
Caer-PhiHy Casde, 398. View of 404. 419. 
Caernarvon Castle, and view of 402, 403. 
Cum, or Cam, what, and its etymob^y, 24. 
Cairo, founded by Akbah, 120. 
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Canaonsi in cylindrical vaulting bow to 
regulate, 2835, 2836. In hemispbeticai 
vaulting, 2837. 

Caldarium of tbe Roman batbs, 235. 

Caldogno, villa, cornice of, 2725. 

Camalodunum, first Soman colony in 
Britain, 381. 

Camber slip, bricklayer's, 1 890. 

Campbell, Colin, architect, temp. George I., 
and bis works^ 504. 

Campden, Gloucestershire, parochial church 
of, 421. 

Campden House, Gloucestershire, 445. De- 
scription ofi 451. 

Campo Vaccino, columns of, 2547. 

Canarah, excavations in Island of Salsette, 
near Bombay, 57. 

Cancellaria at Rome, doorway at, 2739. 

Cannons, Middlesex, James employed on, 
505. 

Canterbury Castle, 394. 398. 

Canterbury Cathedral, 396. 398. 421. 
Founders and dimensioos of, 434. 

Canterbury Cathedral, Appendix, p. 830. 
Central tower of, Appendix, p. 835. 

Capitals of columns, mode of gluing up 
2203, 2204. 

Capitals of columns, origin ofi 135. 

Capitals of pilasters, 2677, et teq. Tuscan 
and Doric, 2677. louic, 2678. Corin- 
Biian and Composite, 2679. 

Caprarola, arcade at, 2637. Doorway at, 
2737. 

Carceres of the Roman Circus, 240. 

Cardiff Castle, 398. 

Carisbrook Castle, 398. 

Carita, convent of, at Venice, 354. 

Carlisle Cathedral, 406. Founders and di- 
menrioos o( 434 

Carlo, Mademo, employed on St. Peter's, 
336. 338. 341. 

Carnac (Egypt), temple at, 81. 

Carnae, in Britany, remains of Druidical 
monument, 14. 40. 

Carpenter’s and joiner's work in specifica- 
tion^ 2285. 

Carpentry and joinery, measurement and 
value of labour of, 2330 — 2369. 

Carpentry mechanical. See “ Mechanical 
Carpentry.” 

Carpentry practical, what, 2003. The tools 
of toe carpenter, i5. Antiquity of, 2004. 
Among the moderns, 2005. Scarfing, 
2007. Mortises and tenons, 2008, 2009. 
Method of framing wall-plates, together 
at angles, 2009. Most approved method 
of forming hutments for struts and braces, 
2010. Straps, 2011. Bolts, 2012. Floor- 
ing and floors, 2013 — ^2023. Single floor- 
ing, 2014. Common joists and their 
■cantHngs, 2014, 2015. Trimmers and 
trimming joists, 2017. Double floor, 
2019. Double-framed floor, 2020, 2021. 
Guden^ th. Mode of truing girders, 
2021. Binding joists, 2022. Scantlings 
tt, A. Cmling joists and tb«r acantlings, 
ib. Floors, method of constructings with 


toort rimber^ 2023. Partitiotis, 2024, 
2025. Carriage of stairs, 2026. Roo&, 
slope of, 2027 — 2030. Tie-beam, 2031. 
Ccdlar-beam, >6. Sagging prevented, ib. 
King post, ib. Truss, what, ib. Struts, 
what, ib. Framing principal rafters, 
2033. Queen posts, 2034. Straining 
piece, ib. Mansard itxt^ 2035. Common 
rafters, ib. Purlin, ib. Pole plate, ib. 
Ridge piece, ib. Hip rafteis, ib. Stask. 
rafters, ib. Scantlings of timbers for rooft, 
ib. Mode of framing rooft ui difihrent 
spans, 2042 — 2045. Roof of St. Martin's- 
in-the- Fields, 2046. Of chapel at Green- 
wich Hospital, 2047. Of old Drury Lane 
Theatre, 2048. Dome of St. Paul's, 
2049. Of S. Paolo fuori le Mura, 2051. 
Delorme's mode of fiaming domes, 2052. 
Lines for framing roof, 2053 — ^2057. 
Ribs for groins, 2058 — ^2077. Bracket- 
ing, 2079 — 2088. Domes 2089. Pen- 
dentives 2090 — 2094. Bridges 2095 — 
2099. 

Carpentry, system ofi in use among the 
Chinese, 102. 

Carr, of York, an architect, temp. George 
HI., 514. Much employed in northern 
counties ib. 

Cart, Pietro, a German architect, 365. 

Carter, pupil of Inigo Jones 464. 

Cartmell, in Lancashire, choir at, 398. 

Carton, pierre enrichments 2251. 

Caryatides used at an early period of the 
art, 85. Account of their origin by Vi- 
truvius lfi5. Used in other than tbe 
classic styles of architecture, 166. Pro- 
bable origin, 168, 169. 

Caryatides and Persians 2682, et teq. By 
Jean Gougeon, 2683. 2693. Those de- 
signed for Whitehall, 2685. By Michel 
Angelo, 2687, 2688. 2691. By Biffi, at 
Milan, 2689. By Quellinus ^m Am- 
sterdam, 2690. At the latuvrs 2693. 
From tbe arch of the Goldsmiths at Rome, 
2694. 

Casement, 2532. 

Caserta, palace at, described, 2877, 2878. 

Castel St. Angelo at Rome, 256. 

Castella, of aqueducts what, 225. 

Castle Abbey, Northamptonshire, 452. 

Castle Howard, in Yorktoire, by Vanbrn^, 
494. 

Castle Rising Castle, 398. 

Castle Rising, Norfolk, parochial church of, 
398. 

Castles encouraged by 'Williaro toe Con- 
queror, 393. And William Rufus ib. 
Description of, and list, 394. Gateway, 
important part of, 416. 

Castles of Benevento, Penafiel, and Totde- 
sillas 128 . 

Castles principal, in the time of toe Nor- 
mans 394. 

Castletown (Derbyshire) Castle, 391. 

Castor Castle, in Norfolk, 391. 

Catenarean curve, contained in walls of 
Gothic buildings Appendix, p.'829t 



1064 


INBEX. 


Oi&ednb, Ei^iA, vfiH^lieal view of 
their leadii^ dnseiuMis, 435. Having 
parts 0^ Nonoan erection, 396. 
Cathedn^' inrineipal of France, and their 
dies, 317. Of Italy, 318. Of Spain, 
320. Of Portugal, 321. 

Catledge House, date and founder, 446. 
Caudebee, sacristy. Appendix, p. 830. 

Lady Chapel of. Appendix, pp. 833. 837. 
Cmtnont, M., his work, Appendix, p. 829. 

His division of styles. Appendix, p. 830. 
Cavxdium of a Roman bouse, 246. 

Caves oi Ellora, description of apartments 
at, 56. Indra Subba, apartments o^ ib, 
Cavetto, Mouth, or Hollow, 2532. 

Cavetto, ornament in Horman architecture, 
397. 

Cecil, Sir Thomas, a house designed for, at 
Wimbledon, by Thorpe, 440. 

Cdliog joists, 2019 — 2022. 

Ceilings, in plastering, how set, 2246. 
Ceilings, ribbed, how measured, 2339. 
Ceilings, 2815, et teg. Type for forming 
panels in, 2816, Coves to, tb. Examples 
of or n a m e n ts for, ib. Examples of sub- 
divisions, 2817, 2818. Cornices to, pro- 
portions of 2819. 

Cell* domestic* et fiuniliaiic* of a Roman 
house, 253. 

Cements, 1863—1867. 

Centering, how measured, 2332. 

Centering, value of labour of, 2349. 

Centre of motion, 1241. 

Centi«.bits, plumber’s, 2212. 

Centre of gravity, 1242. 1266 — 1292. See 
“ Mechanics and Statics.” 

Cesspools, bad substitutes for drains and 
sewers 1887. 

Chaldan, architecture of 9. 

Chambers, Sb William, architect, temp. 

George III., 518. His works, 518 

520. His Ti-eatiee m ArehUeetun, 520. 
Chapel at Greenwich Hospital, roof of, 
2047. 

Chapel of San Bernardino, by San Micbeli, 
350. 

Ouqpd of St Ketro in Hontorio, 335. 
Character of E liz a b ethan architecture 449. 
Ct ia rac t en sties of early English architec- 
ture 405 Arches, fo. Tr^ml and cinque- 
foil heads, »b. ^lumns, ib. Windows, 
fo. xb. Walls, ib. Omamcnts, ib. 

Plans, ib. 

CJitwaeterisdes. of ornamented English style 
in ardies, columns, window^ roof, or 
cmling (wnaments, 420. 

Characteri^ics of the Tudor style in win- 
dowe ceilings, flying buttresses, oma- 
meats, canopies, p^e^als, &c., 430. 
Characters of the diSerent orders, 2538, 
et eeq. 

CSiaritd, le snr Loire church at, 289. 
Charlemagne architectural era 283. 289. 
Chariea V., of Ftanee architecture under, 
311. 

Cbarto V., of Spain, a great patron of ar- 
ehtteeture, 368. 


j Charles VL, of Franee aj^iiteeture nndmv 
! 311. 

Charles VJII., of France acquainted with 
the arts of Italy, 358. 

Charlton House Kent, 452. 

Chariton House, Wilte 445. 451,452. 
Chartres, cathedral of, 289. Appendix, p. 
831. 

Chased mortises, 2019. 

Chateau d’Ecouen, by Bullant, 357. 
Chateau Fontaine le Henri, Appendix, p. 
853. 

Chateau de Meilau, Appendix, p. 853. 
Chel-Minar, or Persepolis, ruin* of, 46 — 49. 
Chelsea Hospital, 2976. 

Chepstow Castle 402. 

Cherson, church at, 375. 

Chester Cathedral, 398. Founders and di- 
mensions of, 434. 

Chester, conventual church of St. John at, 
398. 

Chesterford Castle in Essex, 391. 

Chevron ornament, 397. 

Chichester Cathedral, 398. 421. Foundem 
and dimensions of, 434. 

Chillambaram, on the Coromandel 
pagoda at, 58. 

Chimney openings, how proportioned by 
Morris, 2792. By Chambers, ib. An- 
gular funnels of, 2793. 

Chimney piecee 2788, et eeq. Method of 
proportioning dressings of, 2789. Exam- 
pies of, 2790, 2791. Materials employed 
in, 2794. 

Chimney shafU, 2795. Well designed by 
Vanbrugh, ib. 

China, architecture of 9. 

Chinese architecture : — Tent, the type of 
93. Does not seem to have improv^ 94. 
Principles of, as connected with its type^ 
95. Quality of is gaiety of effect, 96. 
Ite ornaments, 97. Timber, chief mate- 
rial used in, 98. Brick also employed, 
ib. Police of and regulations in build- 
ing, ib. 

Chinese bouses described generally, fbl. 
Chinese palaces, 103. That at Pekin de- 
scribed, 103. 

Chinese wall, description of 108, 

Chisd, a carpenter’s tool, 2003. 

Chisels, mason’s, 1909. 

Chisels, the firmer, paring, 2111. Mortise. 

2112 . 

Chiswick, villa at, by Lord Burlington, 509. 
Cholol^ great pyramid of 112. 

Chopping block, bricklayer’s, 1890. 
Christmas, Gerard, an architect, temp. Elisa- 
b<^ 442. 

Christ Church CoU^, Oxford, 426. 2904, 
Christ Church, Hamp^re, church at, 398. 
Christ Church, Oxford, 391. Chapter 
bouse, 406. Founders and dimensions 
of, 434. 

Christ Churdi, Spitalfields. by Hawksmoor, 
499. ' 

Church of our Lady of Kevan at St. Peters- 
burg, fininded, 378. 
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CburdkeS) ^70^ ef aeq. Best farms 
^71. Finrtico ea^tial» 2873. Use of 
the modem church, 2873. ' Form of ba- 
dilica well adapted to, 2874. Facilities 
in designing in that form, 2875. St. 
James’s, Westminster, description of, i5. 
Maximum of size for all to hear well, t6. 
General and usual forms of pulpits of, 
2876. 

Churches built by Wren in London, list o^ 
and their cost, 488. 

Churches from 9th to 12th century, and 
after 12th century, general forms of sec- 
tions, 290. 

Churches, new commisdoners for building, 
521. 

Churches of Greek religioD, distribution . 
described, 375. 

Churton Mendip, parochial church of, 422. 

Cicero’s Formian and Tusculan villas, 243. 

Cigoli, door by, 2742. 

Cima recta, 2129. Rerersa, ib. 

Circle, segments o^ table of areas when the 
diameter is unity, 1225. 

Circle, to describe independent of a centre, 
2074. 

Circles, 908 — 928. 

Circles of stone common in Wales and the 
Western Isles, in Iceland, Norway, Swe- 
den, and yarloua parts of Germany, 16. 

Circles of stones used by the Israelites, 15. 
One set up by Joshua, ib. Remains of, 
in counties of Derby, Devon, Dorset, 
Somerset, and Westmoreland, 16. 

Grcular windows and their lobes, Appendix, 
pp. 826, 827. 842, 843. 

Circus Maximiis at Rome, dimensions o^ 
24a 

Circus rile Greeks and Romans, 240. 

Clamps of bricks, 1816. 

Clare Hall Chapel, Cambridge, designed by 
Sir James Burrough, 490. 

darke, Dr., an able amateur architect, 490. 

Claudius, architecture under, in Britain, 
381. 

Claudius, temple at Camalodunum, 38 1. 

Clear coaling, what, 2273. 

Clef de Voute, or Boss, Appendix, p. 835, 

Clermont, fountain at. Appendix, p. 853# 

Cliefden House, Bucks, 465. 

Climates Europe, 1030. 

Clinkers, 1824w 

Clinkers, Dutch, 1830. 

Clips, glazier’s, 2229. 

Closet knobs, 2263. 

Clugny, aS^y of, 289. 

Cluny, Hotel de. Appendix, p. 853, 

Coarse stuff, plasterer’s, 2235. 

Cobamibias, an architect Spain, 367, 
368. 

Cockermouth Castle, 398. 

Colchester Castle, 394. 

Colchester, monastery 389. 

C<deabiU Hous^ in. Berkshire, by Jon^, 

Ctdin Campbell window by, 2771. 

CoHsenm, 2547% 


Coliseum, or Flarian amphitbeatre, at Rcnne, 
192.228,229. Drainage of, 331. 

Collar beam, 2031. 2034^ 

Colleges, 2899, et seq. Farts 2899. 
Ours differ^ from cmrtinenta}, 2900. At 
Rome described* 2901. One at Genoa, 
2902. At Paris, 2903. At Oxford and 
Cambridge, 2904. Queen’s Coli^e, Ox- 
ford, good example as to di^iosition, ib. 
Christchurch, Oxford, 2906. Trinity Col- 
lege, Cambridge, 2907. King’s C^ege, 
C^bridge, ib. Corpus Cl^ti, Cam- 
bridge, a bad modern example, ib. 

Cologne cathedral of, described, and plan 
and elevation thereof, 306. C<mtrilHitions 
of late years to the fabric^ 307. Average 
yearly expenditure on, 308. 

Cologne, John and Simon of, early German 
architects, 365. 

Colonette of shafts. Appendix, p. 839* 
Colonna, author of PoltphiU Sypnero* 
tomachiay 326. 

Column in Place Vendome at Paris, 363. 
Columns, Chinese, mode of forming, la 
Columns, grouping of, 2614. 

Columns, heights and diameters of ancient 
Roman, 2547. Diminution of, according 
to heights, 2548. % Height and diminution 
of, 2543, tt atq. Vignola’s method of 
diminishing, 2545. Blondel’s method, 

2546. Diminurion in ancient examples, 

2547. 

Columns in apartments, bow arranged, 2849 
—2851. 

Columns, mode of gluing up, in joinery, 
2201. Origin of, 135. 

Columns should not penetrate eadi other, 

2681. 

Columns, stone, mode of working, 1925* 
Comari palace at Venice^ S51. 

Combe Abbey, by Winde, 465. 

Combination of parts of a building, 2825, 
tt seq. Horizontal and vertical, 2838. 
Combination of parts in leading form^ 
2855. Examples of, 2856. Method of 
abbreviation in composition, 2857. De- 
sign proceeded with, 2858, Examfdes, 
2859, 2860. 

Common joists and their scantlings, 2014, 
2015. 

Common rafters, 2035. 

Complement of an are, 1037. 

Compasses, bricklayer’s 189a 
Compluvium of a Roman hous^ 247. 253. 
Composite order, table of example^ 264. 

General proportions o^ 265. 

Composite order, 2591, et «eg. Vigmda’s 
profile o^ 259^ T^le of parts t&. 
Farts to a larger scale, 2593. Mode of 
profiling capital o^ 2594. Profile o^ by 
Vitruvius, 2595, By Falladioy 2596. 
By Serlio, 2597. By Scamozzv 2598. 
Arrangements cff modilKons, 2614* 
Composition oirichments, 2252. 
Composition, general principles 2825, 
et seq. Ornament a non-essential, 2826. 
Fagades should depend on intend dis- 
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tributUHl, 283?. What ocHnpaationB 
ple^ 2888. . Method of the Gothie 
architects as to vindovs, 2829. Talent 
of u aidiitcct how to be judged of, 
2889^ 283(X Orswings necessat; in, 2831 , 
tt ae;. - 

Composidon, method of abbreviation in, 
3857. 

Compound interest and annuity tables. Ap- 
pendix, p. 859, et teg. 

Compound quantities, subtraction o( 655 — 
65A Midtipiication of, 659 — 661. Di- 
vision oC 652 — 666. ^uares of, 680 — 
687. Extraction of roots o^ 688 — 692. 
Higbrar powers 702 — 706. 

Compound relations, 763 — 773. 

Concamerata sudatio of the Roman baths, 
236. 

Concave bricks, 1829. 

Concave surfaces, to form, in joinery, 2199. 

Concord, Ionic temple o^ at Rome, 213. 

Cmierete, how composed, 1862. 

Conditions annexed to specifications, 2294. 

Cone, sections of, 1056 — 1109. 

Con£ratemit4 des Fonts founded by St. 
Benexet, 310. 

Conic sections, 1056 — 1 109. Definitions, 
1057. Ellipsis, 1058-~1082. Hyberbola, 
1083—1094. Parabola, 1095—1 109. 

Conic sur&ces, to form, in joinery, 2206, 
2207; 

Conisburgb Castle, 394. 

Conisterium of the Greek gymnasium, 175. 
Of the Roman, baths, 235. 

Constantine unsuccessful in restoring the 
art, 199. His attempt towards it, 200. 
His trininpbal arcb, 201. 

Constantinople, works at, by Theodosius, 
Anastasias, and Justinian, 271. 

Constantius exhibited little desire to restore 
the art, 202. 

Cmivent della Pace at Rome, by Bramante, 
335. 

Cmncntnal architectare, 435. 

Conway Castle, and view o^ 402 — 404. 

Coppen,Sir George^adeugnfor, by Thmpe, 
44a 

C<q>per, 1787 — 1791. A metal early em- 
^iay^ 1787. Weighty 1787. Ore in 
England, where foo^ and how smelted, 
1788. Sheet copper, its naes in baild- 
ii%, 1789. AUoyed with sine fin- fiimi- 
tore, 1790. With sine for the formation 
of bdl metal, 1791. 

Coptball, Essex, built for Sir Ihomas 
flenci^ 440. 

Cwa, Cyclopean remains at, 32. 

Cota, near Velletri, walls of, 179. 

Cotbel talde ornament, 397. 

Cordova, mosque o( commenced by Abder- 
hamsB, 136. D^ribed, ib. 

Corduas, lighthoase o( 2929. 

Coifo Chstle, Doeae^ 391. ^4. 

Corinfoian arcade, tteSS, With pedestal, 
^1. 

Corintidan ei^ta], origin oi, mmording to 
Vtenvius, 14a 


Corinthian order, 3582, et mgr. V^aela.^ 
profile of, 2583. Table of parts fo. 
Parts o^ to a larger scale, 2584. Mode 
of drawing cajtttal. 2585. Volutes of, 2586. 
Parts of the capital, ib. Profile o^ by 
Vitruvius, SB 87. By Palladio, 3588. 

By Serlio^ 2589. By Scamozii, 259a 
Expedients relative to modillicms, 3614. 
Best manner of proceeding, ib. 

Corinthian order in Greece, 161, et teq. 

Corinthian order of the Romans, 262. Table 
of examples, ib. General proportions o^ 
263. 

Corn, or Wheat, weight o^ Appendix, p. 
884. 

Cornice crowning buildings, 2724, ef teq. 
Proportion it should bear to the tot^ 
height of building, 2725. That of Famese 
palace, tfi. Of the Spanocehi palace, at 
Siena, ib. Of the Ficcolomini palace, at 
Sena, ib. Of the Pojana palace^ by Pal- 
ladio, ib. Of the Strozzi palace at Florence, 
ib. Of the Pandolfini palace at Florence, 
ib. Of the Villa Monteccio, by Palladio, 
ib. Of the Villa Caldogno, by Palladio^ 
ib. Of another villa for same fomily, ib. 
Of the Famese palace, ib. Of the Gondi 
family at Florence, ib. Entablature by 
Vignola, 2726. Block cornices, 2727, 
2728. 

Cornices, brick, 1 904. 

Cornices, in plastering, 2250. 

Cornices of the Florentine palaces, .327. 329. 

Cornices of rooms, proportions of, 281 9. 

Corpus Christi College, Cambridge, 2904. 

Cortona, walls of, 179. 

Co-secant of an arc, 1044, 

Co-sine of an arc, 1042. 

Co-tangent of an are, 1043. 

Cottage ornfi, 3001. 

Cottages, 3005, et teq. Loudon's observa- 
tions on, 3007. 

Counterforts, 1592. 

Co unte r si nk^ 2108, 

Countess slates, 1806. 

Coupled columns, 267. 

Course of brickwork, what, 1894. 

Court of the Lions in the Albamlwa de- 
scribed, 12X> 

Courts of law, 3888, et seq; Very iU con- 
trived in tiiis country, i6. Requisites for, 
2891. Entrances and exits, 2892. Pro- 
vinces, 2893. 

Coved vaulting, 1464 — 1477. 

Covent Garden, square of, by Jones, 462. 

Covent Garden Theatre, 2958 — 2967. 

Covering boards erf' domes, groins, &c., 
2068—2078. 

Covering of buildings, comparative wmgbts 
of different materials, 17^. 

Covert, Sir Walter, a bouse in Sussex de 
signed tor, by Thmpe, 44a 

Coves at ceilings, bei^t oi; 2816. 

Cowdray, Soas^ inan«on,426. 

Crate of glass, 1872. 

Crennels of a castle, what, 394. 

Croisfie d’Ogive, Appendix, p. 835. 
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Ctoidedw desoribed, S3. Found on the 
Malabar eout, St. 

Crosses, difierent sorts Appendix, p. 846. 

Cnnr iron, briekiayer’sj 1890. 

Crown glassy 1869. 

Crown tiles, 1835. 

Croyland, monastery of, expenses for build- 
ing, bow raised, 39S. Conrentual church 
oft 491. 

Crushing wogfat of sereral materials, 1500. 
Of a cubic foot of brickwork, 1883. 

Cube roots, 601—605. Table of, 873. 

Cubes and the extraction of their roots, 
699—701. Table of, 873. 

Cubiculum of a Roman house, 353. 

Cuenfa, cathedral of, 368. 

Cul de Four, what, 1995. 

Cunei of the Roman theatre, 396. 

Curb fw circular windows, to form, 3065. 

Current, in plumbery, 9313. 

Cur-tail step, 9186. 9190—3193. 

Custom-houses, 3944, et seq. Requisites in, 
3944. That ei London, 2945. 

Cutters, bricks, species of, 1831. 

Cutting knives, plumber’s, 9912. 

Cyclopean buildings, four eras o^ according 
to Mr. Hamilton, 32. 

Cyclopes, the seven, Jacob Bryant’s opinion 
on, 31, 

Cylindrical surfaces, to form in joinery, 
3198. 2205. 

Cyma, Cyma recta, or Cyuutium, 353. 


D. 

Dado, value of labour of, 2368. 

Dais in a castle, what, 394. 

Damascus houses, how built, 131. 

Dance, George, architect, temp. George IIL, 
521. 

Darby, Mr., a London house for, designed 
by Thorpe, 440. 

David I. Scotland, his seal in erecting 
religious buildings, 392. 

Day, length of, longest in different coim- 
tries of Etrrope, 1030. 

D^ w<»k, materials and labour, how 
charged in, 2322 — 2329. 

Deri, three-quarter or slit, value of, 2368. 

Deal, inch and quarter, value of labour on, 
2368. 

Deal, inch and hal^ value of labour on, 
2368. 

Deal, two inch, value of labour on, 2368. 

Deal, two and half inch, value rrf labour on, 
2368. 

Deal, three inch, value of labour on, 
2368. 

Deals and battens, memoranda relating to, 
3362. 

Deals, how to reduce, 2363. Table <rf va- 
lues o^ 2364. Explanation of, 2365. 

De Brosse, Jacques, ar^iiteciof t^laixem- 
bonrg in Paris, 358. 

De Campo A^nero, a Spanidi arehiteet, 367. 

Deciinal ffactioiBi in6ni p» ^ 733 796. 


Decimals, 861 — 867. 

Decorated Gothic, or oimunented Englidi, , 
410. 

Decoratkm, 2513 — 2522. Arises from de- 
sire of variety, 2515. Aialogy in, 3517, 
2518. Allegory in, 2520. Examples o( 
2521, 2522. 

De Cotte, Robert, employed in Germany, 

366. 

D’Emere, Garcia, celebrated architect of 
l^ain, 370. 

D’Escobado, Giovanni, Alonso, and Fra. 
Giovanni, early Spanish architects, 367. 

De Foix, Luigi, a Spanish architect, 371. 

De Gumiel, Pietro, an early Spanish archi- 
tect, 367. 

D’Herrera, Giovanni, a Spanish architect of 
great fome, 371. 

De Uria, Pietro, a Portuguese architect, 

367. 

Delorme, Philibert, one of the early French 
architects, 357, 358. Translated into 
English, 438. His mode of firaming 
domes, 2052. On pendents. Appendix, 
p. 833. 

Delphi, temple of, mentioned by Homer, 
136. 

Denbigh Castle, 398. 

Denmark, buildings in, erected by Inigo 
Jones, 456. 

Dennybole slates, 1808. 

Deaths, centres of, 2612. 

Derby, plasterer’s, described, 2242. 

Descriptive geometry, explanation o^ 1110 
— 1115. Division of, 1115. First class of 
objects or solids with plane surfaces, 1116 
— 1121. Second class or solids, termi- 
nated by plane or curved surfoces, 1 122 
— 1 124. Third class or solids, whose sur- 
faces have a double curvature, 1125 — ■ 
1129. Projection of right lines, 1 130-^ 
1133. Projection of sur&ces, 1134 — 1136, 
Projection of curved lines, 1137 — 1141. 
Projection of solids, 1142 — 1148. Devel- 
opement of solids whose snr&ces are plane, 
1149, 1150. Developement of r^ular 
polyhedrons, 1151 — 1155. Developement 
of pyramids and prisms, 1 1 56 — 1 158. De- 
velopement of an oblique pyramid, 1 1 59 — 
1164. Developement of right and oblique 
pirisms, 1165—1169. Develiqiement of 
right and oblique cylinders, 1170—1174. 
Developement of right and oblique cones, 
1175 — 1183. Developement of bodies or 
solids, whose surfaces have a ^uble cur- 
vature, 1184 — 1 190. Angles of planes or 
sur&ces by which solids are bounded, 
1191—1211. 

Design, architectural. See “Architectural 
Dteign.” 

Design, method in proceeding to make one, 
2833. 

Diagannatha, temple of, at Ellora, 56. 

IKamond, glaxier’s, 2226. 

Diastyle intercolumniation, 2605. 2609. 
2611. 

Die of a pedestal, 2603. 
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l^ioa, palace at. Appendix, p. 849. 

IMlapidationa, mode of determimng, Ac., 
App«idix, p. 858. 

X^oaimrtion of columns, 2543, et $eq, Vig- 
ii<da*s meUiod, 2545. Blondel’s method, 
2546. In ancient examples, 2547. 

Diminution of columns according to their 
hdi^t, 2548. 

Diocl^ian desirous of reviying the art, 198. 
His palace at %>alatro described, and 
plan, ih, 

Dionysiacs of the Greeks, what, 172. 

Dispersion of mankind from a central spot, 
11—14.21. 

Dit^lyph, 26U. 

Division of simple quantities, 534 — 539. 

Divisor, greatest common, 752, 753. 

DjenonasU, temple of, at Ellora, 56. 

Dog'legged staircase Ascribed, and mode 
of forming, 2182. 

Domes, mode offraming, by Delorme, 2052. 
Circular and polygonal, to determine ribs 
o^ 2064. To cover with boards, 2070 — 
2073. Construction of, in timber, 2089. 

Domes, how to regulate caissons in, 2837. 

Dome vaulting, in masonry, 1956, et aeq. 
]995 — 2002. Pendentives formed in, 

1999. 

Domestic architecture of the Romans, 242 
—255. 

Domestic architecture of the Tudor period, 
423, et uq. Division into three periods, 
425. 

Domma, temple of, at Ellora, 56. 

Doncaster, parochial church of, 421. 

Domr chains and barrels, 2263. 

Door^ profiles o^ 2729, et $eq. Considered 
in respect of masses and roids, 2730. 
Their proper dimensions, 2731. Their 
proper places and numbers, 2732. Their 
decorations, 2733. Gates and piers, 2734. 
Of St Peter’s, baptistery at Florence, 
and San Giovanni Lsterano, 2735. Manu- 
frcture o^ 2736. Examples of doorways, 
2737, 2738, 2739. At the Cancellaria, 
2739. By Michel Angelo^ 2740, By Vig- 
wda, at the Famese^ 2741. By Cigoli, 
2742. By Inigo Jones, 2743. By Serlio, 
2744. 

Do<»s> square and flat panel on both sides, 
2133. Quirked ovolo fillet and fiat with 
square back, 2IS4. Quirked ovolo bead, 
and flat panel with square back, 2135. 
Quirked ov<do bead, fillet,. <«nd fiat panel 
with square back, 2136. Quirked ogee, 
quirked bead, and fiat panel, with square 
bock, 2137. Quirked ogee, cocked bead, 
and flat panel with square back, 2138. 
Cc»ve, cocked bead, fiat panel, and square 
back, 2139. Quirked ovolo, bead, fillet, 
ai^ raised panri on frmit and square back, 
2140. Quirked ovolo, bead, and raised 
panel with ovolo on the raised panel and 
square back, 2141. Quirked oge^ raised 
pand with ovolo, and fillet on the rising, 
astra^ <m the fiat oi panel in front, 
and square ba^ 2142. Quirked ovolo, 


bead, fillet, and fiat {mod oa betii ddes, 
214 sL B^d and flu^ front and quirked 
oge^ Kused pand with ovolo on tbe 
rising, grooved on fiat panel oa back, 
2144. 

Doors, value of labour o^ 2365 — 2367. 

Doorways, Appendix, p. 843, ei teq, 

Dorbay, a French architect enga^d on 

TuUeries, 357. 

Dorchester Church, Oxon, Appendix, p. 830. 

Doric arcade, 2623. With pedestf^ 2629. 

Doric, Grecian, first used in Paris by An> 
toine, 360. 

Doric, Grecian, relative antiquity of exam- 
ples determined from intervals between 
the columns, Ac., 140. Doru% imagined 
inventor of, 140 — 142. Table of exam- 
ples of, 142. 

Doric, Greek, used in Germany by Lang- 
bans, 366. 

Doric order, among the Romans, 258. Of 
the theatre of Marcel! us, t&. In tiie baths 
of Dioclesian, ib. Of the Italian ar^i- 
tects, ib. 

Doric order, intercolumniations 260t5- 

Doric order, table of members comporing* 
it, 2565. Vitruvius’s profile 2566. 
Palladio's profile of^ 2567. Serlio’s pro- 
file of, 2568. Scammozzi’s profile of, 
2569. Grecian in tbe Parthenon, 2570. 
Table of its parts, ib. Principal build- 
ings of Grecian Doric, 2572. 

Doric order, 2560. Vignola's commended 
by DavUer, 2561* Parts of the mutular 
Doric on larger scale, 2562. Table of 
heights and projections, i&. DiJBBculties 
in arranging cmtablatur^ 2563. How 
employed by the ancient^ 2564. D^- 

ticular Doric, 2565. Parts on larger 
scale, ib. Table of heights and projec- 
tions, ib, 

Doric temfde at Corinth, early specimensr 
146. 

Doric temples, general proportions of place 
examin^ 152. 

Dorrell, Sir Thomas^ house frnv d^^pied 
by Thorpe, 440, 

Double b«id, or double bead and quirk, 
2128. 

Double-framed flocning, 2013 — 2019. 

Doulde slates, 1809- 

Dover Castle, Kent, 391. 393, 394. 

Dowelled floors, 2171 — ^2173. 

Dowels, 2173. 

Dragon beam, what, 2009. 

Drainage d foundations, 1887, 1888. 

Drawer handles, 2263. 

Drawing in general, 2381- — As applied to 
landsrapes, 2404. 

Draw^ knife, 21 14, 

Drawing, methods of teaching, S383, et seq. 
Metb^ of Dupuis, 2385- Anei^t 
method, 2387, et $eq. 

Drawings necesnry in emnpositton, 2831, 
et Conrist of plan, section, and de- 
vatioo, 2832. In making a design, to 
proceed on, 2833. Ought not to be co- 
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loured ik» highly finished in shadow, 
S894. or eaissons in rrattlting, 2835 — 

■ 2837. Of horizontal and vertical eom. 
binations, 2839, e* teq. By interaxal 
divisions, 2842. Prevention of fidse 
bearings, 2843. 

Dressing and flatting tool, plumber’s, 221 2. 

Drips, in plumbery, 2213. 

Droving, in masonry, 1914. 

Druidi^ and Celtic architecture intro- 
duced into Britain by the Canaanites of 
Tyre and Sidon, 14. 

Dniids of the British Isles, a colony of the 
first race of people, 1 1 . 

Drury Lane Theatre, 2958. Old Drury 
Lane, 2967- 

Drury lane Theatre, old, roof of, 2048. 

Drybergh Abbey, 431. 

Drying oU, what, and how made, 2274. 

Du Cereeau, one of the early French archi- 
tects engaged on Tuileries, 357. 

Duchess slates, 1805. 

Dungeon of a castle, what, 394. 

Duodecimals, 868 — 872. 

Durham Castle, 394. 398. 414, 

Durham Cathedral, 406. Founders and 
dimensions of, 434. 

Durham Cathedral, Appendix, p. 836. 
Kkdien, 837. 

Duster, giber’s, 2226. 

Dutch clinkers, 1830. 

Dutch arras, 1866. 


E. 

Earls Barton Towo-, Northamptonshire, 
398. 

Early English architecture, 399, et seg. 
Characteristics of, 405. Examples of, 
406. 

Eaatbury House, in Dorsetshire, by Van- 
brugh, 495. 

Echinus, or quarter round, 2532. 

Ecole de Medicine, at Paris, 363. 

Edfon, near Theb», temple at, described, 
77. 

Edgar the Peaceable, his care of the Anglo- 
Saxon buildings, 386. 

Eddystone Lighthouse, 2930. 

Egypt, architecture of, 9. 

Eg^dan architecture, its analysis and de- 
velopement, 70, et seq. Considered in 
respect d style, taste, and character, 76, 
et eeq., 84, et eeq. Temples and tombs, 
the principal work in it, 67. Mono- 
tonous, 88. 

Egyptian architecture, physical causes which 
affect it, 63, et eeq. No circular temple 
in, 69. 

Egyptian Sarchitecture, principal edifices 
1 ^ their mtuations, and map of the Nile, 
91. 

Egyptian eariier than Greek architecture, 

10 . 

Egyptim temple, form and disposition of, 
described, 76. 
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Elsotherinm of the Greek gymnasium, 1 75. 
Of the Roman baths, 235. 

Electroplating, Appendix, p. 1797. 

Elephants, near Bi^bay, excavated tenaple 
of, 57. 

Elizabeth did not patronise architecture, 
438. 

Elizabethan architecture, or last Tudor style, 
425. 436, et eeq. Character o( 449. Se- 
pulchral monuments, !b. Absurdity of 
attempting to revive it in. the present 
day, ib. 

Elizabethan architecture practised till tiie 
days of Inigo Jones, 445. 

Eliz^ethan palatial houses^ list ot, 446. 

Ellipsis, 1058—1082. 

Elliptical arch, to draw, in masonry, and 
find the joints, 1934—1937. 

Ely, capitals at, 390. Arch at, ib. Priors’ 
entrance at, 397, 398. 

Ely Cathedral, 406. Founders and di- 
mensions of, 434. 

Ely House, Dover Street, by Taylor, 515. 

Engaged pilasters, Burlington House, 2615. 

England, Saxon churches o^ 290. 

English bond, 1892. 1894. 

Eiuichments in plastering, 2250. 

Entablature, height of, 2523, et eeq., 2542, * 
2544. 

Entablatures, subdivision of, 2549. 

Entasis, or swelling of columns, first verified 
by Mr. AUason, 144. Explanation of 
the object of it, ib. 

Entasis, 2545. 

Eopylx, Appendix, p, 824. 

Eo^der, a German architect, 365. 

Eotbolse, Appendix, p. 824. 

Ephebeum of the Greek gymnasium, 175. 
Of the Roman baths, 235. 

Episcenium of the Greek theatre, 172. 

Equations, simple, resolution of, 816 — 824. 
Resolution of two or more of the first 
degree, 825 — 832. Of pure quadratic 

equations, 833 — 841. Of mixe^ of the 
second degree, 842 — 848. Of complete 
equations of the third degree, 849 — 860. 

Equilateral triangle applied to buildings. 
Appendix, p. 821. 

Equilibrium necessary for fitness, 2500. 

Erectheus, Ionic temple of, at Athens, 155. 

Erwin of Steinbach, architect of cathedral 
at Strasburg, 305. 

Escurial, designs for, by Giovanni Battista 
of Toledo, 370, 371. Cause of its erec- 
tion, tb. Described, ib. 

Esher, in Surrey, palace at, 426. 

Esneb, ruins at, 71. 

Estimating, 2295, et eeq. 

Eaton College C^pel, 421. 

Etruscan architecture, probably a brand of 
the Cyclopean, 178. Marked by great 
solidity of construction, 179. 

Euclid’s Elements early used. Appendix, 
p. 819. 

Eodes de Montreuil, architect, 310. 

Eustyle intercolumniation, 2605 — 2611. 

Evreuz Cathedral, Appendix, p. 830. 
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Examples of the Fhnid or Tudor style, 
432. 

Excavator’s work in specificaUons, 2281. 

Exchanges, 2937, tt teq. Definition of, 
2937. How sometimes designed, 2938. 
That of Am^rdam, 2939. Sir Christo- 
plwr Wren’s opinion relative to, 2940. 
New Royal Exchange, 2941. lliat at 
Paris described, 2943. 

Exedra of the Greek gymnadum, 175. Of 
the Ronuyi baths, 235. 

Exedrs of a Roman house, 252, 253. 

Exeter Castle gateway, 391. 

Exeter Cathedral, founders and dimensions 
of, 434. 


F. 

Fa 9 ade of Nero at Rome, 262. 

Falling mould of stairs, 2188. 

Fancelli and Michelozzo, scholars of Bru- 
nelleschi, 323. 

Fancy colours in painting, 2272 — 2276. 

Fan vaults. Appendix, pp. 833, et seq., 
837. 

Farm-houses, 300% et ttq. Distribution 

, et, 3003. On large scale, 3004. 

Famese Palace comice, 2725. Door at, 
2741. 

Farnese Palace, door at, by Vignola, 2741. 
Window at, 2763. 

Fauces of a Roman house, 250. 253. 

Fez, ancient Arabian city, described gene- 
r^y, 132. 

Flesoie, walls of 179. 

Figures in decoration, 2519. 2521. Similar, 
958—968. 

Filippo, Mastro, a Spanish architect, 367. 

Fillet, Listel, or Annulet, 2532. 

Filled 2129. 

Fine stuff plasterer’s, 2236. 

Fischers, a German architect, 365. 

Fitness, the bads of proportion, 2496, 2497. 
'Depeodoit on equilibrium, 2500. Max- 
ims relating to, ^02. 

Fitzwilliani, Mr. William, house designed 
for, by Thorpe, 440. . 

Flandwyant style. Appendix, p. 829, et teq. 
Folia^ in, 83% Sculpture in, sUdL 

Flashings, in plumbery, 2213. 

Flemish txmd, 1892. 1897. 

Flouish bricksi 1830. 

Fliet^ in stairs, 2186. 

Xlitcr^ Henry, an architect, temp. George 
II., 512. 

Float stone, Inicklayer’s, 1840. 

Floated work, plaster’s, 2242. 

Flooring and floors, 2013—2023. Single, 
2014, et eeq. Constructed with short 
pieces of timber, 2023. Boards, value of 
labour of 2368. 

FSxmng; value of Uwur of 2350. 

Flo<aa,S168— 2173. 

Flo(»a^ varialde loads on, and largest weight 
placed on, 1778. 

Florence^ palaces of 358. 


Flormitine sdiool of architecture, 329. 
Princiides of best traced in the palaces, 
330: Principal churches of, tfi. Byzan- 
tine arebitecture traced in wOTka of 332. 
Period at, 333. Principal masters of ib. 

Florid English or Tudor style, its lera, &e., 
422, et teq. Examples in l^tland, 431. 
In England, 432. 

Flush rings, 2263. 

Flutes of columns, thdr nature and pro- 
bable origin, 145. 

Folded floor, what, 2168. 

Folding doors, what, 2130. 

Fontaine de la Croix, Rouen, Appendix, p. 
848. 

Fontaine le Henri Chateau, Appendix, pp. 
853, 854. 

Fontana, Carlo, employed at Fulda and 
Vienna, 365. 

Fontana, Domenico, employed on St. Fe- 
ter’s, 336. Palace by, 344. 

Foot’s Cray, villa at, 3000. 

Fora of the Romans described, 218. Ci- 
vilia and Venalia, ib. Great Forum at 
Rome, ib. Forum of Nerva, ib. Forum 
of Ttqjan, ib. F(»um at Fano, built by 
Vitruvius, ib. Forum at Pompeii, d^ 
scription and plan, 219. 

Formation of bodies by glue in joinery, 
2193 — ^2208. 

Formeret, Appendix, p. 835. 

Fortuna VirUis ( Ionic), temple of at Rome^ 

212 . 

Foimdations, 1881 — 1888 Vitruvius’s ad- 
vice on, 1881. Best soils for, 1882, 1883. 
What depth they should be, 1884. Use 
of inverted arches in, 1885. Walls 
above, should be kept dry, 1886. Drain- 
age of 1887. 

Founder’s work in specifications, 2286. 

Founder’s work, method of estimating, 
2374. 

Foundery, 2265, 2266. 

Fountains, conventual church of 398, 407. 

Fractions, 549 — 554. Propmties S5S 
— 557. Addition and subtractian of 
558 — 560. Multiplication and division 
of 561 — 574. RmcdutioB of into infi- 
nite series, 667 — 679. 

Framing of joine^, 2174, 2175. 

France, <dd^ buildings in, 289. 

France, principal cathedr^ of, and thmr 
dates, 317. 

Francis 1., of France, patron of arts in 
France, 358. 

Franking sash bars, 2165. 

Freemasons, society of, 401 . 820. 822. An- 
tiquity of Appendix, pp. 819, 820. 

French architects, attached to Venctiau in 
preference to Roman schools, 358. The 
first in Europe, 360. * 

French easement feames, value of labour of 
2368. 

Ffencb school of srohiteeture, 357. Enly 
masters of 357, 358. 

Frette-embattled ornament, 397. 

Frette-triangular omamenf ib. 
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FretwOTk, glasd^’s, 2229. 

Friction, 1331>— 1341. Obserrations on, 
1364—1389, 

Frigidarium of the Greek gymnasinm, 
175. Of the Roman baths, 235. 

Frise panels of a door, 21S<X 
Prize rails of a door, 213(X 
Fuller, prebeodaiy of Sarum, his aphor- 
isms relating to private buildings, 2985 
—2989. 

Funnels of chimneys, 2793, 

Furness, conventu^ church of, 398. 

Fomng and battening, value of labour o^ 
2350. Joints of floors, 2169. 


G. 

Gabriel Jacques Anges, architect of Garde 
Meuble at Paris, 360. 

Gaillon, Chateau de. Appendix, pp. 847. 
853. 

Galleries, height of, 2822. 

Gandon, an architect of reputation, 504. 

Garde Meuble at Paris, by Mansart, 360. 

Ganie Meuble at Paris, 2887. 

Garisendi Tower at Bologna, 2500. 

Gate of the Lions at Mycene, 34. 

Gates and piers, 2734. 

Gauge, 2120. 

Gauged arches, how measured, 2311. 

Gauge stuff, 2237. 

Geber, an early Spaiush architect, 368. 

Genius in architecture, what, 2492. 

Genoa, church of S. Lorenzo at, 319. 

Geometrical progression, 774 — 782. 

Geometrical proportion, 754 — 762, 

Geometrical ratio, 749—751. 

Geometeical strirease in joinery described, 
and mode of forming, 2184. Much used 
on the Continent, 2185. 

Geometry defined, 874. Definitions, 875. 
Right lines and rectilineal figures, 876 — 
907. CSrcles, 908 — 928. Surfaces, 929 
— 934. Proportion, 935 — 957, Similar 
figures, 958 — 968. Planes, 969 — 978. 
Solids, 979—995. 

Geometry, practical, 996 — 1031. Conic 

secticms, 1032. 

Gerbert (^Tester II.), Appendix, p. 819. 

Gerbier, Sir Balthazar, employed soon after 
the Restoraticm, 465. 

German architecture, 365, et seq, 

G^man sheet glass, 1873. 

Germany, early arefaitects o^ 365. Em- 
ployed in other cmintries, i5. Italian ar- 
efaiteets employed in, fo. 

Germany, two difierrat styl^ in ite ancient 
eburebes, 283. 

Germany, two principal churches aS, 305. 

Ghent, prison at, 2981. 

Gibb% James, an architect of great repu- 
taticm, temp. G^rge I., and criticism 
hf Walpde on, 501. Works oL 503, 
503. 

Giddea Hall, Essex, altered by Thorpe, 


ion 

Gilding^ 2277. 

Giralda, celebrated bell tower at Seville, 

320. 

Giralda, La, tower at Seville, 368. 

Girders, 20^. Scantlings for, 2021. 

Girders, how measured, 2335. 

Gisborne Priory, conventual church o^ 
421. 

Gisborough Castle, 398. 

Glass, 1868 — 1875. Cmutitumit parts, 1868. , 
Crown glass, 1869. Common window 
glass, bow made, 1870. Knob-glass, ib. 
Three qualities 1872. German-sheet, 
1873. Plate, 1874, and Glossary. Pliny^ 
account of discovery of, 1875. 

Glass used in Anglo-Saxon buildings, 385, 
386. 

Glastonbury Abbey, 435. 

Glastonbury, chapel of St. Joseph at, 

398. 

Glastonbury, monastery of, 389. 

Glazier's vice, 2228. 

Glazier's work in specifications, 2289. 
Glazier's work, method of estimating, 2378. 
Glazing, 2225—2231. Knife, 2226. 
Gloucester, St- Peter's, 396, 397. 421. 

Founders and dimensions o^ 434. 

Glover, Moses, an architect employed in 
completing Northumberland House, and 
prolably Sion House, 442. 

G^stone House, design for corridor, 440. 
Going of stairs, 2179. 

Goodi Palace, cornice of, 2725. 

Gondouin, Jean Jacques, celebrated French 
architect, 363. 

Gores of boards for covering domes, groins, 
&c., 2068—2078. 

Gormanbury House, date and founder, 446. 
Gosfield Essex, 426. 

Gothic arch, in masonry, to draw and find 
the joints, 1938 — 1941. 

Gothic architecture, 294 — 456., and Ap- 
pendix, pp. 819 — 857. See also “Pointed 
Architecture," and “ Florid English.** 
Gothic, decorated. See ** Decorated ^>- 
thic." 

Gottbard, a German architect, 366. 

Gouge, 2113. 

Gouge-bit, 2107. 

Gougeon, Jean, the sculptor, 358. 

Goutard, a German architect, 366. 
Government offices, 2883, et $eq. Character 
of. 2883. Disposition 2884. Parte of 
Bank of England, by Soane, good ex- 
amples, 2885. Admi^ty and Treasury, 
instances of indifference of govemmoit 
to the arte, 2886, 2887. fine examples 
o^ in F&ris, 2887. 

Gradus of the Roman theatre, 226, 227. 
Grafton, Duke of, house for, in Piccadilly, 
by Taylor, 515. 

Granada, church at, 368. Palace at, 

Granite, 1668 — 1672. Constituent parts 

of, 1669. Not decomposed by acids, 

1670. Grey granite or moorstone, 1671. 

Peterhead, i6. Weight of different sorts 
of, 1672. 
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Grantham, pvoehial dnurcb at, 408. 431. 

Gravitj, centre 1343. See “ Centre of 
Gravity." 

Greciana, eaily buildings of, were palaces 
of princes, 187. Described, ib. 

Grecian tonple, origin of, 139. 

Grecian architecture, strict meaning, as dis- 
tinguished from Roman, 134, No arches 
us^ in, ib. 

Grecian identical with columnar architec- 
ture, 133. 

Greek churches, distribution of, described, 
375—377. 

Greenwich Church, by James, 505. 

Greenwich Hospital, 2976. 

Greenwich Hospital, int^ior of chapel, by 
Stuart, 516. 

Greenwich, Palace at, 433. 

Greenwich, Queen’s House at, by Inigo 
Jones, 462. 

Gregory III. (Pope), arts under, 281. 

Greville, l^r Robert, garden front for, near 
Gray’s Inn, 440. 

Grimani Palace, Verona, by San Micheli, 
350. 

Grimstborpe, Lincolnshire, palace at, 426. 

Grinding stone, bricklayer's, 1890. 

Groined arches in brickwork, 1903. 

Groined vaulting, 1444 — 1456. Ready 
method of equilibrating, 1457, 1458. 
Applied to churches with naves and aisles, 
1459—1463. 

Groining, simplest form of^ Appendix, p. 
835. 

Gnuna, in masonry, 1945, at seq, 'Where 
they intersect in Ae plane of the diagonal, 
1945. Where the narrow opening is a 
semicircle, and the wide one a semi- 
ellipse, 1946. With two circular vaults 
of different heights, 1947, 1948. When 
they are of the same height and of 
'different species, 1949. When a cylin- 
drical and conic vault intersect, 1950. 
)Vhen the centres are made for the widest 
''uvenne, 1951. For rectangular groins, 
1952. When .several vaults meet in a 
common centre, 1953. When the piers 
of support are octangular, 1954. Arches 
intersecting a coved ceiling; 1955. In 
inclined Taults,1957, 1958. 

Groins, to describe parts where the arches 
are of unequal bmght, 2059. To describe, 
where the- parts, are of equal heights, 
2060. Ribs for, 2058—2077. 

Groove, what, 2104. 

Grounds, 2166, 2167. 

Grounds, value of htonr of, 2368. 

Grozing irons, plnmberis, 3212. 

Ouarini, employed at Prague, 365. 

Guddfiird Cas^ 394. 298. 

GuQoefaes, 2817. 

Gwndnlph, introduced ornammit to Norman 
arehiteeture, 395. 

Gutter tiles, 1837. 

Guttering, value of labour o^ 2350. 

Gynraasia ef the Greeks, parts of them and 
plan, 176. 


H. 

Hacking knife; glazier’s, 2226. 

Haddon Hall, Derbyshire, 426. 

Hadrian’s Villa, vralls at, 1535. 

Half paces, in stcme stairs, 1929. 

Hallman, architect of Hanover, 377. 

Halls : at Westminster ; Chester ; Bristol ; 
Woodstock ; Beaumont, in Oxford ; 
Windsor ; Eltham ; Kenilworth ; Dart- 
ington ; Crosby, in London ; Durham ; 
Conway ; Baby ; Lumley ; Swansea ; 
Castle Hall, Leicester ; Spo^rth ; Caer- 
philly ; Warwick; second one, at Swan- 
sea ; Berkeley, 414. 

Halnacre, in Suffolk, 428. 

Hamelin’s cement, 1863. 1865. 

Hammer, bricklayer’s, 1890. Plumber’s, 
2212. Slater’s, 2210. 

Hampton Court, Herefordshire, 423. 

Hampton Court, gateway, at, 427. 

Hampton Court, Middlesex, palace at, 426. 

Handlinch House, Wilts, portico at, 516. 

Handpick, slater’s, 321 a 

Handrails and curtail step, 2187 — 2192. 

Handrail, value of labour of, 2368. 

Hardwick Hall, date and founder, 446. 

Harewood, Lord, his house, by Carr, 514. 

Harlaxton Hall, Lincolnshire, 426. 

Harlech Castle, 402. 

Harmony in architecture, 2509. 

Hart, Sir Percival, Lulliugstone, Kent, 440. 

Haslerigg, Sir William, elevation designed 
for, by Thorpe, 440. 

Hatched ornament, 397, 

Hatchet, 2117. 

Hatfreld House, 445. 451, 452. i, 

Hatfield Lodge, a plan for, by Thorpe, 440l 

Hawarden Castie, 398. 

Hawk, plasterer’s, 2234. 

Hawksmoor, Nicholas, (mpil of Wren, WJ- 
count of, and bis works, 499. 

Headers, what, 1 894- 

Heckington, parochial church o^ 421. 

Hedingham Castle, 394. 398- 

Heigbt of columns, 2543, et teg. 

Hempstead Marshall, finished by Winde, 
465. 

Hengreaye Hall, SufiGdk, 426. 

Henry IIL, many religious buildings 
founded in bis reign, 401. 

Herbert, Henry, Earl of Pembroke, an 
amateur of tident, 508. His works, ib. 

Hereford Cathedral, 398. 421. Founders 
and dimenrions of, 434. 

Herodes Atticus, his munificence in archi- 
tectural expenditure, 193. Temple of 
Neptune in the Isthmus, ib.* Theatre at 
Corinth, ib. A stadium at Delphi, ib. 
A bath at Thermopylae, ib. An aque- 
duct at Canusium, ib. 

Hever Castle, Kent, 426. 

Hexastyle temples, 2528, et teg. 

Hexham, cath^ral at, 385. 

Hieroglyphics in Egyptian architecture, 

86 . 
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ingham Ferrars, parochial church of, 408. 
421. 

High Church, Edinburgh, alluded to, 
485. 

Hill Hall, Essex, 426. 

Hingeing, 2149 — 2163. 

Hinges, different sorts, 2258. 

Hiorne, an architect, temp. George III., 
his works, 514. 

Hip rafter, what, 2009. 

Hip rafters, 2035. 

Hip tiles, 1836. 

Hips, to find back of, 2054. 

Hod and board, slater’s, 2210. 

Hod, bricklayer’s, 1890. 

Holbein, Hans, and bis design of Whitehall 
Palace, 427. 

Holdenby, designed by Thorpe, for Sir 
Christopher Hatton, 440. 

Holkham, 2997. 

Holkham, excellent distribution of plan, 

2822. 

Holkham, in Norfolk, by Kent, 511. 

Holland, architect, temp. George HI., 521. 

Holland House, Kensington, built by 
Thorpe for Sir Walter Cooper, 440. 452. 

Hollow, 2532. 

Hollow bricks, 1829. 

Holte, Sir Thomas, ground-plan for, 440. 

Holte, Thomas, architect of public schools 
at Oxford, 443. 

Holy Apoatles, church of, at Constant!* 
nople, 271. 

Holyrood Chapel, finished by James II. of 
S^tland, 431. 

Hou, of the Chinese, 106. 

Hontanon, an architect of Spain, 15th cen* 
tury, 367. 

Horlse Guards, designed by Kent, 511. 

Horseheath House, Cambridgeshire, by 
Webb, 465. 

Hospitals, 2973, et seq. What, 2973. Not 
known to the ancients, 2974. Examples 
of, in Durand’s Parallile dee Edijicesf 
particularly that at Milan, 2975. Of 
Greenwich and Chelsea, 2976. 

Hosphium of a Roman House, 251. 

Hotel des Ambassadeurs, Dijon, Appendix, 
p. 848. De Bourgtberoude, Rouen, Ap- 
pendix, pp. 851, 852. De Cluny, Paris, 
Appendix, p. 853. 

Hotel des Invalides at Paris, 359. 

Hotels de Ville, Bruges, Appendix, p. 855. 
Brussels, pp. 848. 855, 856. Ghent, p. 
857. Louvain, pp. 856, 857. Orleans, 
p. 850. St. Quentin, p. 849. 

Hougfatcm Hall, water-house at, by Earl 
of Pembroke, 508. 

House of the Forest of Lebanon, 53. 

Houses, first, according to Vitrurius, 5. 
First, of the Egyptians, Peruvians, i6. 
Presait, of the Abyssioians, ib. In the 
East, consisting of more than a ringle 
^ry, 140. Tearr^e on the tops of them, 

Houring, {Hincipal rafters, 2033. 


Howard, Earl of Northampton, present 
Northumberland House built for, 442. 

Howden, conventual church of, 407. 421. 

Hull, brick used early as a material at, 
416. 

Hiiltz, Jc^n, of Cologne, engaged on ca- 
thedral at Strasburg, 305. 

Human figure, proportions of, 2394. Ac- 
tions of, 2396, et seq. Centre of gravity 
of, ib. Motion of, 2397. In running, 
2398. In preparing to strike, 2399. In 
bearing a weight, 2400. In leaping, 
2401. In leaning, 2402. In dying and 
falling, 2403. 

Hundred of lime, how much, 2303. 

Hunsdon House, date and founder, 446. 
Palace at, 426. 

Hurlers, the, circle of stones in Cornwall, 
16 . 

Hurstmonceaux in Sussex, 423. 

Hyperbola, 1083 — 1094. 

Hypnerotomachia, 326. 


I. 

Iffey Oxon, parochial church of, 398. 

llyssus, Ionic temple, on the, 153. 

Imaginary quantities, 593 — 600. 

Imperial slates, 1804. 

Impluvium of a Roman bouse, 247. 

Impossible quantities, 59S — 600. 

Imposts and arcbivolts of arcades, 2632. 

Imposts, pendent. Appendix, pp. 833, 834. 
837. 

Inch tool, mason’s, 1910. 

Inclination of rooft in various climates, 
2027—2030. 

Inclined plane, 1293 — 1306. 

Indian architecture, similarity o^ to Perse* 
poUtan, 55. Sir William Jones’s opinion, 
on, ib. 

Indra Sobba, column of, ib. Apartment of, 
56. 

Indra, temple of, at Ellora, ib. 

Infinite decimal fractions, 783 — 796. 

Ingelramme, employed 'on cathedral of 
Notre Dame at Rouen, 516. 

Inigo Jones, 425. 

Inigo Jones, door by, 2743. 

Inigo Jones, window, by, ‘2770. 

Inside bead of sash frames, 2147. 

Inside linings of sash frames, 2147. 

Insula in Romw domestic ' architecture, 
what, 253. 

Integers, properties o^ as reiq>ects their di- 
visors, 540- — 543. 

Interaxal divisions In a design, 2842. Pre- 
vent false bearings, -2843. . Applied to 
the Villa C^pra, ib. Great use in, 2844. 
Used by Gothic architects, 2845. Ob- 
ligations to Durand for introduction of, 
2846. Number in difl^rent apart- 
ments, 2848. Columns of, how arrai^ed 
in apartments, 2849. Applied in de- 
signing churches, 2875. 
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latercolummaUoQ, 2605, €t teq. Different 
species Of the Doric order, ih. 

Of the Tuscan order, 2606. Of the 
Ionic order, 2607. Of the Corinthian 
order, 2608. Vignola’s practice, 2610. 
Cases of wide, 2613. Araeostyle, 2613. 
To be of equal width, 2614 — 2616. 

Interest, calculation of, 797 — 810. Solution 
of problems in, 811—815. 

Interiors of buildings, beauty of, 2504, 
2505. 

Interpenetration of mouldings. Appendix, 
pp. 831, 832. 

Intertie of a partition, 2025. 

Invalids, hospital of, at Paris, points of 
support o^ 1581. 

Inverted arches in foundations, 1885. 

Ionic arcade, 2624. With pedestal, 2630. 

Ionic order, intercolumniations of, 2607. 

Ionic order, origin of, according to Vitru* 
▼ius, 140i 2573, et »eq, Vignola’s prodle 
ofi 2574. Table of parts of, *6. Parts 
of, to a larger scale, 2575. Volutes of, 
described, 2576. Profile of, by Vitru- 
vius, 2577. By Palladio, 2578. By 
Serlio, 2579. By Scamozzi, 2580. Gre- 
cian, principal examples of, 2581. In the 
temple on the Ilyssus, t6. Table of the 
parts in the temple on the Byssus, ib. 

Ionic order of the Greeks, height of Its 
columns, 154. Entablature, ib. Bases 
of, 156. Volute of, 157, 

Ionic order of the Romans, 260. Table of 
examples, tk. General proportion of, 
261. 

Ipswich, college at, 426. 

Irish, a colony of the first race of people, 11. 

Iron, 1754—1780. Three species of the 
ore, 1755. Mode of smelting, 1756 — 
1759. Manufacture of bar iron, 1760, 
1761. Malleable iron, 1762. Founding, 
1764 — 1766. Security fisr supporting 
weight, 1767. Soft grey, best sort, 1768. 
Test of goodness of cast, 1769- Varies 
in strength, 1770. Transverse strength 
of, 1771 — 1774. Points relative to loads 
on beams of, 1775 — 1777. Cohesive 
strength o^ 1779, 1780. Weight of cast 
and bar, 1780. 

Ironmonger’s work, in specifications, 2286. 

Ironmongery and smithery, 2253. 

Iron work, how preserv^ from aedon cff* 
moisture, 2264. 

Irrational numbers, 583 — 592. 601— 605. 

Irrational powers, expressed by infinite 
series, 712 — 718. 

Irrational quantities, ca^uladon 693— 
698. 

Italian architecture, 323, et seq, 

Italy, principal cathedrals and tbeir 
dates, SIS. 

Ivan IV. of Russia, a great patron of the 
arts, 375. 

Ivan VaHki, eddnated clock towor in Mos- 
cow, 375. 

Ivara, filippo, a very celebrated architect 
of Spain, 372. 


J. 

Jacchetti, a pupil of lyara, a Spanish archi- 
tect, 372. 

Jack plane, plumber’s, 2212. 

Jack rafters, 2035. 

James, John, an architect of reputation, 
temp, George I., 505. 

Jamroet, Mons., house at Paris, design for, 
by Thorpe, 440. 

Jannin House near Paris, design for, by 
Thorpe, 440. 

Jansen, Bernard, an architect, temp, Elisa- 
beth, 442. 

Jedburgh Abbey, 431. 

Jerusalem, temple of, constructed by Solo- 
mon, described ; curious notion about, of 
Villalpanda, 52. A smal^ building, ib. 
Its columns, ib. 

Jib door, what, 2130. 

JoffVed, ^bot of Croyland, 392. 

Joggles in carpentry, 2009. 

Juggles in stone stairs, 1927. 

John of Gaunt’s gateway at Lancaster 
Castle, 416. 

John of Padua and his followers, 425. 

John VI, (Pope), arts under, 281. 

Joiner’s work and mode of measuring, xa- 
lue of labour of, 2351 — 2369. 

Joinery, articles valued by running foot, 
v^ue of labour of^ 2368. 

Joinery, 2100, et eeq. Defined, 2100^ Tools 
used in, 2102 — ^2124. Mouldings, 2126 
— 2129. Wood used for, 2124. Doors, 
2130—2145. Shutters, 2146—2148. 
Hingeing, 2149 — 2163. Sash frames 
and sashes, 2164, 2165. Grounds, 2166, 
2167. Floors, 2168 — 2173. Framing, 
2174,2175. Stairs, 2176— 2186. Hand- 
rails and curtail steps, 2187—2192. 
Formation of bodies by joining with 
glue, 21 93 — ^2208. 

Jointer, bricklayer’s, 1890. 

Jointing rule, 1890. 

Joists. See under tbeir several beads of 
“ Ceiling,” “ Binding,” ** Bridging," 
“ Trimming," “ Common,” &c. 

Jones, Inigo, account and his works, 454 
— 464, inclusive. 

Julian patronised the art, and extent of his 
patronage, 203. 

Junoi, Ionic temple of, at Samos, 1 53. 

Jupiter Olympius, temple of, in Sicily, de- 
scribed generally, 148. 

J upiter PanbeUenius, temple ofr at Egina,146. 

Jupiter Stator, Corinthism temple of, in 
the Campo Vaccino at Rome, 206, 

Jupiter, temple ofr at Olympia, an early 
temple, 141. 

Jupiter Tonans, Corinthian temple at 
Rome, 209. 

Justin, architecture under, 272. 

Justinian, arcbitecture under, 272. His 
architects, Anthemius and Isidore, ib. 
Restored Byzantine palace, ib. Fortifi- 
cations in Europe and Asia, ib. 
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K. 

K^la^a, temple of, at Ellora, 56. 
Keddlestone Hous^ Derbyshire, by Adam, 
517. 

Keddlestone, in Derbyshire, form of, 2996. 
Keep of a castle, wbat, 394. 

Kelso Abbey, 431. 

Kelston House, date and founder, 446. 
Kenilworth Castle, 39S. 414. 

Kenilworth, large sum spent on, b)' Lord 
Leicester, 438. 

Kenilworth House, date and founder, 446. 
Kenilworth, palace at, 423. 

Kenninghall, Norfolk, mansion at, 426. 
Kenningt<Hi, palace at, 423. 

Kent, William, architect, temp. George II., 
511. His works, 

Kent, window by, 2772. 

Kerrich, Mr., his opinions on pointed ar- 
chitecture, 302. On Milan Cathedral, 
318. 

Kief, church built at, in the time of Vladi- 
mir, 375. Convent of Petchorsky, ib. 
Killing knote in painting, 2268. 

Kiln-burnt bricks, 1817. 

Kimbolton, Hants, palace at, 426. 

Kingpost, 2031. 

Kin^s College, Cambridge, 2904. 

King*s College, Cambridge, Appendix, pp. 

835. 838. 845. 

King closer de6ned, 1 896. 

King's Langley, Herts, palace at, 426. 
Kirby, John, house for, deugned by Thorpe, 
440. 

Kirkham, in Yorkshire, conventual church 
of, 421. 

Kirkstal, conventual church of, 42. 

Kit’s Cotty House, between Maidstone and 
Rochester, 23. 

Knob glass, 1870. 

Knots in painting, to kill, 2268. 

Knowle House, date and founder, 446. 
KoiXov, or cavea of the Greek theatre, 172. 
Kremlin at Moscow founded, 375. 


L. 

Labra of the Roman baths, 235. 

Laconicum of the Roman baths, 235, 236. 
Ladies* slates, 1807. 

Ladles, plumber's, 2212. 

Lake Albano, small building at, niches in, 
2775. ^ 

Lancaster CasUe, 398. John of Gaunt’s gate- 
way at, 416. 

I^cet, Gothic, origin of the term, 405. 
Lancet-headed windows, why so called, 
303. 

Landings in stone stairs, 1929. 

Lanercost, conventual church of, 407. 
Langhans, a German architect, 366. ' 
Lansdowne House, B^keley Square, by 
Adam, 517. 

L^ of a slate, 2211. 


Lapo, ao early German architect, 365. 

Lararium of a Roman bouse, 253. 

Lastringham, capital from, 390. 

Latches, different sorts, 2262. 

Lathing, 2238. 

Lathing hammer, tiler’s, 1908. 

Lathing staff, tiler’s, 

Lath layed, plastered, and set, 224]. 

Laths, for tiling, 2301, 2302. 

Laths, plasterer’s, different sorts, 2238. 

Latterkin, glazier’s, 2228. 

Launceston Castle, 398. 

Lavatio, frigida et calida, of the Greek 
gymnasium, 175. 

Lavenham, parochial church o^ 42L 

Law courts. See “ Courts of Law.” 

Layer Mamey, Essex, 426. 

Laying, plasterer’s, 2239. 

l.ead, 1781 — 1786. Heaviest of metals ex- 
c^t gold and quicksilver, 1781. Specific 
gravity, &c., tT>. altered by exposure 
to air and water, 1782. Of two sorts, cast 
and milled, 1783, 1784. Manufocture 
of milled lead, 1784. Thicknesses and 
weights of sheet lead, 1785. Pipes ib. 
For glaziers, 1786. 

Leases on lives. Appendix, p. 884. 

Lebrun, M., his analysis of loads and weights 
of an order, 2524. 

X^ebrun’s theory as respects arcades, ^18, 
2619. 

Leicester, Roman wall at, S82. 

Le Mercier, a French architect of talent, 
359. 

Leo the Isaurian destroys statues, 272. 

Leon, in Chinese architecture, described, 100. 

Lescot, one of the early French architects, 

357, 358. 

l^escot’s works at the Louvre, 358. 

Letters, transposition of, for powers of com- 
pound quantities, 707 — ^711. 

Le Veau, a French architect, eng^ed on 
the Tuileries, 357. 

Le Veau, Louis, associated with Perrault 
in building the Louvre, 359. 

Levd, bricklayer’s, 1890, 

Lever, properties of, 1265— 1269. 

Lias, blue, 1843. 

Libraries. See “ Public Libraries.” 

Lichfield Cathedral, 421. Founders wnd 
dimensions of, 434. 

Lichfield Chapter-house, doorway, App^tdix, 
p. 844. 

Liemes, Appendix, p. 835. 

Light, area of, in Pantheon at Rome, 2747. 

Lighthouses, 2924, et seg. Built at an 
early period, 2925. Jacob Bryant on, 
2926. Pharos of Alexandria, 2927. Of 
Corduan, 2929. Eddystone, 2930. North 
Foreland, 2931. 

Lights, leadwork for, 2227. 

Ligorio, Pirro, architect of the Villa Ka at 
Rome, 345. 

Lime, measures of, 2303. 

Lime, 1840—1857. What, 1840. Varie- 
ties limestone, 1841, 1842. Dorking 
and Merstbam lime, 1843. Lbs of So- 
3Z2 
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mersetshire, t&. Of Sund^land, ib. 
South l^ields, Brown most esteemed, 
1844. Limestone, how to analyse, 1845. 
Burning, 1846, 1847. Best that which 
heats most in slaking, 1849. Use offish, 

. 1850. Limestones examined by Smeaton, 
1851. Forming mortar from, 1852 — 1857, 
Proportion of, to sand, 1853. 

Lincoln Castle, 894. 398. 

Lincoln Cathedral, 396. 406. 421. Founders 
and dimensions of, 434. 

Lincoln Chapter>house, Appendix, p. 837. 

Lindisfame, church built at, 388. 

Line pins, bricklayer’s, 1890. 

Linings, value of labour of, 2368. 

Listel or Annulet, 2532. 

Llanphey Court, castellated palace at, 413. 

Idantony, conventual church of, 398. 

Loads and supports in an order, equality 
of, 2524. Principles of proportion for 
the orders, 2525, ^ Meq. In tetrastyle, 
bexastyle, and octastyle temples, 2528. 
Concordance with the laws ^ven by Vi- 
truvius, 2529. Ancient examples of, 
2531. Principles applied to points of 
support, ib. 

Lock rails of a door, 2130. 

Locks, different sorts, 2261. 

XiOgan or rocking stones celebrated one in 
Cornwall, 25. 

Logarithmic tables, 639, 640. 

lx>garitbms, 632 — 638. Method of ex- 

pressing, 641 — 654. 

Aoyctoy, of the Greek theatre, 172. 

Lomazzo, his work translated into English, 
438. 

Lombards overrun Italy, their civilisation 
and works, 280. 

London buildings, commission tentp, 
James I. to prevent, on new foundations, 
457. 

Longford Castle, Wilts, derigned by 
Thorpe, 440. 452. 

Longleat House, date and founder, 446. 

Long Meg and her daughters, circle of, in 
Cumberland, 16. 

Loriot’s cement, 1865. 

Lorsch, convent o^ 283. 

Louis XII., of France, acqumnted with 
the arts of Italy, 358. 

XfOuis XIV., extevaganccs of style under 
the reign of, reprobated, 2604. Works of 
architects under, 359. 

Louvain, Hotel de Ville, 2898., Appendix, 
p. 848. 

Louvre and Vieux Louvre, Paris, lighting 
of, 2916. 

Louvre, fo 9 ade of, 359. 2613. 

Lowth, parochial church 421. 

Lozenge ornament, 397. 

Ludlow Castle, 394. 398. 

Ludlow, parochial church of, 408. 421. 

LttUing^ne, Kent, design for, by Thorpe, 
44a 

Lunett^ what, 1955. 

Lainghi Onorio, 342. 

Luxor <Egypt% temple at, 81. 


Lynn, St. Nicholas^ doorway. Appendix, p. 
844. 

Lyons, hospital at, 2887. 

Lysicrates, choragic monument of, 163. 


M. 

Machuca, a Spanish architect of the age of 
Charles V., 368. 

Madrid, palace at, 368. 

Madurah, tchoultry or inn at, and temple 
there, 61. 

Maestricht, town hall at, 2897. 

Magdalen College, Oxford, chapel, 421. 

Mahadeo, temple at Ellora, 56. 

Maidstone, parochi^ church of, 408. 421. 

Maison Carr^, temple at Nismes (Co- 
rinthian), 212. Niches at, 2775. 

Mallet, mason’s, 1909. 

Mallet, plumber’s, 2212. 

Manchester College, 421. 

Manorial houses, of timber, ^ort account 
of, 439. 

Mansard roof, 2035. 

Mansart, Jules Hardouin, architect in 
France, temp, Louis XIV., 359. 

Mansions, few of the Tudor age now exist, 
429. 

Marble Hill, Twickenham, by Earl of Pem- 
broke, 508. 

Marble, what, 1673. External characters 
and constituent parts, 1674. May be 
burnt into quicklime, 1675. Different 
varieties of ancient and modem, 1676— 
1683. 

Margins of the xystus, 175. 

Marl stocks, 1821. 

Marsh, an architect mentioned by Vertue, 
465. 

Mars Ultor, Corinthian temple at Rome, 
2 \ 0 . 

Martinelli, employed In Germany, 365. 

Mason’s marks. Appendix, pp. 821, 822. 

Mason’s work, in specifications, 2284. 

Mason’s work, how measured, 237a Values 
of labour of, 2373. 

Masonry, 1909 — 1956. What, 1909. Tools 
used in, 1909, 1910. Stone waUIng, 1916 s 

1924. Footings of stone walls, 1916. 

Foundations of same, 1917. Rubble 

, walls, ib. Ashlar facing, 1918, 1919. 
Columns, 1925. Stairs, 1926 — 1929. 
Geometrical stairs, 1927—1929. Scien- 
tific operations of stone-cutting, 1930, ei 
feq. Construction of arches and simple 
vaults, and their groins, 1931. To draw 
elliptic arch and find the joints, 1 934 — 
1937, To draw Gothic arch and find 
joints, 1938 — 2941. To draw rampant 
Gothic arch and find the joints, 1943. 
Construction of intersecting vaults and 
groins, 1944, etseq. Dome vaulting, 1956, 
et teg. 

Masques, decorations for, designed by Inigo 
Jones, 460. 

Massimi Palace, arcade at, 2635, 
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Materials, crushing weight of, 1500. 

Mathematics, generally deBned, 523. 

Mattel Palace at Rome, windows at, 2758. 

Mausoleum of King John, Portugal, 321. 

Mayence, cathedral of, 287, 288. 

Measuring and estimating, 2295, et aeq. 

Measuring brickwork, 2295, et aeq. 

Measuring digging, 2298. 

Measuring rule, plumber’s, 2212. 

Measuring tiling, 2301, et seq., 2316. 

Mecca, houses, how built, 131. 

Mechanical arts, not absolutely necessary to 
progress of architecture, 9. 

Mechanical carpentry, 1598 — 1635. Woods 
used in, 1593 — 1595. Weights of wood 
in the same tree, 1597. Timber, expert* 
ments on, 1598, et seq. Cohesive force 
of timber in direction of Us length, 1 598. 
Strength of wood in an upright position, 
1600 — 1602. Horizontal pieces of tim* 
her, 1603 — 1613. Tables of experiments 
on timber, 1613 — 1624. Tables applied 
to other timber besides oak, 1624 — 1635. 
Method of using tables for horizontal 
timbers, 1625, 1626. The same, for ver- 
tical bearing timbers, 1627 — 1629. The 
same for obtaining the absolute or co> 
faesive strength, 1630 — 1632. Strength 
of timbers in an inclined position, 1633 
— 1635. 

Mechanics and statics, general observations 
and definition, 1240—1243. Parallelo- 
gram of forces, 1244 — 1259* Of the 

lever, 1260 — 1265. Centre of gravity, 
1266 — 1268. Centre of gravity of lines, 
1269—1274. Centre of gravity of sur- 
faces, 1275 — 1280. Centre of gravity of 
solids, 1281 — 1290. Centre of gravity 
of irr^ular solids, 1291,1292. Of the 
inclined plane, 1293 — 1306. Of the 

wheel and axle, 1307 — 1314. Of the 
pulley, 1315 — 1320. Of the wedge, 
1321—1323. Of the screw, 1324 — 1330. 
Of friction, 1331 — 1341, Values of 
moving powers, 1342—1352. 

Mediaeval architecture, division of styles, 
Appendix, p. 830. 

Medicean Library at Florence, 2910. 

Meilan, Chateau de. Appendix, p. 853. 

Melrose Abbey, 431. 

Melton Mowbray, parochial church 
421. 

Melton, parochial church at, 398. 

Members, what, 2129. 

Memnonium, statues of, described, 85. 

Menilmontant, abattoir of, at Paris, de- 
scribed, 2935. 

Mensuration, defined, l'212, 1213. To find 
the area of a parallelc^ram, 1214. To 
find the area of a triangle, 1215. To find 
the area of a trapezoid, 1216. To find 
the area of any trapezium, 1217. To find 
the area of an irregular polygon, 1218. 
To find the area of a regular polygon, 
1219. To find the diameter and circum- 
feirence of a circle, 1220. To find the 
length of any arc of a circle, 1221. To 


find the area of a rircle, 1222. To find 
the area of a circular ring, 1223. To find 
the area of the sector of a circle, 1224. 
To find the area of the segment of a 
circle, 1225. To find the area of an 
ellipse, 1227. To find the area of a pa- 
rabola or its segment, 1228. Of solids, 
1229 — 1239- To find the superficies of a 
prism, 1231. To find the surface of a 
pyramid or cone, 1 232. To find the sur- 
face of the frustum of a pyramid or cone, 
1233. To find the solid content of any 
prism or cylinder, 1234. To find the 
content of any pyramid or cone, 1235. 
To find the solidity of the frustum of a 
cone or pyramid, 1236. To find the sur- 
fitce of a sphere or any segment, 1237. To 
find the solidity of a sphere or globe^ 
1238. To find the solidity of a spherical 
segment, 1239- 

Merab, extraordinary reservoir of, 118. 

Mereworth, in Kent, by Campbell, 504. 

Mereworth, villa at, 3000. 

Merton College Chapel, Oxford, 421. 

Meta of the Roman circus, 240. 

Metopa?, origin of, 135. 

Meulan, Waltier de, employed on Abbey of 
Bee, in Normandy, SIO. 

Mexican pyramids, 111, 112. 

Mexico, city of, described generally, 117. 

Mews, late at Charing Cross, arcade at, 
2635. 

Miao, or idol temples in Pekin and en- 
virons, 104, 

Michel Angelo, door by, 2740. 

Michelozzo, pupil of Bruaelleschi, 323. 

Middleburg, in Yorkshire, 423, 

Middlebam Castle, 398. 

Middle panels of a door, 21 SO. 

Middle rails of a door, 2130. 

Middle stiles of a door, 2130. 

Milan, cathedral at, described, 318, 322. 

Milan, hospital at, 2975. 

Milan Theatre, 2958 — 2967- 

Military architecture, from Edward 111. to 
close of York and Lancaster contention, 
4K8. 

Milled lead, 1783. 

Milton Abbey, Dorset, conventual church 
of, 407. 

Minaret, introduced by Alwalid IL, 119- 

Minerva Medica, temple c^, at Rome, 
214. 

Minerva Pol Us, Ionic temple at Athens, 
153. 

Minerva Polias, Ionic temple of, at Priene, 
153. 

Minerva, temple of, at Sunium, 150. 

Ministers, Engli^, care little about the 
arts, 364. 

Mint, at Paris, 2887. * 

Mint, at Venice, by Sansovino, 351. 

Minyas, king of Orchomenus, treasury of, 37. 

MitU, palace in tfie district of Oaxaca» 
115. 

Mitre box, 2122. 

Mitre Square, 2124. 

3 7. 3 
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Modiilions, centres SOI 2 — 2614. 

Module, what, 2550. 

Moenianum of an amphitheatre, 228. 
Mondra^ne, arcade at, by Vignola, 2640. 
Montague House, now British Museum, 
466. 

Montague House, Portman Square, by 
Stuart, 516. 

Montecchio Villa, cornice of, 2725. 
Monument of Arcbbisb(^ Stratford, Can- 
terbury, Appendix, p. 838. 

Monument of London, description of, and 
cost, 486. 2603, 

Monuments, sepulchral, of Elizabethan 
architecture, 449. Of RatcUffe, Earl of 
Surrey, ib. Of Dudley, Earl of Leicester 
at Warwick, ifc. Of Carey, Lord Huns- 
don, ib. Under James I., 453. 

Mora, Giovanni Gome* de, succeeded 
d*Herrera at the Escurial, 371. 

Morard, abbot of St. Germain des Pres, 289. 
Morecroft, Dr., architect mentioned in 
Salmon*s account of Essex, 466. 

Moresque, or Arabian architecture, 118, et 
seq., 272. DecHne of, 128. 

Mortar, 1852— 1857. Mode of making, 

18^. Blue, 1855. Ashes mortar, 1856. 
Scales of iron in, 1 857. Liquid or grout, 
1860. 

Mortar and plaster, adhesive power of, upon 
stones and bricks, 1494 — 1499. 

Mortar beds, should be thin, 1900. 

Mortise gauge, 2120. 

Mortises, 2008. 

Mort<m Hall, representation of, 439. 
Moscow, an inrignificant village in 1154, 
375. Capital of the empire in 1304, ib. 
Mosque, first, erected, out of the limits of 
Arabia, 119. 

Motion, centre o^ 1241. 

Mould, bricklayer’s, 1890. 

Mould Gr^wold, parochial church o^ 421. 
Mouldings in joinery, 21 26 — ^21 29. 
Mouldings, penetration of, Appendix, pp. 

831, 832. 

Moulthngs, Roman, contours of, 268. 
Mouldings, wood, value of labour oi^ 2368. 
Mouldings, Ovolo, Echinus, or Quarter 
round, 2532. Talon or Ogee, ib. Cyma, 
Cyma recta, or Cynmtium, ib. Torus, ib. 
S^ia or Trodulos, t6. ^vetto. Mouth 
or Hollow, tb. Casement, tb. Astragal, 
Bead, or Baguette, ib. Rllet, Listel, or 
Annulet, ib. Proper places of mouldings, 

2533. Their contours, how to describe, 

2534. Omaments o^ 2535. How they 
should be arranged, tb. 

MouIuks prismatques, Appradix, pp. 831, 

832. 

Mount Surrey, near Norwich, mansion at, 
•426. 

Mouth or Hollow, 2532. 

Mujelibe, Babylon, to wbat applied, 39. 

Descr^tion i/S, 3^. 41. 

MultipUeatnm of simple quantities, 527 — 
531. 

Mumcby Glyptotek and I^aeotek, 2918. 


Museums, 2913, rt teq. That founded by 
Ptolemy Philadelpbus, 2913. Becoming 
common in this country, 2914. Mode of 
lighting, 2915, 2916- Containing several 
classes objects, 2917. Vatican, 2918. 
British Museum, 2918. Uffizi at Flo- 
rence, ib. Portici, ib, Paris, ib. At 
Munich, %b. Form for general distribu- 
tion, 2919. 

Mycenae, walls of, were Cyclopean, 28. 30. 

S3, 34. Treasury at, 36, 

Mylne, Robert, architect, Ump. George 
III., 521 


N. 

Nail head, ornament, 397 

Naked flooring, 2013. How measured, 2334. 

Nancy, palace at. Appendix, p. 849. 

Napoleon column, at Paris, 2603. 

Naumann, a German architect, 366. 

Nave, bays of, dependent on apsis, Appen- 
dix, p. 824, 

Nebuchadnezzar's prison, same as Bin 
Neroroud, 40. 

Nebule, ornament, 397. 

Negative powers, resolved, 719—726. 

Nerta Chabei, or temple of joy and eternity, 
58. 

Netley Abbey, conventual church of, 407. 

Neuman, a German architect, 365. 

Neville, Sir Henry, bouse designed for, by 
Thorpe, 440. 

Newark-upon-Trent, parochial church 
421. 

Newcastle, Duke of, bouse for, in Lincoln's 
Inn Fields, 465. 

Newcastle-upon-Tyne Castle, 394, 398. 

New Collie Chapel, Oxford, 421. 

Newdi of stone stairs, open and solid, 1926. 

Newgate prison, built by Dance, 521. 

New Grange, near Drc^beda, in Ireland, S5. 

New Sboreham, parochial church at, 398. 

Niche, to form, in joinery, 2197. 

Niches and statues, 2773, et 9eq. Niches 
not found in early Greek works, 2774. 
At the Maison Carree, and other places, 
2775. Their decorations, 2776. Rules 
for proportioning, 2777. Tiers of^ in 
stories, 2778. Chambers's rules for niches, 
2779. Depth 2780. Examples ol; 

"'2781—2787. 

Niches, brick, 1905. 

Niches, construction of, in carpwitry, 2066, 
2067. 

Nidging, in masonry, 1915. 

NUometer, opposite the rocks of E’Sooan, 
91. 

Nonsuch, Surrey, palace at, 426. 

Norba, Cyclopean remains at, 32. 

Norman and Saxon styles difference be- 
tween, 397. 

Norman architecture, 383. 392, et teq. Cha- 
n^eristira of, 397. Example o^ 398. 

Norman bishops, and their works, 396. 

Norman cathedrals 396. 
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Norman churches, 290. 

Norman columns, S97. Arch^> ib. Arches 
of entrance, ib, Windows, ib. Ceilings, 
ib. Walls, Omameuts, ib. Flans, ib. 

North Foreland lighthouse, 2931. 

Northumberland House, by Chrbmaa and 
Jansen, 442. 

Norwich Castle, 393, 394. 

Norwich Cathedral, 398. 421. Founders 
and dimensions of, 434. 

Nosing of stmrs, 2180. 

Notre Dame de bonnes Nouvelles, at Or* 
leans, ch—rs 289. 

Nottingham Castle, 423. Works by Marsh, 
466. 

Nubia, temples and remains of, 92. 

Nympha?a Lotus, or water-lily, source of 
Egyptian ornament, 87. 


O. 

Observatories, 2920, ei seq. At Paris, 2920. 
A regular observatory, what, 2921. That 
at Edinburgh described, ib. Piers of, 
how constructed, 2922. That of Sir 
James South, ib. Situations of, should 
be dry, 2923. 

Observatory at Paris, built by Petrault, 
359. 

Octastyle temples, 2528, et teq. 

Odilo, abbot, commenced cathedral at 
Chartres, 289. 

Odoacer, annibiiatioo of the arts on inva- 
sion of, 276—278. 

0£cus of a Roman house, 252. Several 
species of, *6. That called Cyzicene, ib. 

(Billet boles, at Carnarvon Castle, 402. 

Offices of government. See Government 
Offices.” 

Ogee, 2129. 

Old Louvre, windows from, 2760. 

Old Somerset House, ground plan, 440. 

Olotzaga, an early architect of Biscay, 367. 

Oppenheim, church at, dedicated to St. 
Catherine, described, 304. 

Orchestra, of a Roman theatre, 226. Of 
the Greek theatre, 172. 

Order, Tuscan. See “ Tuscan Order.’ 
Doric, see “ Doric Order.” 

Orders above orders, 2642, et seq. Vitru- 
vius thereon, 2643. Scamozzi’s rule, 
2644. Laws of solidity respecting, 2645. 
Axes of upper and lower columns, bow 
placed, 2646. Disposition of, according 
to Chambers, 2647, et eeq, Doric above 
Tuscan, 2648. Ionic above Doric, 2649. 
Corinthian above Ionic, 2650. Com- 
p<^te above Corinthian, 2651. Most 
eligible intercolumniations, 2652. 

Orders, character of the different, 25S8, et 
seq. Doric, Ionic, and Corinthian, 2539- 
Sir Henry Wotton’s description of them, 
2540. Invention of new ones, 2541. 
Entablatures, height of, in, 2542. 

Orders, mode of measuring them, 2550. 
Application of, 2552. 


Orders oi architectuie, 2523, et »eq. Con- 
sist of essential and subservient parts, 
2523. Are five in number, ib. Mc^e of 
profiling an order, ib. Lebrun’s analysis 
of loads and supports in an order, 2524. 
Principles of proportion as to loads and 
supports, 2525, et seq. Systylos inter- 
col umniation produced by such prin- 
ciples, 2527. Principles of load and sup- 
ports carried into fetrastyle, hexastyle, 
and octastyle temples, 2528, et seq. Con- 
cordance thereof with the laws given by 
Vitruvius, 2529. Ancient examples of 
different orders in verification of the 
theory, 2531. Principles applied to 
points of support, ib. Tuscan, 2553. Do- 
ric, 2560. Ionic, 2573. Corinthian, 2582. 

Composite, 2591. 

Orford Castle, 398. 

Orgagna, loggia of, at Florence, plan and 
devation, 327. 

Oriel window, where used in halls, 415. 

Orleans, churches at, 289. 

Orleans, Hotel de Ville, Appendix, p. 850. 

Ornament, a non-essential in architecture, 

2826. 

Ornamented English architecture, 409, et 
seq. Subdivided into two sras, 410. 
Flourished notwithstanding civil wars, 
411. Characteristics of, 420. Examples 
of, 421. 

Ornaments of mouldings, how to arrange, 
2535. How to be cut, 2536. Degree of 
relief they should have, 2537. 

Ornaments of the Grecian edifices suitable 
to tbeir destination, 164. 

Orvieto, cathedral at, 318. 

(Hterley House, date and founder, 446. 
Anecdote relating to, 447. 

Ostiarius of a Roman bouse, where sta- 
tioned, 246. 

Osymandyas, tomb according to Dio- 
dorus, 85. 

Outline, the fundamental principle of draw- 
ing, 2386. 

Outside linings of sash frames, 2147. 

Outside stiles of a door, 2130. 

Ovens, &c. , how measured, 23 1 4. 

Ovolo, 21 29. Echinus or quarter round, 
2532. 

Oxford Castle, 394. 398, 

Oxford, palace at, 423. 

Oxford, public schools designed by 
Holte, 444. First who introduced the 
classical orders, 444. 451. 


P, 

Packing, in masonry, 1921. 

Psestum, great bypsthral temple of, 149. 

Page, Sir Gregory, house for, at Black- 
heath, by Jam^ 505. 

Pagodas, or Chines^ towers, that of Nan- 
king described, 10^. That of Honang, 
in the southern suburb of Conan, at Can- 
ton, described, 104. 

3 Z 4 
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Paine, an architect, temp, Ge<»ge III. His 
woricSf 514- 

Painter’s tools, S26& 

Painter's work, in ^ecification^ 2290. Me- 
thod of estimating, 2379. 

Painting and sculpture, intimately con- 
nected with architecture, 68. Much used 
in ornamented English architecture, 412. 

Painting, coats in, how laid, S268. 

Painting, gilding, and paper-hanging, 2267 
—2278. 

Painting, in Egyptian architecture, 86. 

Paintings on wadis, as decorations, 2519. 

2522. 

Palace at 'Westminster, 423. At Oxford, ib. 
At Woodstock, tb, Kensington, ib. 

Palaces, 2877, et seg. That of Caserta de- 
scribed, 2877, 2878. That designed by 
Jones, for Whitehall, 2879, 2880. Tui- 
leries and Louvre, designed by Bernini, 
2881. Proper sites for, 2882, 

Palaces of Florence, 358. Of Rome, 345, 
344. 

Palaestra of the Greek gymnasium, 175. 

Palatial houses, list of Elizabethan, 446. 

Palazzo della Cancelleria, at Rome, 335. 

Palazzo Farnese, at Rome, 335. Elevation 
of, 343. 

Palermo, cathedral at, 319. 

Palladian school, in England, 464. 

Palladio, Andrea, some account of, and his 
works, 352 — 354. 

Palladio, window by, 2761. 2765, 2766. 

Palm-tree leaf, used in Egyptian ornament, 
and thesupposed peculiarity of thetree,87. 

Palmyra, extraordinary structures at, 196, 
197. Niches at, 2775. 

PandolBni Palace at Florence, 329. Ele- 
vation of, 2725. Cornice o^ i5. Window 
at, 2767. 

Fandoo Koolies, of Hindostan, what, 1 2. 

Panels of a door, 2130. 

Pansa, bouse at Pompeii, description and 
plan, 253. 

Pantheon at Rome, 215, 216. 262. 2547. 
Lighted from a very small aperture^ 
2747. Niches at. 2775. 2779. 2787. 

Pantheon of the Escurial, sepulchres of 
kings (^Sprin, 371. 

Pantheon or church of St. Genevieve at 
Paris, 361. Points of support of, 1581. 

Pantiles, 183S. 

Piantiles, table of the number required for 
a given quantity of work, 2321. 

Pantiling, 2302. 

PantoD, Mr., a bouse designed for, 440. 

Papautla, pyramid 113. 

Paperbanger*s work, in specifications, 2291. 

Paperhanger's work, method of estimating, 
2380. 

Paperiimiging, 2278. 

Parabcda, 1095-^1109; 

Parascenium of the Greek theatre, 172. 

Parastat«, 2671. 

Pardo, partly by Arroyo, as is supposed, 
368. 

Parigi, Alfonso and Giuiio, 331. 


Paris, Bourse or Exdumge at, 2943. 

Paris, Hotel de Ville at, 2897. 

Paris, street arcEiitecture of, 364. 

Paris, Hi^tre Itali^ 2958. Th6atrc 
Fran9ais, ib. 

Parker’s cement, 1863. 

Parma theatre, 2958. 

Parocona, temple of, at Ellora. 56. 

Parthenon, or temple of Minerva, at Athene 
141. 150. 258. 2570. 

Parting bead of sash fram^ 2147. 

Parting strip in sash frames, 2165. 

Partitions, how measured, 2336. 

Partitions of carpenti^, 2024, 2025. 

Partitions, value of labour of, 2350. 

Parts of an order, essential and subsOTien^ 
2523, 

Patent slating, 1809. 

Patrixborne, circular window at, Appendix, 

p. 842. 

Paving, how measured, 2372. 

Paving bricks, 1827. 

Paving tiles, 1839. 

Pay-leon, or triumphal arches of the Chi- 
nese, 107. 

Peace, temple of, at Rome, description and 
plan, 217. A type of the basilicm of the 
early Christians, ib. 

Peckings, 1823. 

Peckwater Quadrangle, Christchurch, Ox- 
ford, 490. 

Pedestals, 2599, et seg. Table showing 
their heights, ancient and modem, 
whether to be considered as component 
parts of an order, 2601. The parts 
whereof a pedestal consists) 2602. Dies 
of, how decorated, 2603. Employment 
of them, 2604. 

Pediment, origin of, 135. Observation of 
Cicero on, ib. 

Pediment, Roman, inclination of, 269. 

Pediments, 2715, et eeg. Of varied forms, 
2716. How they should be used, 2717, 
2718. Vitruvius’s rule respecting, 2719. 
Different-sized in same fo^ade to be 
avoided, 2720. Mode of connecting the 
horizontal and raking p^wts, 2721. 
Heights of, how regulated, 2722. Face 
of tympanum, bow disposed; 2723. 

Pegmata of the amphitheatre, 229. 

Pelican Office, Lombard Street, by Taylor, 
515- 

Pellet ornament, 397. 

Pembroke; Philip, Earl bis discreditable 
notes on Jones, 461. 

Penaria of a Roman house, 253. 

Pendentives defined, 2090. Conical, for 
coves to ceilings of '^uare rooms, 2091. 
To find springing lines of, 2092. Me- 
thod of coving a square room with sphe- 
rical, 2093. Intersections of ribs in, to 
find, 2094. 

Pendentives in dome vaulting, masonry, 
1 999, et aeg. 

Pendents, Appendix, p. 832, et aeq. 

Pendent imposts, Appendix, pp. 833, 834. 
837. 
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PenetratioD of Mouldings, Appendix, pp. 

83J, 832. 

Peniienttary at MiUbank, 2981. 

Pensburst House, date and founder, 446. 

Pentalpha, Appends, p. 822. 

Pergula of a Roman house, 253. 

Pericles, architecture of Greece under, 141. 

Peridromedes of the Greek gymnasium, 
175. 

Peristylium of the Greek gymnasium, 175. 
Of a Roman house, 245. 252, 253. 

Perrautt, architect of Louvre, some account 
of, 359, 360. 

Persepolis, or ruins of CheLMinar, 46 — 49. 
Architectural details of, compared with 
those of Egypt and Persia, 50. 

Persia, present architecture of, 51. 

Persians, 2682. 2684. 

Perspective, 2405 — ?2457. Definitions, 

2406. Methods of putting objects into 
perspective, 2408, et seq. Angle of vi* 
sion, 2444, et seq* Principles on which 
internal delineations are conducted, 2449, 
et seq. Mode of delineating cornices, 
2451, et seq. 

Petchorsky, at Kief, in Russia, convent of, 
375. 

Peterborough Cathedral, 396. 398. Found- 
ers and dimensions of, 434. 

Petersham, house at, for Lord Harrington, 
by Earl of Burlington, 510. 

Petra, ruins of, 3. 

Pevensey Castle, in Sussex, 391. 

Pharos of Aleiandria, 2927. 

Philip of Macedon, portico of, 151. 

Philip the Good, Appendix, p. 848. 

Phoenicia, architecture of, 9. 54. 

Phoenician architecture, 54. 

Piazza San Marco, Scamozzi’s plan, 355. 

Picolomini, Palazzo, at Siena, 329. Cornice 
of, 2725. 

Piers, 2734. 

Piers of mediaeval buildings, Appendix, p. 
839. 

Piers, rules for finding proper stability of, 
1563 — 1582. Of windows, 2754. 

Pigs of lead, 1782. 

Pilasters, 2671, ei seq. At Trevi, 2672. 
Projection of, 2673. When used with 
columns, 2674. Pilaster capitals, 2675. 
2677, et seq. Supposed to represent 
columns, 2676. Should be avoided at 
inward angles, 2680. 

Pilasters engaged, 2615. 

Piles, how measured, 2331. 

Pinacotheca, of a Roman house, 252, 253. 

Pipes, lead, weights of different sizes, 2215. 

Pirro Ligorio, employed on St. Peter’s, 
336. 

Pisa, cathedral at, stnd description of, 286. 
Baptistery 0^291,292. Campo Santo, 
291. 293. Campanile, i5. 

I^ina of the Roman baths, 235. 

Htcdiing piece in stairs, 206. 

Pitti, Palazzo, at Florence, 325. 329. 331 . 

Place bricks, 1823. 

Piac^tia Palace, at Greenwich, 423. 


Plain tiles, 1 835. 

Plain dies, table of the number required 
fi>r a given quantity of work, 2321. 

Plain tiling, 2301. 

Plane trigonometry, 1033— 1055. 

Planes, 969 — 978. 

Planes, jack, trying, long, jointer, smoothing, 

2102. Compass, forkstaff^ straight block, 

2103. Rebate, moving fillister, sash 
fillister, plough, 2104. Moulding, 2105. 
Bead, snipe bill, 2106. 

Plasterer’s work, in specifications, 2287. 

Method of estimating, 2376. 

Plastering, 2232 — 2252. 

Plastering, quantity of different materials 
in a given number of yards, 2248. 

Plate glass, 1874. 

plumber’s work, in specifications, 2288. 

Method of estimating, 2377. 

Plumbery, 2212 — 2224. 

Plumb rule, 1890. 

Podium of an amphitheatre, 228. 

Pointed arch, 397. 400- 
Pointed arch in Italy, 318. 

Pointed arch, origin uncertain, Appendix, 
p. 820. 

Pointed architecture : theories respecting, 
294 — 300. Whittington’s opinion on, 

300. Sir Christopher W’ren’s opinion 
on, ib. Ancients acquainted with, t6. 
Countries in which it appeared, 301. 
Prevailed in the East, ib. Its origin 
probably there, ib. Mbller’s opinions of, 
302. Appearance immediately after First 
Crusade, ib. Mr. Kerrich’s opinion of 
ori|pn, ib. Best age of, SOS. Charac- 
teristics of, ib. Alteration of style in 
character, 312, 313. 

Point, mason’s, 1910. 

Points of support, 1581 — 1583. 2531. Table 
of, in principal buildings of Europe, 

1583. 

Points of support in Gothic buildings. Ap- 
pendix, p. 827. Table of examples, p. 828. 
Points cf support of apartments, 2848, et seq. 
Pojana Palace, comice of, 2725. 

Pole plate, 2035. 

Polychromatic architecture, 2511, 2512. 
Polychrome architecture of the Greeks, 
171. 

Polyphili Hypnerotomachia, account of the 
work, 326. 

Pompei Palace at Verona, 350, 

Ponte, Giovanni da, 356. 

Pont St. Esprit, erected by Con&atemite 
des Fonts, 310. 

Pope, the poet, his ignorance of art, 491. 
507. 

Porchester Castle, in Hampshire, 391. 394. 
398. 

Port crayon, its uses in drawing, 2391, et 
seq. Applied to the whole figure, 2393. 
Porta del Pallio, Verona, 350. 

Porta, Jacopo della, employed on St, 
Peter’s, 336. 

Porta Nuova, at Verona, 350. 

Portcullis of a castle, what, 394. 
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Portid, museum of, 29l8. 

Portico of Sepdmius, 2547. 

Porticus of the Greek gymnasium, 175. 

Of the Roman house, 244. 253. 
Portugal, architecture of, 367, et seq. 

Powers in general, 606 — 610. Calculation 
of, 611 — 616. Representation of, by frac- 
tional exponents, 620 — 625. Methods of 
calculation of, and tbeirmutual connectioi^ 
626- 631. 

Pozzo, employed at Vienna, 365. 

Practical carpentry, 2003, et seq. See “ Car- 
pentry, Practical.” 

Practicd geometry, 996 — 1032. 

Praecinctio of the ^man theatre, 226. Of 
the amphitheatre, 228. 

Presence or privy chamber, 415. 

Priam’s palace had fifty chambers, 1 40. 
Fricking-up, plasterer’s, 2240. 

Priests, ridicule of. Appendix, p. 820. 
Primary Gothic, Appendix, p. 830. 
Principles of composition, 2825. 

Prior Farkf by Wood, 513. 

Prisons, 2977, et seq. Their particular des- 
tination, 2977. Essentials of, 2978, Re- 
quisites oi, according to Howard, 2979, 
29 WX Diat at Ghent, 2981. Peniten- 
tiary at Millbank, ib. 

Private buildings, general observations on, 
2983, et seq. Principles on which they 
should be designed, 2984 — 2989. In 

towns, 2990, et seq. Common houses of 
London, 2992. Of a grade higher, 2993. 
First class of, 2994. Burlington House, 
5^995. In the country, 2996, et seq. 
Keddlestone, ib. Holkbam, 2997. Villa, 
smallest size of, 2999. Those at Foot’s 
Cray and Mereworth, 3000. 
private houses of the Romans, 242. Earliest, 
only one story, ib. Later houses, 243. 
Splendour of them, ib. Parts of which 
they consisted, 244 — 255. Parts of, re- 
served for the frmily, 245. 

Procoeton of a Roman house, 252. 

Profiting an order, 2523. 2551. 

Progression arithmetical, 735 — 742. Sum. 

mation of, 743—748. 

Pit^p^ion, geometrical, 774 — 782. 
J^opigneum of die Greek gymnadum, 175. 
Proportion, 935 — ^9^7. 

Proportion, arithmetical, 732 — ^734. Geo- 
metrical, 754 — ^762. 

Proportion in architecture, based upon fit- 
ness, 2496 — ^2499, 

Proportion of the orders deduced from the 
loads and supports, 2524, et seq. 
Proportions of rooms, 2820, et seq. 

Fropylsea at Athens, plan and description 
oi 150. 

Proscenium of a Roman theatre, 226. Of 
the Greek theatre, 172. 

Prothymm of the Roman house, 246. 253. 
Public librarus, 2908, et seq. Requisites 
in, 2908. That at Trinity Collie, Cam- 
bridge, p>. Mode of wanning, ib. ' Of 
the Vatican, 2909. Medicean Library at 
Florence, 2910. St Mark’s, at Vraice, 


ib. At Paris, called Bildioth^ue du 
Roi, 2911. Of abbey of St. Genm^ve, 
ib, RadeUffe, at Oxford, 2912. 

Puling, described, 2247. 

Pulley, 1315 — 132a 
Pulley mortises, 2019, 2020. 

Pulleys, 2260. 

Pulpitum of a Roman theatre, 226. Of 
the Greek theatre, 172. 

Pumps, lifting, 2220. Suction, or common, 
2221. Forcing, 2222—2224. 

Purlin, 2035. 

Putty, difterent sorts used by glaziers, 

2231. 

Putty used by painters, 2275. 

Fuzzolana, 1867. 

Pycnostyle, intercolumniation, 2605—2609. 
Pyramids of Cheops, Cephrenes, and My- 
cerinus, Saccara, 74. Generally, 83. 
Pyramids of Ktoube el Meuschich, of brick, 
72. 

Pyramids of Mexico, 111. Of Cholula, 
112. Of Papautla, 113. Of Egypt, 72. 
74. 83. 

a 

Quarter paces in stone stairs, 1929. 

Quarter round, 2129. 2532. 

Quartered partitions of carpentry, 2024, 

2025. 

Queen closer defined, 1896. 

Queen posts, 2034. 

Queen’s College, Oxford', 2904. 

Quirk defined, 2106. 

Quirked bead, 2126. 

R. 

Radclifie Library, at Oxford, 2912. 

Raglan Castle, Monmouthshire, 426. 

Rails of a door, what, 2130. 

Rake, plasterer’s, 2233. 

Raker, bricklayer’s, 1890. 

Ramichouer, temple of, at Ellora, 56. 
Rammer, bricklayer’s 1 890. 

Rampant pointed arch, to draw and find the 
joints, 1943. 

Ran^ng of glass, 2226. 

Ratio, arithmetic^ 727 — ^731. 

Ration geometi'ical, 749 — ^751. 

Ratisbon, church at, 309. ^ 

Ravenna, buildings at, 272. 278 
Rayonnant, or secondary Gothic, Appendix, 
p. 830. 

Riding Abbey, 435. 

Redentore church del., at Venice, 354. 
Reed^ what, 2129. 

Relations, compound, 763 — .773. 

Relief to be given to ornaments, 2537. 
Renaissance, style of the, what, 323 — 329. 
Rendering, 2238. 

Rcredos, what, 415. 

Reveley, Willey, an architect, temp. George 
III., 521. 

Revett, Nicholas, mi lurchitect, temp, Gemrge 
UL. 516. 
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Rheiim and Salisbury cathedrals compared, 
315. 

Rbeims, ^thedral at, 310. 314. 

Riaho, bridge ot^ at Venice, 356. 
R.ib-pointed vaulting. Appendix, p. 836. 
Ricardi, Palazzo, at Florence, 327. 
Richborough Castle, in Kent, 391. 
R^hmond Castle, 394. 398, 

Richmond, entertauunent at, by Henry VI I., 
428. 

Richmond House at Whitehall, by Lord 
Burlington, 510. 

Richmond Park, new lodge by Earl of 
Pembroke, 508. 

Ridge piece, 2035. 

Rid^ tiles, 1836. 

Right lines and rectilineal figures, 876— 
907. 

Rimers, 2108. 

Ripley, Thomas, an architect, temp. George 
II., 507. His works, t5, 

Ripon Minster, conventual church of, 407. 
Riser of stairs, 2180. 

Rivaulx, in Yorkshire, conventual church 
of, 407. 

Robert the Pious, of France, architecture 
under, 289. 

Robison, Dr., on architects of 13th century. 
Appendix, p. 835. 

Rochester Castle. 394. 

Rochester Cathedral, 396. 406- Founders 
and dimensions of, 434. 

Rocking stones. See Logan Stones.** 
Rock'Worked rustics, 2669, 2670. 

Rod of brickwork, decimal parts of, 2320. 
Rod of brickwork, how to ascertain value 
of, 2314. Table of value of, at different 
prices, 2319. 

Rodrigo Gil, a Spanish architect, 367. 
Roibrich, circle of stones, in Oxfordshire, 16. 
Rollers brass, 2263. 

Rolls in plumbery, 2213. 

Roman architecture, character of, and ob* 
servations on, 258. 

Roman architecture, not an original species, 
182. Succinct history of, to 309 b. c., 
ib. At and after the time of Appius 
Claudius, 183. Under Ccesar, 186. Under 
Augustus, 187. Tiberius to Claudius. 
191. G^ba to Vitellius, 192. Vespa- 
nan and Titus, ib. Domitian to Nerva, 
t6, * Trajan, 193, Hadrian, ib. An- 
tonines, 194. Decline, 1 95, et seq. Under 
Dioclesian, 198, et Kq. 

Roman architecture revived but little under 
Valentinian II., 204. Honorius raised 
or repaired some basilicee at Rome, 204. 
Roman empire in the West ended in, 476. 
Roman brickwork, ancient, 1895. 

Roman or Parker's cement, 1863. 

Roman school, its character, S34. Period 
346. Principal masters of, ib. 

Roman temples of the quadrangular species, 
2C^, H seq. Of the circular ^>ecies, 214, 
217. 

Romanesque or Byzantine architecture, 
270, et seq. 


Romanesque style, Appendix, p. 830. 
Romans, private houses of, 245, 

Rome, palaces of, 343, 344. 

Rmne, principal churches o^ and their cha- 
racter, 342. 

Rome taken by Totila, and again united to 
Eastern Empire, 279. 

Roof, examination of strmns in, 2031. He 
beam, ib. Collar beam, ib. Sagging, 
bow prevented, ib. King post, what, ib. 
Truss, what, *5. Struts, what, ib. Prin- 
cipal rafters, framing 2033. Queen 
posts, 2034. Straining piece, ib. Man- 
sard roof, 2035. Common rafters in, 
tfe. Purlin, ib. Pole plates, ib. Ridge 
piece, ib. Hip rafters, ib. Jack rafters, 
ib. Scantlings of timbers for different 
spans, 2037 — 2040. Mode of framing for 
different spans, 2042 — 2045. Of St. 

Martifi’s-in-the- Fields, 2046. Of chapel 
at Greenwich Hospital, 2047. Of old 
Drury Lane Theatre, 2048. Dome of 
St. Paul’s, 2049. Roof of St. Paolo 
^ori le Mura, 2051. Delorme’s mode 
of framing domes, 2052. Lines for 
framing. 2053. Hips, to find the back 
of, 2054. Lines of, to find, 2053— 2057. 

Roofing, how measured, 2337. 

Roofing, value of labour of, 2350, 

Roofs of the edifices of Athens and Rome, 
176. 

Roofs, proper inclination of, in various cli- 
mates, 2027 — 2030. 

Rooms, proportions of, 2820, et seq. Height 
of, 2821. Height of galleries, 2822, 
Palladio’s rules, 2823, 2824. 

Roots, relatively to powers, 617—620. Of 
compound quantities, 688 — 692. 

Roseilini, Bernardo, employed by Julius II. 
for restoring basilica of St. Peter's, 335. 

Roslyn Chapel, erected by Sir William St. 
Clair, 431. 

Rouen, cathedral of Notre Dame at, SIO. 

Rouen, Palais de Justice, Appendix, pp. 850 
— 852. Hotel Bourgtheroude, pp. 851. 
852, 

Roughcast, 2249. 

Royal Exchange, new, 2941— >2943. 

Rubbed retams, 1890. 

Rubbing stone, bricklayer’s, 1890. 

Rubble wall defined, 1917. 

Rudstone Pillar, in East Riding of York- 
shire, 14. 

Ruiz, Ferdinando, a Spanish ardiiteet, 368. 

Rule, glazier’s, 2226. 

Rumsey, church of, in Hampshire, 396. 

Russian architecture, 374, et seq. Eccle- 
siastical, coeval with the introduction of 
Christianity in the country, 375. Churches 
built in the eleventh century, 375. 

Russian churches, type 377. 

S. 

Sacrificial stones, what, 22, 

Saffron Walden, parochial church at, 421. 

Sagging prevented, 2031. 
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Saint Mark, at Venice, library of, 357. ; and 
elevation tb, 

Salamanca, cathedral at, 367. 

Salisbury Cathedral, 314. And Rheims 
compared, 315. Comparison with that 
of Amiris, 315. Founders and dimen- 
sions of, 434. 

Salisbury Chapter-house, Appendix, p. 837. 

Salsette, excavation of, near Bombay, 57. 

Saltzburg Cathedral, designed by Scamozzi, 

355. 

San Carlos, theatre of, at Naples, 2967. 

Sand, measures of, 2304. 

Sand, river, 1858. Pit, 1859. 

Sanding, in painting, 2277. 

San Domenico di Silos, church and monas- 
tery of, 369. 

San Domenico, Palermo, walls at, 1535. 

San Fantuu^ at Venice, church of, 351. 

Sangailo, consulted on building St. Peter*s, 
335. Architect of Farnese Palace, 343. 

San Giovanni Battista, near Toledo, hos- 
pital of, 370. 

San Giovanni Laterano, doors of, 2735. 

San Lorenzo fuori le Mura, at Rome, 
church of, 281. 

San Mantino, gate of, at Toledo, 368. 

San Micbeli, some account of, and his 
works, 350. A military architect, t6. 

San Paolo fuori le Mura, at Rome, church 
of, 281. 

San Salvadore, at Venice, Scamozzi em- 
ployed on, 355. 

Sansovino, some account and his works, 
351. His architectural problem of the 
Doric frieze, 365. 

Santa Croce, college of, at Valladolid, 367, 

Suita Engracia at Saragossa, 367. 

Saracenic or Arabian architecture, 118, €t 
seq. Decline of, 128. 

Sarum, old^ cathedral, 396. 

Sash frames and sashes, 2164, 2165. 

Sash lines and weights, 2263. 

Sa^ tools, glazier’s, 2226. 

Sashes and frames, xalue of labour 
2368. 

SaToy, palace at, 423. 

Saw, a carpenter’s tool, 2003. 

Saw (the), not known to the Greeks, 7. 

Saws, ripping, half-ripper, hand, panel, 
tenon, sash, dovetuled, compass, keyhole 
or twining, 2115. Teeth of, 2116. 

Saxon and Norman styles, differenee be- 
tween, 397. 

Saxcms, arrival of, in Britain, 383. 

Scales and weights, plumber’s, 221 2. 

Scamozzi, Vincenzo, some account of, and 
bis wmrks, 355. His plan for Piazza San 
Marco, tb. Employed at Salzburg, 365. 

Seantle, what, 2210. 

Scantlings for joists, 2015 — 2022, For 

Orders, 2021. 

Sc^Qg, 2007. 

Scbdnbrun, palace at, 365. 

S«ography, 2458— -2484. See “ Sha- 

dows.** 

Scotia or Trochdos, 2532. 


Scotland, architecture o^ in time of the 
Saxons, 383. 388. Stone buildings in, 
high antiquity, 388. 

Scotland, Tudor examples of style in, 431. 

Screw, 1324 — 1330. 

Screw check, what, 2102. 

Screwy 2257. 

Scribe, bricklayer’s, 1890. 

Sculpture much used in the early Engfr^ 
style, 401. 

Sculpture rather than painting allied to ar- 
chitecture, 2522. 

Seams in plumbery, 2213. 

Secular architecture of France Appendix, 
p. 847. 

Segments of a circle, table of areas when 
the diameter is unity, 1225. 

Segovia, bridge of, at Madrid, 371. 

Segovia, cathedral of, 367. 

Selby, conventual church at, 398. 

Selby, Yorkshire, conventual church of, 
421. 

Selinus or Selinuns, city of, in Sicily, 
147. 

Semiramis, works of architecture attributed 
to, 9. 

Semits of the xystus, 175. 

Seraglio, reception room o^ 182, 

Serlio, door by, 2744. 

Servandoni, an Italian architect, employed 
on St, Sulpice, at Paris, 362. 

Service pipes, 22 1 5. 

Setting board, glazier’s, 2228. 

Setting knife, glazier’s, i&28. 

Severeys, what, 415. 

Seville, cathedral at, 320. 368. 

Sewers, 3008, 

Sewers, their importance, size, and proper 
form, 1887, 1888. 

Seyssel’^ asphalt, 1879, 

Shades as distinguished fi’om shadow, 2459. 

Shadows, method of projecting in archi- 
tectural drawings, 2458 — 2484. Angle 
usually employed for the light, 2459 — 
2462. Examples, 2464, ei seq. Sha- 
dows on steps, 2468. Of modillioos, 
2469 — 2471. On triglyphs, 2472. Of 
consoles, 2473. Of niches, 2475. Of 
pediments, 2476. Of bases, 2480. Of 
Tuscan, Ionic, and Corinthian capitals, 
2480 — 2484. 

Shaftesbury House, Aldersgate Street, by 
Jones, 462. 

Shafts of columns. Appendix, p. 839. 

Shafts, bases of Attic, in eleventh and twelfth 
centuries. Appendix, p. 839. 

Shah Abbas, caravanserai of, described, 51, 

Shah Meidan, at Ispahan, described, 51. 

Sheet-lead, 1783. 

Sbene, in Surrey, palace at, 424. 

Sberboum Minster, Dorset, 398. 

Sheriff Hutton, Yorkshire, palace at, 426. 

Shooting, what, 2102. 

Shute, John, authmr of earli^ publication 
in the Engli^ language on architecture, 
438. Patronised by Dudley, Earl of 
Northumberland, id. 
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Shutter bars, 2263. 

Shutters, 2146—2148. Value of labour 
of, 2368. 

or Scena, of the Greek theatre, 

172. 

Skew back, 1890. 

Skirts of a roof, 2053. 

Skylights, value of labour of, 2368. 

Sicily, Grecian teinples o^ 147. 

Side boards, what, 2102. 

Side nook, 2121. 

Siena, cathedral at, 318. 

Signia, Cyclopean remains at, 32. 

Signs, in algebra, 524 — 526. 

Sill of a partition, 2025. 

Siloe, a Spanish architect, 368. 

Similar figures, 958 — 968. 

Sine of an arc, 1039. 

Single flooring, 2013. 

Single stones, early practice of erecting, and 
of what probable emblem, 13. 

Sion House, Middlesex, completed for 
Henry, Earl of Northumberland, 442. 

Slate, 1798 — 1810. Description of, 1798. 
Whence brought to London, 1799. 
Species of, ib. Desirable properties of^ 
1800. Tests of quality of, 1800, 1801. 
Different sorts of, 1802—1808. Patent 
slating, 1809. 

Slater’s work, how measured, 2370. 

Slater’s work, in specifications, 2283. 

Slates, proper slope of roo& for, 2030. 

Slating, 2209 — 221 1. 

Slating, patent, 1809. 

Slaughter bouses. See ** Abattoirs.” 

Sleaford, parochial church at, 398. 

Sleepers and planking, bow measured, 
2331. 

Small cut brads, glazier’s, 2226. 

Smithery and ironmongery, 2253 — 2263. 

Smith’s and ironmonger’s works, method of 
estimating, 2375. 

Smith’s work, in specifications, 2286. 

Smithson, Huntingdon, engaged on WoU 
laton Hall, 443, 

Smithson, Robert, architect connected with 
building WoUaton Hall, 440. 443. 

Soils best for foundations, 1882, 1883. 

Solar cell of the baths of Caracalla, 235. 

Solids, 979 — 995. 

Solids, mensuration of, 1229 — 1239. See 
** Mensuration.” 

Solids to voids, ratio of, in vertical sections 
of Gothic buildings. Appendix, p. 829. 

Somerset House, 2833. 

Somerset House, built by Chambers, de- 
scription o^ 519. 

Somerset House, old, water front by Inigo 
Jones, 459. 

Somersetshire has many churches in the 
florid English style, 423. Characteristics 
of 430. 

Soufflot, architect of Pantheon at Paris, 361, 

Southwell, church of, 389. 391. 

South Wingfield, Derbyshire, 426. 

Spain, architecture of, 367, et seq. 

Spalatro, niches at, 2775. 


Spanocchi Palace, cornice, 2725. 

Spans of roofs, scantlings of timbers fr>r, 
2037—2040. 

Specifications, 2279 — 2294. Excavator’s 

work, 2280, Bricklayer’s work, 2282. 
Slater’s work, 2283. Mason’s work, 
2284. Carpenter’s and joiner’s works, 
2^5. Founder’s, smith’s, and iron* 
monger’s works, 2286. Plasterer’s work, 
2287. Plumber’s work, 2288. Glazier’s 
work, 2289. Painter’s work, 2290. 
Paperhanger’s work, 2291. Bellbangei^s 
work, 2292. Conditions, 2294- 

Sphseristerium of the Greek gymnasium, 
175. 

Sphere, surface or segment of, 1237. So- 
lidity of, 1238. Solidity of segment of, 
1239. 

Spherical surfaces, to form in joinery, 2208. 

Spherical vaulting, 1478— *1493. 

Sphinx of Egypt, 74. 

Spiiler, James, architect, quoted, 521. 

Spina of the Roman circus, 240. 

Spire, cathedral of, 287. 

Spire, Gothic, wrought into Italian archi- 
tecture, 484. 

Square, 2118. 

Square, bricklayer’s, 1890. Bricklayer’s 
large, 1890. 

Square, gbzier’s, 2226. 

Square numbers, 575— 582. 

Square roots, and the irrational numbers 
that result from them, 583— 592. Table 
of, 873. 

Squares, table of, 873. 

Squaring the rail of stairs, 2187. 

St. Alban’s, abbey of, 389. 398. 407. 

St. Anne, Umebouse, by Hawksmoor, 499. 

St. Antoine, abbey of, near Paris, 310. 

St. Antony, church of, at Padua, 285. 

St. Apollinaris, church of, at Ravenna, 278. 

St. Basil, in Cberson, church at, 875. 

St. Benigne, at Dijon, among the oldest 
buildings of France, 289. 

St Carlo alle quattro Fontane, at Rome, 
342. 

St Carlo on the Corso, at Rome, 342. 

St Catharine, Honfleur, Appendix, p. 830. 

St Chrysogono, Rome, walls at, 1535. 

St Cross, Hampshire, church of, 396. 

St David’s, circular window, Appendix, p. 
842. 

St Denys, abbey of, 310. 

St Dunstan’s ( London)-iD-the-Ea^., 485. 

St Edmundsbury church, 391 . 398. 408. 

St Etienne du Mont, Paris, Appendix, p. 
835. 

St Filippo Neri, Naples, walls at, 1535. 
1552. 

St Francesco, at Assisi, 318. 

St Francesco, church of, at Rimini, 325. 

St Frideswide, church of, at Oxford, 389. 

St. Genevieve, church of, 289. 

St Genevieve, church of, at Paris, by 
Soufflot, 361. Plan and section, *5. 

St Gen^ieve, library of, 2911. 

St George, in Russia, convent 375. 
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St. George’s chapd, V^dsor, Appmdix^ p. 
834. Doorway, p. 844^ 

St. George^ Blooi^ury, by Hawksmoor, 
499. 

St George’s, Middlesex, by Hawksmoor, 
499. 

C^rmain des Pres, churcb of, 289. 

St Germain TAuxerrois, Appendix, p. 831. 

St Germain’s, monastery o^ in Cornwall, 
389. 

St Gervais, Paris, Appendix, p. 831. 

St Giles’s>in-tbe- Fields, by jRitcrc^ 512. 

St Giovanni Laterano, palace of, 344. 

S. Giuseppe, Palermo, walls at, 1535. 

St lldefonso, palace^of, 372. 

St. Irene, in Russia, convent of, 375. 

St. James’s Church, Westminster, descrip- 
tion of, 875. 

St James’^ Westminster, palace, 426. 

St. Jacques, Dieppe, Appendix, pp. 830. 
854, 855. 

St. Jean, Caen, Appmdix, p. 830. 

St. John, at Ephesus, church o^ 271. 

St John’s College, Oxford, Inigo Jmies 
employed at 456. 

St John’s, Westminster, by Archer, 498. 

S. liorenxo, Florence, walls at, 1535. 1550. 
1554. 

St. Lo, Notre Dame de, Appendix, p. 830. 

St Louis, under, great number of ecclesi- 
astical buildings in France, 310. 

St Margaret, Norwich, parochial church o^ 
421. 

St Margaret’s porch, at York, 398. 

Sta. Maria del Fiore, cburch.of, at Flor«ice, 
described, 323. Plan, section, and ele- 
vation of, ib, Vasari’s testimony of its 
grandeur, t5. Partially Gothic, 327. 

Sta. Maria Maggior^ niches at, 2779. 

Sta. Maria Maggiore, walls at 1535. 1549. 

Sta. Maria, in Trastevere, walls at 1535. 

St. Mark, church of, at Venice, description 
ot 284. 

St Mail’s library, at Venice, 2910. 

St Martin*s-in-the- Fields, Westminster, by 
Gibbs, described, 502. Roof of, 2046. 

St Mary, Edmun^bury, Suffolk, parochial 
church al; 408. 421. 

St. Mary-le-Strand, by Gibbs, described, 

508. 

St. Mary Overy, Southwark, paroebial 
church of, 421. 

St Mary Redcliff, Bristol, parochial church 
of, 421. 

St, Mary’s Chapel, Ely Cathedral, 421. 

St Mary’s, Oxtbrd, parochial church <ff, 
421. 

St Mary’s, York, conventual church 
421. 

St. Mary Wocdnotb, Lombard Street de- 
scription and representatmns ot 4S^. 

St Mery, Appendix, p. 831 . 

St Michael, Coventry, parochial church of, 
408. 421. 

St Bindiael, Pavia, church 280. 

St Nicholas, Newcartle, alluded to, 485. 

St Olave, Southwark, by Flitcroft, 512. 


St Ouen, at Rouen, church <^311. Cir> 
cular wind<^. Appendix, p. 843. 

S. Paolo fiiori le Mura, 1534 — 1546. 1553. 
Points of support of, 1581. Roof of, 
2051. 

St Paul’s Cathedral, by Wren, 339. 2828. 
Designs for, and plan, 467. Ruins re- 
moved, 468. Foundations, ib. First 
stone laid, 469, Last ston^ *6. Plans 
and description of, 470 — 474. Cost 475. 
Dimensions compared with St Peter’s, ib. 
Size compared with three other principal 
churches of Europe, 476. Defect in sec- 
tion as compared with them, 477. Points 
of support and mechanical skill as com- 
pared with them, 478. Its defects and 
abuses, 479. Failures in, i6. Fine view 
of, 2503. Points of support of; 1581, 
'Umbering of dome, ^>49. 

St. Paul’s, old cathedral, 396. Founders and 
dimensions of, 434. Repairs by Inigo 
Jones, 457. 

St. Peter, Mancroft, Norwich, parochial 
church of, 408. 421. 

St. Peter’s, Northampton, parochial church 

oi; 398. 

St. PeteFs, Oxford, parochial church at, 
398. 

St Peter’s, Rome, 335—341. 2828, Doors 
of, 2735. Nave 2779. Niches and 
statues in, ib. Points of support o^ 1581* 
Windows at, 2757, 

St. Petersburgb, city founded, 378. Pa- 
laces of, ib. 

St Philip’s, Birmingham, by Archer, 498. 

St Pierre, Senlis, Appendix, p. 830. 

S. Pietro in Vincola, Rome, walls at, 1535. 

St Poole, Sir George^ designs for, by 
Thorpe, 440. 

St Quentin, Hotel de Ville, Appendix, p« 
849. 

St Remi, Rbeims, Appendix, p. 831. 

Sta. Sabina, Rome, walls at, 1535. 1548. 
1554. 

St Severin, Appendix, p. 831. 

St. Sophia, churcb o^ at Constan^nc^e, 
description of, with plan, ^evatum, and 
section, 271. Served as a model after 
conquest of Constantinople 300. 

Sto. Spirito, Florence, walls 1535, 1551. 
1554, 

St Stephen, Bristol, parochial church of, 
421. 

St Stephen, church of, at Caen, 290. 

St Stephen’s Chapel, Westminster, 421. 

St Stephen’s, Walbrook, descriptioB 
483. 

St Siffpice church of, at Paris, 362. 

St. Vincent Rouen, Appendix, p. 830t 

St Vitalis, church at Ravenna, 282. Phm 
and siwtion, ib, 

StabilityA^source of fitness, 2500. Depend- 
ent on laws of gravitation, 2501. 

Stadium of the Gmk gymnasium, 1 75. 

Stafford, Duke of Buckingham, his palaeet 
426. 

Staircases, 2796, et seq. Designing <ff, im- 
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portant, 2797. One at Prebendai House, 
Westminster, 16. Light in, 3798. Of 
the Greeks and Romans, 2799. Few 
remains of, at Pompeii, 2800. Those at 
the Vatican and that by Bernini, 2801. 
Of the Trinita de* Monti and Araceli, 
2802. Palladio’s rules for forming, 2803, 
2804. The sorts of stairs in, 2805. 
Winding or spiral, 2806. Palladio’s rules 
for, 2806, 2807. Spiral, with solid newel, 
2808. Spiral, with open newel, 2809. 
Elliptical, with open newek 2810. El- 
liptical, with solid newel, 2811. Easiness 
of ascent in, 2813. BlondePs rule for 
obtaining it, 2814. 

Stairs, 2176'>-2185. Rules for risers and 
treads of, 2177, 2178. 

Stairs, stone. 1926 — 1929. With solid or 
open newel, 1926. Geometrical, 1927 — 
1929. Landings, half paces and quarter 
paces of, 1929. Thickness of steps, 1928. 

Stairs, carriage, &c., of, 2026. 

Stairs, value of labour o^ 2368. 

Stamford, parochial church of, 421. 

Stationes of the Greek gymnasium, 1 75. 

Statues. See “ Niches,” 2773, et »eq. 

Stefano, S., rotondo church of, at Rome, 
1528. 

Stellar vaults. Appendix, p. 833, et seg., 
838. 

Steyning, parochial church at, 398. 

Sticking, what, 2105. 

Stock and bit, 2107. 

Stocks, red and grey, 1822. 

Stoke-Pogis House, date and founder, 446. 

Stone Buildings, Lincoln's Inn, by Taylor, 
515. 

Stone, early working of, and tempering tools 
for, attributed to Tososthes, 10. 

Stone, 1636 — 1667, Freestone, what, 1637. 
Limestones and sandstones, ib. Requisite 
qualities 1639. Causes of decay, 1640. 
Report relating to, on occasion of selecting 
stone for the new Houses of Parliament, 
1641 — 1665. Alphabetical list of sand- 
stone limestone magnesian limestone 
and oolitic stone quarries in the pro- 
vinces, 1664, 1665. Alphabetical list of 
buildings of sandstone p. 470 — 473. Al- 
phabetical list of buildings of limestone, 
p. 473 — 476, Alphabetical list of build- 
ings magiusian lim^tone, p. 476 — 
478. Analysis of sixteen different sorts 
of stone 1666, 1667. 

Stone quarried and worked with skill by 
tbe Egypbane 73. 

Stonehenge, account of, 18. By Inigo Jones, 
457 — 461. Account oi^ by Mr, Cuxaiing- 
ton, 19. 40, Not built by the Britone 
380. 388. 

Stopping and picking-out toole plaster^’e 
2233. 

Story-rod for stairs, 2182. 

Str^ht-edge 2123. 

Strait-edges, p!asterer\ 2233. 

Str^bt-joint floor, what, 2168- 
Straining.piece 2034. 


Straps in carpentry, 201 1. 

Strasburg, cathedral of, described, 305. 

Strasburg, Freemason’s lodge at. Appendix, 

p. 822. 

Stratford-upon-Avon, parochial church of, 
408. 421. 

Stretchers, wbat, 1894. 

Strings of stairs, 2026. 

Striping, in masonry, 1914. 

Stroking, in masonry, 1910. 

Strozzi, Palazzo, at Flor^ce, 327. 329. 
Cornice of, 2725. 

Struts, in carpentry, 2009, 2010. 

Struts, what, 2031. 

Strutting pieces, 2018. 

Stuart, James, an architect, temp. Geo, IIL» 
and his works, 516. 

Stucco painting, 2269. 

Stuck, wbat, 2105. 

Stukely, church of, in Bucks, 389. 

Styles of a door, what, 2 1 30. 

Styles of architecture all dependent on fit- 
ness, 2508. 

Styles of mediaDval architecture, as called by 
the French, Appendix, p. 830. 

Subdivisions and apartments of buildings, 
and their points of support, 2848. Vaults 
for covering, how arranged, 2849, 2850^ 
2851. 2853, 2854. Examples of, 2849, 
ei geq. 

Subterranean style of Egypt caused by the 
climate, 64. 

Sudatio of the Greek gymnasium, 175, Of 
the Roman baths, 235, 236. 

Sudeley, in Gloucestershire, 423. 

Sugar, tonnage of, in warehouses. Appen- 
dix, p. 884. 

Summer Hill, Kent, 452. 

Summit-ribs omitted. Appendix, p> 838. 

Superficies, mensuration o^ 1212—1228. 
See “Mensuration.” 

Supplement of an arc, 1038. 

Surfaces, 929 — 934. 

Swansea Castle, 413, 414. 

Swiff, Dean, his ignorance of art, 491, 

Sybil (Corinthian), temple of, at Tivoli, 
214. 

Symbolism in churches. Appendix, pp. 822. 
824, 825. 

Symbols, Appendix, pp. 845, 846. 

Symmetry in architecture, 2510. 

Systyle intercolumniation, 2605. Mono- 
trigiyph, ib. 


T. 

Ta, or sepulchral towers of the Chinese, 
106. 

Tabernacle, plan of, from Mdller, Appendix, 
p. 832. 

Tablinum of a Roman bouse, 248. 253- 
Tadmor or Palmyra, extraordinary struc- 
tures at, 196, 197. 

Tai of the Chinese, 106. 

Tangent of an arc, 1041. 

Taiyore, pagoda at, 59. 
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Taper shell bit, 2109. 

Taste in architecture, what, 2492. Stand- 
ard 2506. 

Tatters^ in Lincolnshire, 423. 

Tattersall C^le, doorway. Appendix, p. 
844. 

Tatti Jacopo. See “ Sansovino.” 

Taunton, parochial church at, 421. 

Tavistock slates, 1809. 

Taylor, Mr., his house at Potter's Bar, by 
Thorpe, 440. 

Taylor, Sir Robert, an architect of high 
reputation, temp. George III., and his 
works, 515. 

Tea, tonnage of, in warehouses, Appendix, 
p. 884. 

Temple, Newsham House, Yorkshire, 
452. 

Temple of Concord, at Rome, 261. 2547. 
Of Fortuna '\5rilis, ib. Of Peace, at 
Rome, ih. Of Vesta, ih. Of the Sybil, 
at Tivoli, ib. Of Faustina, ib. Of Bac- 
chus, lb. Of Jupiter Stator, at Rome, 
262. Of Jupiter Tonans, at Rome, ib. 
Of Peace,.niches at, 2775. 

Templet, bricklayer's, 1890. 

Tenons, 2008. 

Tentyris, temple at, 91. 

Teocallis, houses of Gods of the Mexicans, 
114. 

Teotihuacao, pyramids of, 111. 

Tepidarkim of the Roman baths, 235. 

Terminus, 2686. 

Tertiary Gothic or Flamboyant style. Ap- 
pendix, p. 830. ' 

TestocopoU. a Grecian, executed many 
works in Spain, 369. 

Tetbury Church, by Hiorne, 514, 

Tetrastyle temple, 2528, et seq. 

Tewkesbury, conventual church of, 421. 

Tewkesbury, monastery of, 389. 421. 

Thaxted, parochial church at, 421, 

Theatre, none in Rome permanent till 
time of Pompey, 185. Tliatof ^milius 
Scaurus, ib. One erected by Curio, ib. 

Dieatre of Marceltus, 2547. 

Theatres, 2947, et teg. That constructed 
by Bramante, ib. Palladio's at Vicenza, 
2948. Their revival, 2949. Those of 
Bolc^a and Verona, 2950. At Bour- 
deaux, 2951. Points for consideration 
in, 2952. Forms considered, 2953. 
Wyatt's principles on rebuilding Drury 
l.aoe Theatre, 2957. Sizes of, and 
schemes for hearing and seeing, 2958 — 
2965. Use of semicircle in, 2966. Seeing 
in, 2969. Ingress and egress, 2970. 
Fire proof, 2972. 

Theatres, earliest of Rome, 226. Rcmian, 
described by Vitruvius, ib. Diat of Mar- 
ceilus at Rome, 226. 258. That of Bal- 
bua, 226. That of Pompeii, 227. 

Tbe^res of the Greeks, described, and plan 
of one, 172. First constructed in a tem- 
porary manner, 

Theobald's Hmise, date and founder, 
446. 


Theodoric, architecture under, 278. His 
mausoleum at Ravenna, ib. His succes- 
sors, 279. 

Theodosius, architecture under, 271. 

Theodosius II., architecture under, 271. 
His works at Constantinople, 271. 

Tberon, tomb of, at Agrigentum, 158. 

Theseus, temple oi^ 1 50. 

Thiene Palace, window at, 2769. 

Thombury Castle, bay window at, 428. 

Thombury, Gloucestershire palace at, 
426. 

Thornton Collie for Sir Vincent Skinner, 
by Thorpe, 440. 

Thorpe, John, account of his designs from 
folio volume, formerly belonging to the 
Hon. Charles Greville, 440. Observa- 
tions by Walpole on bis compositions, 
441. Design for liis own bouse, ib. 
Probably engaged at Woilaton, 443. 

Through stones, what, 1920. 

Thumb screws, 2263. 

Bvfxe\7i of the Greek theatre 172. 

Tiange, Jean de, first stone of Pont St. 
Esprit laid by, SIO. 

Tie beam, 2031. 

Tierceron, Appendix, p. 835. 

Tiler's tools, 1908. 

Tiiee hollow, proper slope of roofe for, 
2030. 

Tiles, 1834 — 1839, Of what composed, 

and bow manufactured, 1834. Plain or 
crown tiles, 1835. Ridge roof and hip 
tiles, 1836. Gutter tiles, 1837. Pan or 
Flemish tiles, 1838. Paving tiles, 1839- 

Tiles, plain, proper slope of roofr for, 
2030. Roman, proper slope of roo6 for, 
ib. 

Tiling, 1906. Tools used in, 1908. Plain 
tiles, 1906. Pantiles, 1907, 

Tiling, trowel, 1 908. 

Timber, chief material in use among the 
Chinese, and the sorts employed, 98. 

Timber, cubic foot of, to compute value, 
2344, 2345. 

Timber, different species ofi 1684 — 1738. 
Oak, 1685 — 1695. Chesnut, 1696 — 
1700. Beech, 1701, 1702. Walnut, 
1703, 1704. Cedar, 1705. Fir, 1706 
— 1709. White fir, 1710. Spruce fir, 
1711. American pine, 1712 — ,1716. 
Larch, 1717. Poplar, 1718. Alder, 
1719. Elm, 1720 l_ 1722. Ash, 1723. 
Sycamore, 1724. Birch, 1725. Ma- 
hogany, 1726. Spanish mahogany, 1728. 
Teak, 1729. Table of heights and 
dimneters of different trees, 1 729. Mode 
of preserving, 1730 — 1738. Preserva- 
tion of, 1739 — 1744, Decay of, 1745 — 
1747. Prevention of decay, 1748— 
1752. Cure of rot in, 1753. 

Timber, different species of strength, 1598. 
Coh^ve force in the direction of its 
length, 1598, 1599. Strength of, in an 
upright posirion, 1600 — 1602. Resist- 
ance of a post, 1602. Horizontal pieces 
of timber, experiments on, 1603 — 1611. 
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Strength of, modified to its absolute and 
primitive force and its flexibility, 1611/ 
Deduction from loss, 1613, 1613, Ex. 
periments on pieces of, in five tables, 
1613. Explanation of tables, 1614, 1615. 
Mode of representing strength of, 1616 
—1621. Deduction from, 1622. Table 
showing the greatest strength of, lying 
horizontally in lbs. avoirdupois, and ex. 
planation of, 1622 — 1624. Application 
of preceding table to other besides oak 
timber, 1624 — 1635. Method of using 
last table for horizontal timbers, 1625, 
1626. The same for strength of vertical 
bearing pieces, 1627— 1629. Method 
for obtaining absolute or cohesive strength, 
1630 — 1632. Strength of other timbers 
besides oak in an inclined position, 1633 
— 1635. 

Timber houses in England, short account 
of, 439. On the Continent, ib. 

Timber not an element in Egyptian archU 
tectural composition, 63 — 71. 

Timbers, scantlings of, for roofs, 2037 — 
2040. 

Timbers should be measured when carcass 
of building completed, 2341. 

Tinemouth, conventual church of, 407, 

Tin saw, bricklayer’s, 1890. 

Tinterne Abbey, conventual church of, 407. 

Tiryns, walls of, very ancient, described by 
Homer, 31. S3. 

Toad’s back rail, 2189. 

Toddlngton House, date and founder, 446. 
Tolls of^a binge, 2155. 

Toledo, church of, S67. 

Toledo, gate of San Martino, 368. 

Tolmen or colossal stones, description of, 
26. The Constantine Tolmen in Corn, 
wall, 26. 

Tombs of the Romans, 254, That of the 
Horatii, 255. That of Calus Cestius, at 
Rome, 256. That of Adrian, at Rome, 
ih 'Hiat of Cecilia Metella, at Rome, 
ib. Group of, from Pompeii, 257. 

Tongue in joinery, 2191. 

Tonnage, means of valuation of warehouses 
by. Appendix, p. 883. 

Tools for building used by the early 
Greeks, 7. 

Tools used by painters, 2268. 

Tools used in joinery, 2102 — 2124. 

Toothings of walls, 1 900. 

Top rails of a door, 2130. 

Torus, 2532, , 

Torus, ornament in Nqrman architecture, 
397. 

Tote of a plane, 2104. 

Totila takes Rome, 279. 

Toultecs, architecture of, 110. 

Tower of London, 394 — 398. 423. 

Town balls, 2894, et seq. Size to be suit- 
able to importmice of place, 2894. Rooms 
required in, 2895. Good examples of, 
on the Continent, 2896. At Brussels, 
ib. That of Amsterdam described, 2897. 
Antwerp, Maestricht, and Louvain, good 


examples at, 2898. Hotel de VUle at 
Paris, ih. Appendix, pp. 855—857. 

Trajan’s column, 193. 2603. Bridge over 
the Danube, 193. Forum, 193. 

Transition style, what, 410. 

Traversing wood, 2121, 

Tread of stairs, 2180. 

Trevi, Corinthian temple at, 21 1. 2672. “ 

Trevigi, an architect employed in England, 
427. 

Triclinium of a Roman house, 252, 253. 

Triforiura, what, 286. 

Trlglyphs, origin of, 135. Regulate 
disposition of Doric order, 2605. 

Trigonometry, plane, 1032 — 1054. 

Trimmers and trimming joists, 2017. 

Trimmers and trimming joists, how mea- 
sured, 2340. 

Trimming of slates, 2211. 

Trinity College, Cambridge, 2904. Li- 
brary of, by Wren, 487. 2908. 

Tripoli, described generally, 132. 

Triumphal arches, difierent sorts of, 220. 
’fhat of Constantine, Septimius Severus, 
Titus, &c., ih. 

Trochilos, 2532. 

Trowel, brick, 1890. 

Trowel, slater's, 2210. 

Trowelled or bastard stucco, 2236—2244. 

Trowels, plasterer’s, 2233. 

Truro, parochial church at, 408—421. 

Truss explained, 2031. System of trusses, 
2032. 

Trusses for girders, 2021 . 

Trying plane, plumber’s, 2212. 

Trying up, what, 2102. 

Tudor style, examples of, in Scotland, 431. 
In England, 422, et seq , ; 432. 

Tuileries and Louvre, designs for, by Ber- 
nini, 2881. 

Tuileries, at Paris, palace of, 357. 

Tunbridge Castle, 394. 

Turin theatre, 2958. 

Turnbuckles, 2263. 

Tusk, in carpentry, what, 2008. 

Tuscan arcade, 2621. With pedestal, 2628. 

Tuscan order, 2553. Admits of few orna- 
ments, 2554. Method of profiling, 2555. 
Parts of, on larger scale, ih. Table of 
heights and projections, ih. Whole height 
of, 2556. Palladio’s method of profiling, 
2557. Serlio’s method, 2558. Scamtmi’s 
method, 2559. 

Tuscan order, intercolumniation of, 26(% 
—2609. 

Tuscan order, inventors of, 258. 

Tympanum of a pediment, 2715. Face of. 
bow disposed, 2723. 

Types in architecture, 2507. 

Types of architecture, in three states of life, 
2. 258. 

U 

Ufiixj, at Florence, museum of, 2918. 

Uhn, cathedral at, 309. Reputed to be the 
largest church in Germany, it. 

4 A 
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Ulric, an early German architect, 365. 

Unity in architecture, 2509, 

Upholsterers and* decorators, to be avoided 
in nmtters of tast^ 2604. 

V. 

Vale Royal, in Cheshire, conventual church 
ot 407. 

Valle Crucis, Denbighshire, conventual 
church of, 407. 

Valuation of property. Appendix, p. 882, 
et seq. 

Value of work, to ascertain by constants of 
labour, 2346, et seg. 

Vanbrugh, Sir John, ^count of, 491. Sir 
J. Reynolds* opinion of bis works, 492. 
His works, 493’^97. Clarencieuz king- 
of-armS, ib, A dramatist, ib» 

Variety, desire for, cause of decoration, 
2515. 

Vatican Library described, 2909. Museum 
o^ 2918. 

Vaulting, cylindrical, how to regulate cais- 
sons in, 2835, 2836. 

Vaulting, groined, 1444 — 1456. Coved, 

1464^1477. Spherical, 1478—1493. 

Vaulting, terms employed in, Appendix, p. 
835. In Gothic architecture, different 
species o^ Appendix, p. 836, et seq. 

Vaults for covering apartments, how ar- 
ranged, 2849. Its weight and thrust, 
2852. Springing of, 2849 — ^2854. 

Velarium of the amphitheatre, and mode of 
raising it, 229. 

Veneers, gluing together iii joinery, 2200. 

Venetian and Palladian sashes and frames, 
value of labour of, 2368. 

Venetian school, Inigo Jones a follower of, 
463. Flans of houses of this school 
scarcely suited to English habits, 464. 

Venetian school, its character, 349. Its 
period, 356. 

Venetian windows, 2756. 

Venice, theatre of San Benedetto, 2958. 

Venter of an aqueduct, what, 225. 

Ventilation, 2862. 2974. 2982. 

Verona, theatre at, 2950. 

Versed rine of an are, 1040. 

Vesica Piscis, supposed to have given bint 
for f(^ms of plans of churches, 302. Ap- 
pendix, p. 825. As applied to the fonx^ 
of churches, Appendix, p. 825. 

Vesta(Corinthian), temple of, at Rome, 214. 

Vestibulum of the Roman bouse, 244. 

Vicenza, basilica of, arcade at, 2641. 

Vignola, 371. Door by, at Farnese Palace, 
2741. Resided in France many years. 
His profiles of the orders followed there, 
358. 

Villa Capra, near ^ceDza,by Palladio, 853. 
Interaxal divisions applied to, 2843. 

ViUeneuve, an Italian architect, employed 
on the Escurial, 371. 

Villa Ra, at Rome, and view of, 345. 

Villa, site on which it can designed, 
2999, 3000. 


Villa, Cicero's, 243. Those of LucuUus and 
PoIUo, ib. 

Villas of Rom^ 345- 

Villas of the Romans very extensive, 184. 

Vincennes, castle 311. 

Vine, portico to, Hants, by Webb, 465. 

Vitruvius, manuscripts of, 326. His pre- 
cepts on intercolumniations of the Doric 
order, 2610. 

Vittoria, Alessandro, 356. 

Volterra, walls of, 179. 

Volute of the Ionic order, 151. Method 
of describing, 2576. 

Vomitoria of the amphitheatre, 229. 

W. 

Wade, General, house for, by Lord Bur- 
lington, 510. 

Wainscotting, value of labour of, 2368. 

Wakefield Chapel, on the bridge, 421. 
Church at, ib. 

Wakefield, parochial church of, 421. 

Wales, early buildings in, 387. 

Wall plate, what, 2009. 

Wall plates and bond, how measured, 2333. 

Walls, at S. Filippo Neri, Naples, 1535. 
S. Giuseppe and S. Domenico Palermo, 
1535. Of two hundred and eighty build- 
ings in France and Italy, 1537. In pri- 
vate houses, 1538. In large buildings, 
1539, 1540. Rules and examples for, 
1542 — 1554. Examples for thickness of, 
in bouses of many stories, 1555— 1560. 
In ordinary houses, 1556, 1557. In 
double houses, ] 558. Of the Hotel 
Vendome, 1560. Of a bouse built for 
the Brothers Mocenigo, 1562. Pressure 
of earth against, and rules for finding 
thickness, 1584 — 1592. 

Walls, brick, mode of measuring, 2306 — 
2308. Should be gradually carried up, 
i891. Precepts to be ol^erved respect- 
ing, 1898—1900. 

WaUs, stability of, and resistance, 1500 — 
1502. Stability of, 1503 — 1517. Me- 
thod of enclosing a given area in a r^u- 
lar polygon, 1518 — 1528. Thickness of. 
in buildings, not vaulted, 1529 — 1541. 
Rules for, 1542, 1543. Example of, 
1544, 1545. Other examples, 1546 — 
1562. 

Walls, stone, 1916' — 1924. 

WaUs, 1500 — 1592. Thickness propor- 

tioned to height, 4502. Stability of, 
1503 — 1528. Mode in which forces act 
on, 1505—1509. Enclosing ^aces of 
diffCTent forms, 1512 — 1517. Must have 
a certain thickness to acquire stability, 
1525. Exterior wall of S. Stefano Ro- 
tondo, 1528. Ihickness of, in buildings 
not vaulted, 1529 — 1554. Kept to- 
gether by roo^ 1532 — 1541. At “Ha- 

drian’s Villa, 1535, At S. Paolo fuori 
ie Mur^ 1534. 1546. At Sta. Sabina, 
1535. At Sta. Maria Maggiore, ib At 
Sta. Maria in Trastevere, ib. At S. Chry- 
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sogono, ib. At S. Pietro in Vincola, ib. 
At S. Lorenzo and Sto. Spirito, Flo- 
rence, ib. 

Walter, of Coventry, an architect of the 
Norman age, 395. 

Waltham, abbey of, 389. 391, 

Wanstead House, Essex, date and founder, 
446. By Campbell, described, and ele- 
vation of, 504. 

Ware, his tract on vaults and bridges. 
Appendix, pp. 836—838. 

Warehouses, valuation of. Appendix, p. 883. 
Tonnage, mode of ascertaining value, ib. 
Weight of wheat in, p. 884. 

Warkworth Castle, 398. 

Warwick Castle, 414. Description and 
view of, 418. 423. 

Warwick Sessions’ House, by Hiome, 514. 

Water, 1861. 

Water-lily, used in Egyptian ornament, 87. 

Wavy ornament, 397. 

Webb, John, pupil of Inigo Jones, 464, 465. 

Wedge, 1321 — 1323. 

Weights, comparative, of different materials 
used in covering buildings, 1796. 

Weights of brickwork, &c., 2305, et seq. 

Weils Cathedral, 398. 406. 421. Founders 
and dimensions of, 434. Chapter-house, 
Appendix, p. 837. 

Welsh groins, 2058. 

Welsh lumps, 1826. 

Welsh rag slates, 1803. 

Wenlock, in Shropshire, choir at, 398. 

Westminster Abbey, 389. 406. Founders 
and dimensions of, 434. Circular win- 
dow, Appendix, p. 843. 

W'estminster Hall, section of, 415. 

Westminster, palace at, 423. 

Westminster School Dormitory, by Lord 
Eurlingtoo, 510. 

Westmoreland slates, 1802. 

West Walton Tower, Norfolk, 398. 

Westwood Hall, Worcestershire, 426 

Westwood House, date and founder, 446. 

Wheat, its weight in warehouses, Appendix, 
p. 884. 

Wheel and axle, 1307 — 1314. 

W’^hitby, in Yorkshire, conventual church 
of, 407, 

Whitehall, palace of, 457. Palace pro- 
posed at, 2879, 2880. Banqueting bouse 
at, 458. 

White lead, 2272. 

W^hittington, on pointed architecture, quoted, 
310. 313—315. 

Whittlesea, parochial church of, 421. 

Whole numbers, in respect to their factors, 

532, 533. 

Wilfrid, bishop of York, 383. S85. 386- 

WilUam of Sens, architect of Bishop Lan- 
franc, 395. 

Willis, Mr., his paper on penetration of 
mouldings, Appendix, p. 839. 

Wilton House, designed by Inigo Jones, 
461. Improved, 508. 

Wimbledon, house at, for Sir Thomas Cecil, 
440, . ^ 


.Wimbledon House, date and founder, 446. 
Point and particulars 448. 

Winchelse< parochial church at, 398. 

Winchester Cathedr^, founders and dimen- 
sions of, 434. 

Wincbest^ Palace, circular window. Ap- 
pendix, p. 843. 

Wind^ Captain William, built Cliefden 
and other works, 465. 

Winders in stmrs, 2186. 

Winding sticks, 2123. 

Windows, 2745, et seq. Blank to be 
avoided, ib. Proportions of, as connected 
with apartments, 2746. Mode of obtain- 
ing proper quantity of light, 2747. Rule 
for size, by Chambers, 2748. Proper 
rules, by Morris, ifr. Examples of rules 
for sixes, 2749 — 2752. When there are 
two stories of windows in rooms, 2753. 
Piers of, 2754. In the same story should 
be similar, 2755. Venetian, 2756. St. 
Peter’s at Rome, lower story, 2757. 
From Mattel Palace, at Rome, 2758. 
Two examples of, by Bernardo Buonta- 
lenti, 2759. From the old Louvre, 2760. 
From Palladio, 2761. 2765, 2766. From 
Banqueting House, Whitehall, 2762. 
From Famese Palace, 2763. From Re- 
nuccini Palace, 2764. From Pandolfini 
Palace, 2767. From Bracciano Palace, 
2768. From Thiene Palace, 2769. By 
Inigo Jones, 2770. By Colin Campbell, 
2771. By Kent, 2772. 

Windows : St. Alban’s, Appendix, p.840. ; 
Beaudesert, ib. ; Trinity Chapel, Canter- 
bury, tb. ; Lincoln, ib. ; Painted Cham- 
ber, 841. ; Ely, ib. j Merton College, Ox- 
ford ib.; Oxford Cathedral, ib. ; St. 
Ouen, ib . ; Cawston Church, ib . ; Nor- 
wich, ib. ; Aylsham, ib. 

Windows in Egyptian buildings, 82. 

Windsor bricks, 1826. 

Windsor Castle, 393, 394. 398. 414. 

Wingfield Manor, Gloucestershire, 423. 

Witney, Oxon, parochial church of, 408. 

Woburn Abbey, great part oG by Flitcroft, 
512. 

Wolfe, an architect of reputation, 504. 

Wollaton Hall, Notts, 440. 443. 445. 452. 

Wolsey, bis magnificent buildings, 426. 

Wolterton Hall, Norfolk, 426. 

Wood, earliest material employed in build- 
ing, 7, 

Wood, of Bath, an architect, temjh George 
IL, 513. 

Wood used for joinery, 2124. 

Woodstock, palace at, 423. 

Worcester Cathedral, 421 . Founders and 
dimensions of, 434. 

Worcester Chapter-house, Appendix, p. 837. 

Worcester College, library, d^gned by Dr. 
Clarke, 490. 

Working drawings explained, and the prin- 
ciple on which they are to be m^e, 
2485—2491. 

Worms, cathedral of, and description, 287. 
Plan, part, section, and view of, ib. One 
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rf the most uieienlttf ehurrhes in Ger- 
many, ib. Shafts at. Appendix, p. 839. 

Wren, Sr Christ<^ier, 466 — 480. Paren- 
ti^ His e^Dph, '482. 

Cambridge, 487. List of 

-- bis priJi^pd Torks, 488. Chnrcbes by, 
date and cost, ib. Like Palladio, fol- 
lowed certain proportions, 853. 

Wrexham, parochial church ol^ 421. 

Wyken church, doorway. Appendix, p. 842. 

X. 

Xochiculco, military intrenchment of, 1 lA 

Xystus of the Gaeek gymnasium, ] 75. Of 
the Roman baths, 235. 

Y. 

Yaroslat, Russian prince, patron of archi- 
tecture, 375. 

Yorlc Castle, 394. 

York Cathedral, 406. 


York Cathedral; foundos and dimeod^ 
o( 434. Circular window. Appendix, p. 
842. 

York Pla«^,f^ftd»dl Ddace, 4861. 

York Stain ttr^m Tbam^ by Jones, 462. 
Ypsambool, tecqj!^ at, 71 . 

.. -I ' ’"-iB,, 

Zamodia, an early German architect, 365. 
Zax, slater’s, 2210. 

Zecco or Ifot, at Venice, by Sansorino, 
351. * ’ 

Zebra, near Cordova, city, palace, and ga& 
dens, founded, 121. 

Zinc, 1792 — 1797. Found every where, 

1792. Mode of extracting from ore, ib. 
Method of forming into plates, 1793. 
Points relating to, ib. Increased de- 
mand for, 1794. Its peculiarities, 1975. 
Tenacity of and sheets usually employed, 
1796. A good material for cisterns, &c. 
Oxyde of, 2272. 


THE END. 
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throughout, with such Alterations introduced as continually progressive Discoveries and the 
latest In.'ormation have rendered necessary. Edited by the Author’s Son, the Rev. Thomas 
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New Edition, nearly all re-engraved, enlarged, and greatly improved; with Corrections 
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Statutes of the last Session and Legal Decisions, to Michaelmas Term, 14 and 15 Victoria. 
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I Its Condition and>Prospects. With Descriptions in detail of the best modes of Husbandry 
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I Cemmissianer of The Timet; Author of “ High Farming under Liberal Covenants.*' 8vo, 
i 14S. cloth. 
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Or, an Account of the Distinctive Characters of the principal Races of Men. By W. B. 
Carpenteb, M.D., F.R.S., F.G S., Examiner in Physiology in the University of ^ndon. 
"With numerous Engravings on Wood. Being Dr. Carpenter’s Article on the Varieties of 
Mankind, reprinted, with Alterations and Additions, from “Todd’s Cyclopsedia of Anatomy 
and Physio ogy.” Post 8vo. [In preparation. 
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firmed by Ancient and Modern Authorities By the Rev. Augustus Clissold,M. A., formerly | 
of Exeter College, O-xford. 4 vols. Svo. Two Guineas, cloth. I 

CONYBEARE AND EOWSON.—THE LIFE AND EPISTLES \ 

of SAINT PAUL; Comprising a complete Biography of the Apostle, and a l^raphrastic i 
Translation of his Epistles inserted in Chronological Order. Edited by the Rev. W. J. ' 
Conybeabb, M.A. late Fellow of Trinity College, Cambridge ; and the Rev. J. S. HowsoN, 
M.A. late Principal of the Collegiate Institution, Liverpool. With Engravings on Steel and > 
Wood of the Principal Places visited by the Apostle, from Original Drawings made on the 
spot by W. H. Bartlett ; and numerous Maps, Charts, Woodcuts of Coius, &c. The First ' 
Volume ; with Eighteen Engravings on Steel, Nine Maps and Plans, and numerous Wood- 
cuts. 4to. 288. cloth. Vol. II. Part I. price 9s. boards. i 

' To form Two Volumes, in course of publication in about Twenty Parts, price 28. each; of j 
which Seventeen are now ready. j 

CONVERSATIONS ON BOTANY. 

New Edition, improved. Fep.Svo. 22 Plates, 7s. 6d. cloth; with the plates coloured, 128. cloth. 

COPLAND.— A DICTIONARY OF PRACTICAL MEDICINE; 

comprising General Pathology, the Nature and Treatment of Diseases, Morbid Structures, 
and the Disorders especially incidental to Climates, to Sex, and to the different Epochs of j 
Life; with nnmerousapproved Formulae of the Medicines recommended. By James Copland, 
M.D. Consulting Physician to Queen Charlotte’s Lying-in Hospital, &c. &c. Vols. l.and II- 
8vo. £Zy cloth ; and Parts X. to XV. 45 6d, each, sewed. 

THE CHILDREN’S OWN SUNDAY-BOOK. 

By Hiss Julia Cobner, Author of “ Questions on the History of Europe,” &c. With Two 
Illustrations engraved on Steel. Square fcp. Svo. 5s. cloth. 


PUBLISHED BY MESSES. LONGMAN, BROWN, AND CO. 7 


COX.— PROTESTANTISM AND ROMANISM CONTBASTEP BY 

the ACKNOWLEDGED and AUTHENTIC TEACHING of EACH RELIGION. Edited by 
the Rev. John Edmund Cox, M.A., F.S.A., of All Souls’ College, Oxford j Vicar of St. 
Helen’s, Bisbopgate, London. 2 vols. 8to. 28s. cloth. 

CBESY.—AN ENCYCLOPjEDIA OF CIVIL ENGINEERING, 

Historical, Theoretical, and Practical. By Edward Cresy, F.S.A. C.E. In One very 
large Volume, illustrated by upwards of Three Thousand Engravings on Wood, explanatory 
of the Principles, Machinery, and Constrnctions which come under the Direction of the 
Civil Engineer. Svo. ^3. 13a. 6d. cloth. 

THE CRICKET-FIELD; OR, THE SCIENCE AND HISTORY 

of the GAME. Illustrated with Diagrams, and enlivened with Anecdotes. By the Author 
of “ Principles of Scientific Batting,” &c. With Two Eugravingson Steel j uniform with 
Harry Hieover^s Hunting- Field. Fcp. Svo. 5s. half-bound. 

DALE.— THE DOMESTIC LITURGY AND FAMILY CHAPLAIN, 

in Two Parts: The First Part being Church Services adapted for domestic use, 
with Prayers for every day of the week, selected exclusively from the Book of Common i 
Prayer; Part II. comprising an appropriate Sermon for every Sunday in the year. By ! 
the Rev. Tho.mas Dale, M.A., Canon Residentiary of St. Paul’s Cathedral. 2d Edition, i 
Post 4to. 21s. cloth : or, bound by Hayday, 31s. fid. calf lettered ; j62. IDs. morocco. 

/ The Family Chaplain, price 12s. cloth, 
separa e y | jug Domestic Liturgy, price 10s. fid. cloth. 

DA VIS.— CHINA D URING THE WAR AND SINCE THE PEACE. 

By Sir J. F. Davis, Bart., late Her Majesty’s Plenipotentiary in China; Governor and Com- 
mander*in>Chief of the Colony of Hong- Kong. 2 vols. post Svo. with Maps and Wood £n> 
gravings. [In the press, 

DELABECHE.—THE GEOLOGICAL OBSERVER. 

By Sir Henry T. Delabechr, F.RS., Director-General of the Geological Survey of the 
United Kingdom. In One large Volume, with many Wood Engravings. Svo. ISs. cloth. 

DELABECHE.— REPORT ON THE GEOLOGY OF CORNWALL, 

DEVON, and WEST SOMERSET. By Sir Henry T. Delabkchb, F.R.S., Director- 
General of the Geological Survey of the United Kingdom. Published by Order of 
the Lords Commissioners of H.M. Treasury. Svo. with Maps, Woodcuts, and 12 large Pates, 
14s. cloth. 

DE LA RIVE’S WORK ON ELECTRICITY.— A TREATISE ON \ 

ELECTRICITY ; its Theory and Practical Application. By A. De la Rite, of the i 
Academy of Geneva. Illustrated with numerous Wood Engravings. 2 vols. Svo. | 

[Nearlp ready. 

DENNISTOUN— MEMOIRS OF THE DUKES OF URBINO ; 

Illustrating the Arms, Arts, and Uteratare of Italy, from MCCCCXL.to MDCXXX. By 
James Dennistoun, of Dennistoun. With numerous Portraits, Plates, Fac-simi>es, and 
Engravings on Wood. 3 vols. crown Svo. Ss. cloth. 

DISCIPLINE. 

By the Authoress of “Letters to my Unknown Friends,” “Twelve Years Ago,” “ ome 
Paaaages&nm Modem History,” and “Letters on Happiness.” Second Edition, enlarge 
ISmo. 2a. 6d. cloth. 
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NEW WORKS AND NEW EDITIONS 


EASTLAKM.— MATERIALS FOB A HISTORY OF OIL 

PAINTING. By Charles Lock Eastlake, Esq. P.R.A. F.R.S. F.S.A. ; Secretary to tbe 
Royal Commission for Promotins: the Fine Arts in connexion with the rebuilding of the Houses 
Of Parliament, &c. 8vo. 16s. cloth. 

*** Vol. II. On the Italian Practice of Oil Painting^, is preparing for puhlicatioH^ 

THE ENGLISHMAIFS GREEK CONCORBANCE OF THE NEW 

TESTAMENT; being an Attempt at a Verbal Connexion between the Greek and the 
English Texts ; including a Concordance to the Proper Names, with Indexes, Greek-Euglish 
and English-Greek. New Edition, with a new Index. Royal 8vo. 42s. cloth. 

THE ENGLISHMAN’S HEBREW ANB CHALBEE CON- 

CORDANCE of the OLD TESTAMENT; being an Attempt at a Verbal Connection between 
the Original and the English Translations ; with Indexes, a List of the Proper Names and 
their occurrences, &c. 2 vols. royal 8 to. j^ 3. 13s. 6d. cloth ; large paper, aBA. 148. 6d, 

EPHEMERA.— THE BOOK OF THE SALMON: \ 

In Two Parts. Part I. The Theory, Principles, and Practice of Fly-Fishing for Salmon: with , 
Lists of good Salmon Flies for every good River in the Empire ; Part II. The Natural History j 
of the Salmon, all Its known Habits described, and the best way of artificially Breeding It ; 
explained. Usefully illustrated with numerous Coloured Engravings of Salmon Flies and j 
Salmon Fry. By Ephemera, Author of “ A Hand-Book of Angling insisted by Andrew i 
Yodno, of Invershin, Marnier of the Duke of Sutherland’s Salmon Fisheries. Fcp. 8vo. | 
with coloured Plates, 14s. cloth. j 

EPHEMERA.— A HANB-BOOK OF ANGLING; \ 

Teaching Fly-fishing, Trolling, Bottom-fishins:, Salmon-fishing; with the Natural Hietcryof | 
River Fish, and the best modes of Catching them. By Ephemera, of Bell’s Life in 
London.” New Edition, enlarged. Fcp 8vo. with numerous Woodcuts, 9s. cloth. 

FRM AN. —TRAVELS IN SIBERIA: 

including Excursions northwards, down the Obi, to the Polar Circle, and southwards to the 
Chinese Frontier. By Adolph Erman. Translated by W. D. Cooley, Esq. Author of 
“ The History of Maritime and Inland Discovery 2 vols. 8vo. with Map, 31 s. 6d. doth. 

I 

FORBES.- BAHOMET ANB THE HAHOMANS: 

Teing the Journals of Two Missions to the King of Dahomey, and Residence at his Capital 
in tbe Years 1849 and 1850. By Frederick E. Forbes, Commander, K.N., F.R.G.S.; Au- 
thor of “ Five Yeare in China,” and “ Six Months in the African Blockade.” With 10 Plates, 
printed in Colours, and 3 W'ood Engraving^. 2 vols. post 8vo. 21s. cloth. 

FORESTER ANB BIBBULPH’S NORWAY. 

Norway in 1848 and 1849 : containing Rambles among the Fjelds and Fjonls of the Central and 
W^tem Districts ; and inciuding R^narks on its j^Utical, iUiltUry, Ecclesiastical, and Soda! 
Organisation. ByTnoMAs Forester, Esq. With Extracts from the Journals of Lieutenant 
M. S. Biddulph, Royal Artillery. With a new Map, Woodcuts, and Ten coloured Plates 
from Drawings made on the spot. 8vo. 18 b. cloth. 

FOSS.— THE JUBGES OF ENGL ANB : 

with Sketches of their Lives, and Miscellaneous Notices connected with the Courts at West- 
minster from the time of the Conquest. By Edward Foss, F.S.A. of the Inner Temple 
Vols. 1. 11. III. and IV. 8vo. 56s. cloth. 


FRANCIS.— THE HISTORY OF THE RANK OF ENGL ANB; 

Its Tmes and Traditions. By John Francis. Third Edition. 2. vols. post Svo. 218. cloth. 
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FBANCIS.—A HISTORY OF THE ENGLISH BAIL WAT; 

Its^ social BdatiOBS Htd Bevelatbms. John Fsancis. iivols. Svo.- 31s. cloth. 

FBANCIS.—CHBONICLES AND CHABACTEBS OF THE STOCK 

EXCHANGE. ^ Jouir Francis. Second Edition. 6 to. 12s. clotb. 

GOLDSMITH.— THE POETICAL WORKS OF OLIVER GOLD- 

, SMITH. Hlnstrated by Wood Engravings, from Deigns by Members of tbe'Etohlng Gldb. 

I With h Bioanraidiieal Memoir, and Notes on the Poems. Edited by Bolton Cornet, Esq. 

Uniform with Seaaona ilhistrated by the Etching Club. Square crown 8vo. 

One Guinea, cloth ; or, bound in morocco by Hayday, aSl. IBs. 

, GOSSE.—A NATURALISTS SOJOURN IN JAMAICA. 

: By P. H. Gossb, Esq., Author of “ The Birds of Jammca,*’ “ Popular British Ornithology,' ’ 

With coloured Plates. Post 8vo. 14s. cloth, 

I GRAHAM.— ENGLISH : OR, THE ART OF COMPOSITION 

Explained in a Series of Instructions and Examples. By 6. F. Graham. New Edition, 

{ revised and improved. Fcp. 8ro. 6s. clotb. 

GURNEY.— HISTORICAL SCHETCHES, 

Illustrating some Memorable Events and Epochs, from a.i>. 1,400 to a.d. 1,546 By the Rev. 
John Hampden Gurnet, M.A., Rector of St. Mary% Mary-Ie-bone. Fcp. 8 to. 7s. 6d. cloth. 

I GWILT.—AN ENCYCLOPjEDIA OF ARCHITECTURE, 

\ Historical, Theoretical, and Practical. By Joseph Gwilt. IBustrated with more than 
One Thousand Engravings on Wood, from Designs by J. S. Gwtlt. Second Edition^ with a 
Supplemental View of the Symmetry and Stability of Gothic Architecture ; comprising upwards ^ 
of Eighty additional Woodcuts. 8vo. 528. 6d. cloth [ 

SUPPLEMENT.— Comprising a View of the Symmetry and Stability of Gothic Arcbitec- 1 
! tore; Addenda to the Glossary; and an Index to the entire Work: with upwards ot | 
Eighty Wood Eogiavings. 8vo. fe. cloth. ' | 

SIDNEY BALES NEW GENERAL LARGE LIBRARY ATLAS 

OF FIFrY>>THREB MAPS (size 20 in. by 16 in.), with the Divisions and Boundaries care- 
I ^liy coloured ; and an Alphabetical ludex of all the Names contained in the Maps, with their 

Latitude and Longitude. An entirely New Edition, corrected throughout from the be^ and 
most recent Authmties ; vritb all the Railways Imd dowo^ and many of the Maps re-drawn 
and re*migraved. (^domhier 4to. 6s. balf-boond in rnssia. 

HARRISON— ON THE RISE, PROGRESS, AND PRESENT 

^SUCTUBE of tbe ENGLISH LANGUAGE. By the Ber. H. Habbison. H.A. late 
Fellow (3i QsMtak*u Cc^ege, (^tford. Post 8ro. 88. 6d. cloth. 

HARRY HTEOVEB.—THE HUNTING-FIELD. 

By Babbt Hieoveb, AnthOT of “ Stable-Talk and Table-Talk; or. Spectacles for Tonn^ 
Sportsmen.” Witli Two Hates— One tepresentins JHeEisAf Sorts the otter, 7A« Wrong Sort. 
Ecp. 8¥». Ss, h^-boind. 

harry HIEOYEB.—PRACTICAL HORSEMANSHIP. 

By Habbt Hieoybb, Anftor of “Stable Talk and Table Talk; or, Spectacles for Toong 
SpiHtsmen.” 'Witt 3 Hates— One representing Going like Workmen; the other. Going like 
Mnfft. Fcp. 8ya. Ss. half-bonnd. 
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MBW WOB*S AT»D NEW EMTIONS 


EAKRY mEOVm.—TEE STUB, FOR PRACTICAL PURPOSES 

AND PEAOTICAIj MEN: Being a Gnide to the Choice of a Horse for nse more than 
fiHrdnm. By Har&tHieovkb, Author of^' Stable and Table Talk.” imth Two Hates 
->One reprinting A pretisi goad tort for moot purpotet ; the other ^Bagthtr ’ « bad tart for 
ang purpose, Fcp. 8ro. Ss. half-bouud. 

EARRY EIEOrER.—TEE POCKET AWE TEE STUB; 

Or, Practical Hints on tlie Hanai;ement of the Stable. By Barkt Hibover, Antborof 
" Stable-Talk and Table-Talk ; or. Spectacles for Young Sportsmen ” Second Edition 5 with 
Portrait of the Author on bis favourite Horae Barlequbt. Fcp. Sro^Ss. balf-boand. 

I EARRY EIEOVER.— STABLE TALK ANB TABLE TALK; 

or, SPECTACLES for YOUNG SPORTSMEN. By Harry Hibovrr. New Edition. 
% Tols. Sto. with Portrait, 24 a. cloth. 

i EAWKER.— INSTRUCTIONS TO YOUNG SPORTSMEN 

I In all that relates to Guns and Shooting. By Xieut.-Col. P. Hawkkr. New Edition, 
j corrected, enlarged, and improved; with Eighty-five Plates and Woodcuts by Adlardand 

I l^anston, from Drawings by C« Varley, Oickes, &c. 8vo. 2 ls. cloth. 


EAYBN’S ROOK OF BIGNITIE8 : 

Containing ROLI.S OF THE OFFICIAL PERSONAGES of the BRITISH EMPIRE, Ovil, 
EccIm astical. Judicial, Military, Naval, and Municipal, firom the EARLIBSI PERIODS to 
the PRESENT TIME; Compiled chiefly from the lieconls of the Public Offices, Together 
with the Soverigns of Europe, from the foundation of their respective States ; the Peerage 
and Nobility of Great Britain, and niunerons other Lists. Being a New Edition, improved 
and continued, of BEATSON^S POLITICAL INDEX. By Joseph Hatdn, Compiler of 
**Tbe Dictionary of Dates,’’ and other Works. 6vo. aSs. half*bound. 


engaged in Tartous braoebes ofbistf ricfO mr«reh, it wiU be a boat of constant relbteitce.” 




Booit of FtiU becimie a necessary volame in all public offices, and will be found in most libmiea a 

▼alnableVtook of reftireiice, in affording information of a kind not eiaewbere collectra together, while it may be relied on 
as recent and antbeatie." LiTAsaav Gazsttb. 

SIR JOEN EERSCEEL.— OUTLINES OF ASTRONOMY. 

By Sir John F. W. Hsrschel, Bart. &c. &c. &c. New Edition ; with Plates and Wood En- 
gravings. 8vo. 18 s. cloth. 

EINTS ON ETIQUETTE ANB TEE USAGES OF SOCIETY: 

With a Glance at Bad Habits. By kywyos, *< Manners make the man.” New Edition, 
revised (with additions) by a Lady of Rank. Fcp. 8vo. 2 s. 6d. cloth. 

LORE EOLLANES MEMOIRS. 

Hemoin of the Wh^ Party flaring xny Time. By Hrnry Richard Ia>rd BonnAND. 
Edited by hts Son, Henry Edward Lord Holland. Vot I. Post 8vo. 9 s. 6d. cloth. 

LORE EOLLANES FOREIGN REMINISCENCES.— FOREIGN 

REBEINISCENCBS. By Henry Richard Lord Holland. Comprising Anecdotes, and an 
Account of such Persons aud Political Intrigues in Foreign Countries as have fallen \rithia 
his Lordship’s observation. Edited by his Son, Henry Edward Lord Holland ; with 
Fac-simile. Second Edition. Post 6vo. lOs. 6<L 

EOLLANB.—CEAPTERS ON MENTAL PEYSIOLOGY. 

By Henry Holland, M.D., F.R.S., &c.. Fellow of the Royal Collie of Physicians ; Phy- 
sician Extraordinary to the Qneen ; and Riysician in Ordinary to His Royal Highness Prince 
Albert. 8yo. 

E00K.—TEE LAST BAYS OF OUR LORES MINISTRY: 

A Course of Lectnrea on the pdudpal Rvmits of Bassion Week. By Walter Faroduar 
H oos, D.D. Vicar of Leeds, Prebendary of Uncoln, and Chaplain in Ordinary to the ttaeen. 
New Edition. Fcp. Sro. 6s. cloth. 
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HOOKER.— KEW GARHEHS; 

Or, a Ftq^nlar Guide to Bie Eoyal Botanic Gardens of Kew. By Sir Willism Jackson 
Hooksb,K.H. D.C.I..F.R.A.&L.S. &c.fcc..l)irector. New Bditim. 16 mo. witb umeroas 
Wood E&graviiiKS, 6d. sewed. 

HOOKER AND ARNOTT.—THE BRITISH FLORA / 

! Comprising' the Phamogamous or Flowering plants, and the Ferns. The Sixth Edition, 

I with Add$^<»k8 and Corr^tiona; and nomeroos Figures illnstrative of the Umbellifi^as 
I Plants,.the Composite JRants, the Grasses, and the Ferns. By Sir W. J. Hookbe, F.R.A. 

I uid L.S. &c., and G. A. Walkbr-Asnott, LL.D. F.L.S. and R.S. Ed. ; Regins Professor 

! of Botany in the University q( Glasgow, i2mo. wHh 13 Plates, Hs. doth $ or wiUi the Plates 

coioare<^ prk% 216. 

I HORNE.— AN INTROEUCTION TO THE CRITICAL STUEY 

, aod KNOWI.EDGE of the HOLY SCRIFTCRRS. By Thomas Habtweu. Hohhb, B.D. 

j Of St. John’s College, Cambridge; Rector of the unit^ Parishes of St. Edmund the King 

and Martyr, and St. Nicholas Aeons, Lombard Street ; Prebendary of St. Paul’s. New 
i Edition, revised and corrected ; with numerous Maps and Facsimiles of Biblical Manuscripts. 

1 6 vols. 8vo. 63s. cloth; or d£’5, bound in calf. 

HORNE.— A COMPENEIOUS INTROEUCTION TO THE STUEY 

of the BIBLE. By Thomas Hautwell Horns, B.D. of St. John’s College, Cam* 

‘ bridge. Being an Analysis <4 his ^Mntroduction to the Critical Study and Know- j 

ledge of the Holy Scriptures.” New Edition, corrected and enlarged. 12mo. with Majis and { 
other Engravings, 98. boards. i 

HOWITT.—THE CHILEREN’S YEAR. . ! 

By Mart Howitt. With Four Illustrations, engraved by John Absolon, from Original 
Designs by Anna Mary Howitt. Square l6mo. 5s. cloth. * ' 

HOWITT.—THE BOY’S COUNTRY BOOK: \ 

Being the real Life of a Country Boy, written by. himself; exhibiting all the Amasemeuts, 
Pleasures, and Ihirsuits Children in the Country. Edited by William Howitt. New j 
Edition; with 40 Woodcuts. Fcp. 8vo. Os. cloth# 

HOWITT.—THE RURAL LIFE OF ENG LANE. 

By William Howitt. New Edition, corrected and revised ; with Engravings on wood, by 
Bewick and Williams i uuifonn with ViMitt to RemarkabU Places. Medium 8vo. 2ls. cloth, j 

' HOWITT.— VISITS TO REMARKABLE PLACES; \ 

Old HaHs, Battle-Fi£ld8, and Scenes illostrative of Striking Passages in Englisb History and ' 
, Poetry. By Wiujam Howitt. New Edition ; with 40 Engrarings on Wood. Medina) 8yo. ' 
2Is. clotb. ! 

SECOND SERIES, chiefly in the Counties of NORTHUMBERLAND and DURHAM, with a 
StniU along the BORDER. With upwards of 40 Engravings on Wood. Medium Svo. 

' ais. cloth. 

HUESON.—THE EXECUTOKS GUIEE. 

By Jw C. Hudson, Esq. late of the L^acy Duty Office, London ; Author of ** Plain Directions 
for fiSaking Wills,” «id “The I^u^nfs Hand-book.” New Edition. Fep, Svo. 5s. cloth. 

IIUESON— PLAIN EIRECTIONS FOR MAKING WILLS 

In Conformity with the Law, and particulariy with reference to the Act 7 Will. 4 and 1 Viet, 
c. 26. To which is added, a clear Exposition of the Law relating to the distribution of Per- 
sonal Estate in the case of Intestacy ; with two Forms of Wills, and much useful information, 
&C. By J. C. Hudson, Esq. New Edition, corrected. Fcp. Svo. 0d. cloth. 

These Two works may be had in One Volnme, 7s. doth. 
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NEW WORKS AND NEW EDITIONS 


! HUMBOLDT.— ASPECTS OP NATURE 

I in Afferent Lands and Different Climates ; ^th Sdentific Elnddaticms. By AlbxandekTon 

I HC1J1BOI.DT* Translated, wiUi the Author’s sanction and cooperation, and at his ezi^ss 
; desire, by Mrs. Sabine. New Edition. 16mo. 6$. cloth : or in 2 Tols. 38. 6d. each, cloth ; 
Half-a-Crown each, sewed. * 

BARON HUMBOLDTS COSMOS I 

Or, a Sketch of a Physical Description of the Universe. Translated, with the Author’s unction 
and co-operation, and at his express desire, nnder the soperintendence of Uentenant-Colonel 
Edward Sabine, R.A. V.P.andTreas. R.S. Vols.I. and II. l6]no. Half-a-Crown each, sewed ; 
8s. 6d. each, cloth : or in post 8vo. 12s. each, cloth.— Vol. I II. ^rt I. post 8vo. 6s. (doth : or in 
16mo. sewed ; 38 . 6d. cloth: Fart II. post 8vo. 78 cloth ; and in 16mo. Ss. sewed,or4s. 
cloth. 

HUMPHREYS.— SENTIMENTS dk SIMILES OF SHAXSPEARE ; 

I A Classified Selection of Similes, Definitions, Descriptions, and other remarkable Pass^es in 
Shakspeare’s Plays and Poems With an elaborately illnminated border in the characteristic 
style of the Elizabethan Period, and other Embellishments. Bound in very massive carved 
and pierced covers containing in deep relief a medallion Head and Cypher. The>> Ulami- 
nations and Ombments designed and executed by Henry Noel Humphreys. Square post 
I 8vo. One Guicea. 
i 

I MRS. JAMESONS LEGENDS OF THE MONASTIC ORDERS, 

\ as represented in the Fine Arts. Containing St. Benedict and the Early Benedictines tn 
Italy, France, Spain, and Flanders; the Benedictines in England and in Germany; the 
Reformed Benedictines; early Royal Saints connected with the Benedictine Order; the 
« Augustines; Orders derived from the Augustine Rale; the Mendicant Orders; the Jesuits; 
and the Order of the Visitation of St. Mary. Forming the Second Series of Sacred and 
Lcgendat^ Art, With Eleven Etchings by the Author, and 84 Woodcuts. Square crown 8vo. 
38s. cloth. , 

MRS. JAMESON’S SACRED AND LEGENDARY ART i 

I Or, I<egends of the Saints and Martyrs. First Series. Containing L^ends of tiiie Angels 
and Archangels ; the Evangelists and Apostles ; the Greek and Latin Fathers; Magda- 
lene ; the Patron Saints ; the Virgin Patronesses ; the Martyrs ; the Bishops ; the Hermits ; 
and the Warrior-Saints of Christendom. Second Edition, printed in One Volume for 
the couvenience of Students and Travellers; with numerous Woodcuts, ai^ Sixteen 
Etchings by the Aathor. Square crown 8vo. 28s. cloth. 

MRS. JAMESON’S LEGENDS OF THE MADONNA, 

As represented in the Fine Arts. Formiugthe Third and concluding Series of Sacred and 
' Legendary Art. By Mrs. Jameson, Aathor of ** Characteristics of Women,” &c. With 
I Etdiings by the Author, and Engravings on Wood. Square crown 8vo. [Iw the press. 

i JEFFREY.— CONTRIBUTIONS TO TME EDINBURGH REVIEW. 

I By Francis Jeffrev, late One of the Jndges-of tiie Court of Session in Scotland. 
S^nd Edition. 3 vote. 8T0.r 42s. cloth. 

! BISHOP JEREMY TAYLORS ENTIRE WORKS: 

\ With the Life by Bishop Heber. Revised and corrected by the Rev. Chari.es Page 
I Eden, Fellow of Oriel College, Oxford^ In Ten Volumes, Vols. II. to IX. 8vo. price Haif-a- 

I Guinea'^urh. 

S* The l^rst Volume Qast in order of puhUeation) will contain Ksbop Heber’a Life of 
Jeremy Taylor, extended by the Editor. — ^Vol. X. is in the press. 

BISHOP JEREMY TAYLOR.— READINGS FOR EVERY DAY 

in LENT: compiledfrom the Writingsof Bishop JeremvTatlob. BytbeAn^or.of ** Amy 
Herbert,” “The Child’s First History of Rome,” &c. Pep. 8vo. 5s. cloth. 
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JOHNSTON.— A NJEJT HICTIONART OF GFOGBAFHT, 

Descriptive Fbysical, ^atistiieal» and HUtoiieal: ft>natQS » comptete Ci^ieral Ga*etteer of 
theWorid. By Alexander Keith Johnston, F.R.S.E. F.B.Cr.S- F.G.S. ; Gec^rapher at 
Ediuburg^h in Ordinary to Her Majesty ; Author of The Physical Attos of Natural Phaeno- 
mena.*’ In One Volume of 1,440 pages; comprising nearly Fifty Thonsand Names 
of Places. 8vo. 36s. cloth ; or strongly half-bound in russia, with flexible back, price 418. 

KEMBLE.— TEH SAXONS IN ENGLANH : 

a History of the English Commonwealth till the period of the Norman Conqueid. By John 
Mitchell Kemble, M.A., F.C.F.S., &c. % vols. 8vo. 286. cloth. 

KIRBY d SPENCE.— AN INTRODUCTION TO ENTOMOLOGY; 

Or, Elements of the Natural History of Insects : comprising an account of noxious and useful 
Insects, of their Metamorphoses, Food, Stratagems, Habitations, Societies, Motions, Noises, 
Hybernation, Instinct, &c. By W. Kirby, M.A. F.R.S. & L.S. Rector of Barham ; and W. 
Spence, Esq. F.R.S. & li.S. New Edition. 2 vols. 8vo. with Plates, 318. 6d. cloth. 

LAING.— NOTES ON THE POLITICAL AND SOCIAL STATE 

of DENMARK and the DUCHIES of HOLSTEIN and SLESWICK. By Samuel Laing, 
Esq., Author of Journal of a Residence in Norway,” ** A Tour in Sweden,’* “ Notes of a 
Traveller,” &c. 8vo. [In the press, 

LAING.— OBSERVATIONS ON THE SOCIAL AND POLITICAL 

STATE of the EUROPEAN PEOPLE in 1848 and 1849: being the Second Series of 
“ Notes of a Traveller.” By Samuel Laino, Esq. Author of “ A Journal of a Residence in 
Norway,” “ A Tour in Sweden,” the Translation of ** The Heimskringla,” and of ” Notes of 
a Traveller on the Social and Political State of France, Pmssia, &c.” 8vo. 145. cloth. 

LARDNER.—THE GREAT EXHIBITION d LONDON IN 

Reviewed by Dr. Laboner, Michel Chevalier, John LEMOiNNB,and Hector Berlioe. 
8vo, {Nearly ready, 

LATHAM.— ON DISEASES OF THE HEART. 

Lectures on Subjects connected with Clinical Medicine; comprising Diseases of the Heart. 
By P. M. Latham, M. D., Physician Extraordinary to the Queen ; and late Physician to St. 
Bartholomew’s UospitaL N^w Edition. 3 vols. 12mo» 16s. cloth. 

LEE.— ELEMENTS OF NATURAE HISTORY; 

Or, First Principles of Zoology. For the use of Schools and Young Persons. Comprising 
the Principle of Clasriflcation interspersed with amusing and instmctive original Accounts 
of the most remarkable Animals. By Mrs. R. Lbs. New Edition, revised and enlarged, 
with numerbns additional Woodcuts. Fcp. $vo. Ts. 6d. cloth. 

I. E. I.— THE POETICAL WORKS OF LETITIA ELIZABETH 

LANDON; comprisingtheIMPROVISATRICE,theVENETUN BRACELET, the IlOLDBN 
VIOLET, the TROUBADOUR, and other Poetical Remains. New Edition, uniform with 
Moore’s Songs, Ballads, and Sacred Songs f with 2 Vignettes by Ririiard Doyle. 8 vols. 
l6mo. 10s. cloth ; morocco, 2l8. 

LETTERS ON HAPPINESS, AHDRESSED TO A FRIEND. 

By the Authoress of “ Letters to My Unknown Friends,” “ Twelve Years Ago, a Tale,” 
“ Some Passages from Modem History,” and “Discipline.” Fcp. 8vo. 68. cloth* 

LETTERS TO MY UNKNOWN FRIENDS. 

By A Lady, Authoress of “ Letters on Happiness,” “Twelve Tears Ago,” “ DisoipMni^” and 
** ;:ome Passages from Modern History.” 3d Edition. Fcp. 8vOk 6Sh doth. 


HIBW WORKS AND NEW EDITIONS 


LAMDNES8 CABINET CYCLOPEDIA. 

The Cabinet Cyclopaedia of History, Biography, Literature, the Arts and Sciences, Natural 
History, and Bfanofactnres, GomprislngaSeiiesof Original Works by Sin John Herschbl, 
* Sir James Mackintosh, BoBBBTSo(rrHBT,SiB Datid Brbwstbb, Thom asKbkihtlet, 

John Forster, Sir Wartbr Scott, Thomas Hoorb, ^bop Th irlwai.!., the Rev. G. R. 
Gleio,J. C. L.Db SiSMONDi, John Phii<i<ips, F.R.S. G.S, and other eminent Writers. 
132 vols. fcp. 8to. with Vignette 'RUes. price Ntneteen Guineas, clotb.—The works sepa- 
rately, in Sets or Series, price Three Shillings and Sixpence each Volume. 


The complete Series comprises the following Works t — 


1 . Bell’s History of Russia. 3 vols. 10s. 6d. 

2. Bell’s Lives of British Poets . . 2 vols. 7s. 

3. Brewster’s Optics I vol, 3s. 6d. 

4. Cooley’s Maritime and Inland 

Discovery 3 vols. lOs. 6d. 

5. Crowe’s Hi8t<Hry of France .. 3 vols. 1(^ 6d. 

6. De Morgan on Probabilities . . l vol. 3s. 6d. 

7. De ^aomndi’s Histmy of the 

Italian- Republics 1 vol. Ss. €d. 

8. DeSismondi’sFalloftbeRoman 

Empire. 2rol8. 7s. 

0. Donovan’s Chemistry 1 voL Ss. 6d. 

10. Donovan’s Uom'estic Economy 2 vols. 7s. 

11. Dunham’s Spain & Poitugal 5 vols. 17s. 6d. 

12. Dunham’sHiatory of Denmark, 

Sweden, and Norway 3 vols. iOs. 6d 

13. Dunham’s History of Poland. . 1 vol. Ss. 6d. 

14. Danharo’s Germanic Empire 3 vols. lOs. 6(1. 

15. Dunham’s Europe daring the 

Middle Ages 4 vols. I4s. 

16. Dunham’s British Dramatists 2 vols. 7s. 

17. Dunham’s Lives of Early Wri- 

ters of Great Britain 1 vol, 8s. 6d. 

18 . Fergus’s History of theUnited 

States 2 vols. ta. 

19. Fosbroke’s Greek mid Roman 

Antiquities 2 vols. ?8. 

20. Forster’s Lives of the States^ 

men M the Commonwealth 5 vols. 178. 6d. 
2L trig’s lives of British Mili« 


bury Commanden .... 

. . . . S vote. 

Ms. 

6d. 

32. Grattan^ History of the 

Ne- 



therlaiids 

,*..1 v<d. 

is. 

6d. 

23. H»ido<F’a Botany ...... 

■ *..1 TOl. 

8s. 

8d. 

24. Herschri’s Astronomy .. 

. . . . 1 TOU 

88. 

fid. 

Harschd’s Discourse on 

Na- 



tura! Fhilosoifiiy 

....1 vol. 

ts. 

fid. 

26. History of Rome 

2 vola. 

78, 


27. History of Switserland . . 

1 TOl. 

8s. 

6d. 

28 . HoHand’s Manufactures 

in 




Metal 3 volt. IOs. 6d. 

29. James’slivesofFtHi^in^tea- 

BU31 5 voU. 17s. 6d. 

30. Eater & Lardncar’s Meetoics 1 v^. Os. 6d. 

31. Ke^tley^Ontlinesof Hist. 1 vid. 3s. 6d. 

SO. Lardneris Arithmetic I vol. 3s. 6d. 

33. Lardner’s Geometry I vol. 3s. 6d. 


Lardner on Heat 1 vol, Ss. 6d. 

Lardner’s Hydrostatics and 
Poenmatics 1 vol. 3s. 6d. 

Lardner & Walker’s Electricity 
and Magnetism 2 vols. 7s. i 

Mackintosh, Forster, and 
Courtenay’s Lives of British 
Statesmen 7 vols. 24s. 6d. 

Mackintosh, Wallace, & Bell’s 

History of England 10 vols. 358. 

Montgomery and Shelley’s 
Eminent Italian, Spanish, 
and Portuguese Authors 3 vols. IOs. 6d. 

Moore’s History of Ireland.. 4 vols. 148. 

NIcolas’sCbronology of Hist. 1 vol. 3s. 6d. 

Phillips’s Tresti&e on Geology, 2 vols. 78, 

Powell’s History of Natural 
Philosophy 1 vol. 33. €(J. 

Porter’s Treatise on the Manu- 
facture of Silk .1 vol. 8s. 6d. 

Porter’s Manafactures of 

Porcelain and Glass ....... I vol. 3s. 6d. 

Roscoe’s British Lawyers . 1 vol. 3s. 6d. 

Scott’s History of Scotland . . 2 Yols. 78. 

. Shelley’s lives of Eminent 

French Authors 2 v(ds. 7 b. 

Sbuckarddc Swaisscm’a Insects, I toL 3s. 6d. 

Southey’s laves British Adr 
mirals ...A vols. I7s. 6d. 

. StebUng’s Qioreh Hktory ..2vels. 78. 

. StebbiDg*8 History of the Re* 

fbrmaticm .... 2 vols. ts. 

. Swainsoa’s INscourse on Na- 
tural History vol. te. 6d. 

. Swaioson’s Natural History St 

Qassihcation of Animals . . 1 vol* 8s. 6d. 

Swainson’s Habits & Instincts j 

of Animals 1 voL 3s. 6d. 

. SwainMn’s Birds 2 vols. 7s. 

. Swainson’s Fish, Reptiles, &c. 2 vtrfs. 78. j 

Swaiusou’s Quadrupeds 1 vol. 38. 6d. 

Swainson’s ^elis& Shell-fish, 1 voL Ss. 6d. 

> Swainsoo’s ATiim^ia ia 

geries Ivtd. 88.6d. 

Swainson’s Taxi^rmy and 
Bibliography 1 vol. Ss. 6d. 

ThirlwaU’s Historv of Greece, 8 vols. 28 a. 
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LINBLEY.— INTRODUCTION TO BOTANY. 

By J. Bindley, Pb.D. F.ES. LS. &c. Professor of Botany in Vnireraity COBege, London. 
New Edition, with Corrections and copions Additions. 3 Tols. 8to. with Six nates and 
nmnerons Woodcuts, 24s. cloth. 

LINDSAY.— OUR NAVIGATION AND MERCANTILE MARINE 

LAWS considered with a view to their g;eneral Revision and Consolidation ; also, an Inquiry 
into the inrindpal Maritime Institutions. By W. S. Lin ns at. 8vo. 78. 6d. cloth. 

j LINWOOD.—ANTHOLOGIA 0X0NIENSI8, 

I Sive Florilegium e lusibus poeticis diversomm Oxoniensiam Gnecis et Latinis decerptnm. 

I Curante Gulibumo Linwood, MJ^. .£dis Christi Alnmmo. 8vo. 14s, cloth. 

I LITTON— THE CHURCH OF CHRIST, '\ 

j In its Idea, Attributes, and Ministry : With a particular reference to the Controversy on the 

I Subject between Romanists and Protestants. By the Rev. Edward Arthob Litton, M.A., 

, Perpetual Curate of Stockton Heath ; and Vice-Principal of St. Edmund Hall, Oxford. 8vo. 
iGs. cloth. 

" This vohitne is written in partknlar reference to the controTcrgy on the rahject nsnr ed in the title-page, which exists 
between Bomahtets and Protestants.... The antagonism o( Rome is upheld by men of learning, and it requires to be met 
by men similarly qualified. As aid towards attaining such qualification, Mr. Litton'g worh will be found of use : 

«' ■ til ii if I" i" , ‘'■■I'' I'i ‘ ^ * *1 . ‘ ‘ • and earnestness. It will be found 

. I' i «• U‘ ii.'v "« • ■ , }, * • . • h • »• . • .1 one it wiU spare much trouble— 

I .1 .i a <■ I I > A , , * ' ** • ' to such an inquirer and thinAer a 

" ■ ...'i.'.i I ■. *1. • • > «■ '.I • 4 j.j • t; • •; ‘'ijV-s * Cbdrch AND State Gaxette. 

! LORIMER.— LETTERS TO A YOUNG MASTER MARINER 

On some Subjects connected with his CaHing*. By the lata Charles Lorimsr, New Edi- 
: tion. Fcp. 8vo. 3s. 6d. cloth. 

I LOUDON.- THE AMATEUR GARDENERS CALENDAR: 

Being a Monthly Guide as to what should be avoided, as well as what should be done, in a 
I Garden iu each Month : with plain Rules hovo to do what is requisite ; Directions for Laying 
I Out and Planting Kitchen and Flower Gardens, Pleasure Grounds, and Shrubberies; and a 
I short Account, in each Mouth, of the Quadrupeds, Birds, and Insects then most injurious to 
I Gardens. By Mrs. Loudon. 16aio. with Wood Engravings, 7s. 6d. cloth. 

I LOUDON.-THE LADY’S COUNTRY COMPANION; 

^ Or, How to Enjoy a Country life Rationally, By Mrs. Loudon, Author of “ Gardening for 

< Ladies,’’ &c. New Edition ; with Plate and Wood Engravings. Fcp. 8to. 7& 6d. cloth. 

1 

LOUDON’S SELF-INSTRUCTION FOR YOUNG GARDENERS, 

Foresters, Baflififs, Land Stewards, and Farmers; in Arithmetic, Book-keeping, Geometry, 
j Mensiirarion, Practical Trigonometry, Mechanics, Land-Surveying, Levelling, Planning and i 
i Mapping, Architectural Drawing, and Isometrical Projection and Perspective ; with Examples | 
{ shewing their applications to Horticulture and Agricultural Purposes. With a Portrait of 
I Mr. Loudon, and a Memoir by Mrs. Loudon. 8vo. with Woodcuts, 7s. 6d. cloth. 

LOUDON’S ENCYCLOPEDIA OF GARDENING; 

Complying the Theory and Practice of Horticulture, Floriculture, Arboriculture, and Land- 
scape Gardening : including all the latest improvements ; a General History of Gardening in 
all Countries; and a Statistical View of its Present State : with Suggestions for its Future 
Progress in the ^ntish Isles. Illustrated with many hundred Engravings on Wood by. 
Branston. New Edition, corrected and improved by Mrs. Loudon. 8vo. 50s. cloth. 

LOUDON’S ENCYCLOPEDIA OF TREES AND SHRUBS: 

beiB^ the Ariarttum et Fraticetmm Britcamiotm abridged; contauung the Hardy Trees 
and Shmbs of Great Britain, Native and Foreign, SdentificaBy and Popularly Described ; 
with their Propagation, Coltnre, and Uses in the Arts; and with Engrarings of nearly all 
the Species. Adapted for the use of Nnraerymen, Gardeners, and Foreeters. Wtbabont 
3,000 Engrarings on Wood. Sro. eSi. 10 s. cloth. 


SEW WORKS ASD SEW EDITIONS 


Ift 


LOVBON’S mCTCLOFMBIA OF AGBICULTUBF : 

Comprumf tliel^eory and Practice of tbe Valuation, Transfer, Laying-oot, Improvement, 
and Mmi^p«n^t of limded Property, and of the CnlUvatioa and Economy of tlm Animai ami 
y^table productions of Ag^ricnlture: including all the latest improvemmtt^a general History 
of Agriculture in all Countries, a Statistical View of its present State, with Suggestions for 
its future progress in the British Isles. New Edition ; with upwards of 1,100 Engravings on 
Wood. 8vo. £2. 10s. cloth. 

LOVBOWS FNCTCLOFMBIA OF PLANTS; 

Including all the Plants which are now found in, or have been introduced into, Great Britain ; 
giving their Natural History, accompanied by such descriptions, engraved figures, and 
elementary details, as may enable a beginner, who is a mere English reader, to discover the 
name of every Plant which he may find in flower, and acquire all the information respecting 
it which is useful and interesting. Tlte Specific Characters by an Eminent Botanist ; the 
Ihawings by J. D. C. Sowerby. New Edition, corrected throughout, and brought down to 
the year 1^2, by Mrs. Loudon. \Iu the press, 

LOUDON’S FNCFCLOFMDIA OF COTTAGE, FARM, AND 

VILLA ARCHITECTURE and FURNITURE ; containing nmnerons Designs, from the Villa 
to the Cottage and the Farm, including Farm Houses, Farmeries, and other Agricaltnrai 
Buildings ; Country inns, Public Houses, and Parochial Schools; with the requisite Fitting- 
up. Fixtures, tod Furniture, and appropriate Offices,' Gardens, and Gaiden Scenery: each 
Design accompanied by Analytical and Critical Remarks. New Edition, edited by Mrs. 
Loudon. With more than 2,000 Engravings on Wood. Svo. £2, Ss. cloth. 

LOUDON’S HORTUS BRITANNICUS ; 

Or, Catalogue of all the Plants indigenona to, cultivated in, or introduced into Britain. An 
entirety New Edition, corrected throughout : With a Supplement, including all the New 
Plant., and a New General Index to the whole Work. Edited by Mr*. Loudon : asti.sted by 
W. H. Baxtbb, and David Woostbr. Svo. 31s. 6d. cloth. 

SUPPLEMENT, including all the Plant* introduced into Britain, all the newly-discovered 
Britiah Species, and all the kinds originated in British Gardens, up to March 18SO. With 
a New General Index to the whole Work. By W. H. Baxtbb and D. Wooster, under 
the diiectKHi of Mrs, Loudon. Svo. ]4a. cloth. 


LOW.— ELEMENTS OF PRACTICAL AGRICULTURE; 

Comprebendiog the Cultivation of Plauts, the Husbandry of the Domestic Animals, and the 
Economyof the Farm. ByD. Low, Esq. F.R.S.E. New Edition, with Alterations mid Addi> 
rions, and an entirely new set of above 200 Woodcuts. 8vo. 21s. cloth* 

LOW.— ON LANDED PROPERTY, 

And the ECONOMY of ESTATES; comprehending the Relation of Landlord and Tenant, 
mid the Priactides and Forms of Leases ; Farm-Buildings, Enclmmres, Drains, fonbank- 
ments, and oth^ RnrM Works; Minerals; and Woods. By David Low, Esq. F.E.S.E. 
8vo. with nunmous Wood Engravings, 31s. doth. 


MACAULAY.— THE HISTORY OF ENGLAND FROM THE 

ACCESSION OF JAMES II. By Thomas Babington Macadi.at. New Edition. 
Toh. 1. and IL Svo. 32s. cloth. 


MACAULAY.— CRITICAL- AND HISTORICAL ESSAYS CON- 

TBIBUTED to The EDINBURGH REVIEW. By Thomas Babinoton Macaulay. 
New Editimi, ccnspiete in One Volume ; with Portrait by £. U. Eddls, engraved in line by 
W.&enthBCb, and Vignette. Square crown Svo. Its. doth; 30s. calf extra by Hayday.— Or 
B3veis.Svo. afis. doth. 
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MACAULAY.— LAYS OF AMCIENT ROMM: 

With IVRY and The Armada. By Thomas Babinotox Macaulay. New Edition. 
l6mo. 48. 6d. cloth ; or lOs. 6d. bound in morocco by Hayday. 

MR. MACAULAY’S LAYS OF ANCIENT ROME. 

With numerous Illustrations, Original and from the Antique, drawn on Wood by Geoi^e 
Scharf, Jun. and engraved by Samuel Williams. New Edition. Fcp, 4to. 21 b. boards ; 
or 428. bound In morocco by Hayday. 

MACRON ALL). —VILLA VEROCCHIO ; 

Or, the YOUTH of LEONARDO DA VINCI : a Tale. By the late Diana Louisa Mac- 
donald. Fcp. Svo. 6s. cloth. 

MACKAY.—TEE SCENERY A POETRY OF THE ENGLISH 

• LAKES : A Summer Ramble. By CharlesMackay, Esq. LL.D., Author of ‘^The Salaman' 
drine,” &c. With beautiful Wood Engravings from Original Sketches. A New and cheaper 
Edition, with additional Illustrat ons. Post avo. 7s. 6d. cloth. 

MACKINTOSK—SIR JAMES MACKINTOSHES MISCELLA- 

NEOUS WORKS; including his Contributions to The EDINBURGH REVIEW. A New 
Edition, complete in One Volume ; with Portrait engraved in line by W. Greatbach, 
and Vignette. Square crown 8vo. 218. cloth ; or SOs. calf extra by Hayday. 

MCULLOCII.—A TREATISE ON THE CIRCVMSTANCES 

which DETERMINE the RATE of WAGES and the CONDITION of the LABOURING 
CLASSES. By J. R. McCulloch, Esq. Fcp. Svo 3s. 6d. cloth. 

MCULLOCH.—A DICTIONARY, PRACTICAL, THEORETICAL, 

AND HISTORICAL, OF COMMERCE AND COMMERCIAL NAVIGATION. Dins- 
trmted with Maps and Plans. By J. R. McCulloch, Esq. New Edition (1851), corrected, 
enlarged, and improved: Including a New Supplement. 8vo. SOs. cloth ; or 558. half- bound 
in russia with flexible back. 

%* The New Supplement may be had separately, price 4s. 6d. sewed. 

M‘CULLOCH.—A DICTIONARY, GEOGRAPHICAL, STATIS- 

TICAL, AND HISTORICAL, of the various Countries, Places, and Principal Natnral Objects 
in the WORLD. By J. R. McCulloch, Esq. Illustrated with 6 large Maps. New Edition, 
corrected, and in part re>written ; with a Supplement. 2 vols. Svo. 63s. cloth. 

M‘CULLOCH.—AN ACCOUNT, DESCRIPTIVE AND STATIS- 

TICAL, of the BRITISH EMPIRE; exhibiting its Extent, Physical Capacities, E^pulation, 
Industry, and Civil aad Religious Institutions. By J. R. M‘Culloch, Esq. New Edition, 
corrected, enlai^ed, and greatly improved 2 thick vols. Svo. 428. cloth. 

M‘CULLOCH.—A TREATISE ON THE PRINCIPLES AND 

PRACTICAL INFLUENCE of TAXATION and the FUNDING SYSTEM. By J. R. 
M'Cclloch, Esq. Second Edition (1S52), corrected, enlarjfed, and improved. Svo. 16s. 
cloth. 

MAITLAND — THE CHURCH IN THE CATACOMBS: 

•A Description of the Primitive Church of Borne. lUnatrated by ita Sepulchral Bemains. By 
Chablbs Maitland. New Edition, corrected; with nnineroua Wood.cuts. Svo. 14s. 
cloth. 

D 
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NEW WORKS AND NEW EDITIONS 


MARCET.—CONrmSATIONS ON CHEMISTRY; 

In which the Elements of that Science are familiarly Explained aud Illustrated by Experiments, 
By Jane Marcet. New Edition, entailed and improved. 2 vols. fcp, 8vo. 14s. cloth. 


MARCET.—CONVERSATIONS ON NATURAL PHILOSOPHY; 

In which the Elements of that Science are familiarly explained. By Jane Marcet. New 
Edition, enlarged and corrected. Fcp. 8vo. with 23 Plates, 10s. 6d. cloth. 


MARCET.— CONVERSATIONS ON POLITICAL ECONOMY; 

In which the Elements of that Science are familiarly explained. By Jane Marcet. New 
Edition revised and enlarged. Fcp. 8vo. 7s. 6d. cloth. 

MARCET.- CONVERSATIONS ON VEGETABLE PHYSIOLOGY; 

comprehending the Elements of Botany, with their application to Agriculture. By 
Jane Marcet. New Edition. Fcp. 8vo. with 4 Plates, 9s. cloth. 

MARCET.— CONVERSATIONS ON LANE ANB WATER. 

By Jane Marcet. New Edition, revised and corrected. With a coloured Map, shewing 
the comparative altitude of Mountains. Pep. 8vo. 58. 6d. cloth. 


MARRYAT.—MASTERMAN RE.LDY; 

Or, the Wreck of the Pacific. Written for Young People. By Captain F, Marryat, C.B. j 
Author of “ Peter Simple,” &c. A New Edition, complete in Two Volumes ; with numerous ( 
Wool Engravings. 2 vols. fcp. 8vo. I2s. cloth. j 

1 

MARRYAT— THE MISSION; 

Ur, Scenes in Africa. Written for Young People. By Captain F. Marryat, C.B. Author of 
^^Mastennan Ready,” &c, 2 vols. fcp. 8vo. 128. cloth. 

MARRYAT — THE PRIVATEEH S-MAN ONE HUNBREB 

YEARS AGO. By Captain F. Marryat, C.B. Author of “Masterman Ready,” &c. 2 vols* 
fcp. 8vo. 12s. cloth. 

MARRYAT.— THE SETTLERS IN CANABA. 

Written for Young People. By Captain F. Ma rryat, C.B. Author of “ Mastermui Ready,” 
&c. New Edition. Fcp. 8vo. with 3 Illustrations, Ts. 6d. cloth. 

MAUNBER.—THE BIOGRAPHICAL TREASURY; 

Consisting of Memoirs, Sketches, and brief Notices of above 12,000 Eminent Persons of all Ages 
and Nations, from the Earliest Period of History; forming a new and complete Dictionary 
of Universal Biography. By Samuel Maunder. A New and carefully-rerised Edition, 
corrected throughout, and extended by the introdnetion of numerous additional Lives. Fcp. 
8to. lOs. cloth; bound in roan, 12s. 


MAUNBER.—THE TREASURY OF HISTORY; 

Comprising a General Introductory Outline of Universal History, Ancient and Modem, and a 
Series of separate Histories of every principal Nation that exists; their Rise, Progress, and 
Present Conation, the Moral and SociM Character of their respective inhabitants, tiieir 
Reltgion, Manners and Cmtoms, &c. By Samuel Maunder. NewEdirion. Fep.Svo. lOs. 
cloth ; bound in roan, 12s. 
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MAUNDEB.—THE SCIENTIFIC d LITEBABY TREASURY ; 

A new and popular Encyclopeedia of Science and the Belles-Letti^ ; including all Branches of 
Science, and every Subject connected with Literature and Art. The whole written in a familiar 
st)'le, adapted to the comprehension of all persons desirous of acquiring information on the 
subjects comprised in the work, and also adapted for a Manual of convenient Reference to the 
more instructed. By S. Maunder. New Edition- Fcp. 8vo. lOs. cloth; bound in roan, 12s. 

MAUNEER.—TIIE TREASURY OF NATURAR HISTORY; 

Or, a Popular Dictionary of Animated Nature : in which the Zoolog;ical Characteriatics that 
distin^ish the different Classes, Genera, and Species are combined with a variety of interest* 
in^ Information illustrative of the Habits, Instincts, and General Economy of the Animal 
Kingdom. To which are added, a Syllabus of Practical Taxidermy, and a Glossarial 
Appendix. Embellished with 900 accurate Engravings on Wood, from Drawings made 
expressly for this work. By Samuel Maunder. New Edition. Fcp. 8vo. lOs. cloth ; 
bound iu roan. 12s. 

MAUNDER.— THE TREASURY OF KNOWLEDGE, 

And LIBRARY of REFERENCE. Comprising an English Gr.immar; Tables of English 
\erbal Distinctions ; Proverbs, Terms, and Phrases, in L:itin, Spanish, French, and Italian, 
tianslated; New and Enlarged English Dictionar>' ; Directions for Pronunciation; New 
Universal Gazetteer; Tables of Population and Statistics; List of Cities, Boroughs, and 
Market Towns m the United Kiugdom; Regulations of the General Post Office; List of Foreign 
Animal, Vegetable, and Mineral Productions; Compendious Classical Dictionary ; Scripture 
Proper Names accented, and Christian Names of Men and Women: with Latin Maxims 
translated; List of Abbreviations ; Chronology and History; compendious Law Dictionary ; 
Abstract of Tax Acts ; Interest and other Tables; Forms of Epistolary Address ; Tables of 
Precedency ; Synopsis of the British Peerage ; and Tables of Number, Money, Weights, and 
Measures. By Samuel Maunder. New EditioD, revised throughout, and greatly enlarged. 
Fcp. 8vo. lOs. cloth ; bound in roan, 12s. 

MERIVALE.—A HISTORY OF THE ROMANS UNDER THE 

EMPIRE. By the Rev. Charles Meriv.ale, B.D., late Fellow and Tutor of St. 
John^s College, Cambridge. Vols. I. and 11. 8vo. 28s. cloth. 

The THIRD VOLUME ; Completing the History to the Establishment of the Monarchy 
by Augustus. 8vo. 14s. cloth. 

JAMES MONTGOMERY’S POETICAL WORKS. 

With some additional Poems, and the Author's .Autooiographical Prefaces. A New Edition, 
complete in OneVtffume; with Portrait and Vwnette. Square crown 8vo. 10s. 6d. cloth; 
morocco, 21s.- Or, in 4 vols. fcp. 8vo. with Portrait, and Seven other Plates, 20s. cloth; 
morocco, 36s. 

MOORE.- HEALTH, DISEASE, AND REMEDY, 

Familiarly and practically considered in a few of tlieir relations to the Blood. By Georob 
Moore, M.D. Member of the Royal Collie of Physicians. Post 8vo. 7s. 6d. cloth. 

MOORE.— MAN AND HIS MOTIVES. 

By George Moore, M.D., Member of the Royal College of Physicians. New Edition. 
I^Kst 8vo- Ss. cloth. 

MOORE.-THE POWER OF THE SOUL OVER THE BODY, 

Consideiedin relation to Health and Morals. By George Moore, M.D. Member of the 
Royal College of Physicians. New Edition. Post Svo. 7a. 6d. cloth. 

MOORE.— THE USE OF THE BODY IN RELATION TO THE 

MIND. By Geobgb Moore, M.D. Member of the Royal College of Physicians. New 
Edition. Post 8vo. 9s. cloth. 
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20 NEW WORKS AND NEW EDITIONS 


THOMAS MOORE'S POETICAL WORKS; 

ContftiDing the Author’s recent Introduction and Notes. Complete in One Yolume, uniform 
with Lord Byron’s and Southey’s Poems. With a Portrait by George Richmond, engraved 
in line, and a View of Sloperton Cottage. Medium 8vo. 21 s. cloth ; morocco by Hayday, 42s. 
—Or, in 10 vols. fcp. 8vo. with Portrait, and 19 Plates, j^2. 10s. cloth ; morocco, dSi, lOs. 


MOORE.— SONGS, BALLADS, ANH SACRED SONGS. 

By Thomas Moore, Author of “Lalla Rookh,” Irish Melodies,” &c. First collected 
Edition, uniform with the smaller Edition of Mr. Macaulay’s Lays of Andeni Rome with 
Vignette by R. Doyle. 16mo. 5s. cloth; 12s. 6d. smooth morocco, by Hayday. 

MOORE’S IRISH MELODIES. 

New Edition, uniform with the smaller Edition of Mr. Macaulay’s Lays of Ancient 
Rome. With the Autobiographical Preface from the Collective Edition of Mr. Moore’s 
Poetical Works, and a Vignette Title by D. Maclise, R.A. 16mo. 5s. cloth ; 12s. 6d. smooth 
morocco, by Hayday. — Or, with Vignette Title by E. CorboUld, Icp. 8vo. lOs. cloth ; bound 
in morocco, ISs. 6d. 

MOORE’S IRISH MELODIES. 

lUostrated by D. Maclise, R.A. New and Cheaper Edition ; with Ifil Designs, and the 
whole of the Letterpress engraved on Steel, by F. P. Becker. Super-royal 8vo. 31$. 6d. ; 
bound in morocco by Hayday, j£r2. 12s. 6d. 

* 4 ^ The Original Edition, in imperial 8vo , price 638. boards ; morocco, by Hayday, 
14b. 6d. ; proofs, 6s. boards,— may still be bad. 

MOORE’S LALLA ROOKH; AN ORIENTAL ROMANCE. 

New Edition, uniform with the smaller Edition of Mr. Macaulay’s Laye of Ancient Rome. 
With the Autobiographical Preface from the Collective Edition of Mr. Moore’s Poetical 
Works, and a Vignette Title by D. Maclise, R.A. 16mo. 5s. cloth ; 128. 6d. smooth morocco, 
by Hayday.— Or, in fcp. 8vo. with Four Engravings from Paintings by WestaiJ,l05.6d.cioth; 
bound in morocco, 14s. 

MOORE’S LALLA ROOKH: AN ORIENTAL ROMANCE. 

With 13 highly-finished Steel Plates frt)m Designs byCorbouJd, Meadows, and Stepbanoflf, 
engraved under the superintendence of the late Cbaiies’ Heath. New Edition, uniform in 
size with ThomeoiCe Seasons and GoidsmitMt Poems illustrated by the Etching Club. Square 
crown svo. 15s. cloth; morocco, 288. 

A few copies of the Original Edition, in royal 8 to. price One Guinea, stIU remain. 

MOSELEY.— TEE MECHANICAL PBINCIPLES OP ENGL 

NEERING AND ARCHITECTURE. By the Rev. H. Moseley, M.A., F.R.S., Professor of 
Natural Philosophy and Astronomy in King’s College, London. Svo. with Woodcuts and 
Diagrams, 24s. cloth. 

MOSELEY.— ILLUSTRATIONS OF PRACTICAL MECHANICS. 

By the Bev. H. Moseley, M.A., Professor of Natural Philosophy and Astronomy in King’s 
CoU^, London. New lotion. Fcp. 8yo. with numerous Woodcuts, 8s. cloth. 

MOSHEmS ECCLESIASTICAL HISTORY, 

Ancient and Modern. Translated, with copious Notes, by James Mdkdoce, D.D. New 
Edition, revised, and continued to the Present Time, by the Rev. Hensy Soahes, M.A. 
vols. Svo. 48s. cloth. 
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MURK— A CRITICAL HISTORY OF THE LANGUAGE ANE 

LITERATURE OF ANCIENT GREECE. By Wm. Muhb, SS.P., of CaldireU. 3 vob, 8vo. 
368. doth. 

MURRAY.— ENCYCLOFMEI A OF GEOGRAPHY; 

Comprising: 8 complete Description of the Earth: exhibiting its Relation to the Heavenly 
Bodies, its Physical Structure, the Natural History of each Country, and the Industry, 
Commerce, Political Institutions, and Civil and Social State of all Nations. By Hugh 
Murray, F.R.S.E. : assisted by other Writers of eminence. Second Edition ; with 83 Maps, 
and upwards of 1,(XK) other Woodcuts, 8vo. doth. 

NEALE.— THE RICHES THAT BRING NO SORROW. 

By the Rev. Erskine Neale, M.A., Rector of Kirton, Suffolk ; Author of ‘*Tbe Closing 
Scene,’’ &c. Fcp. 8vo. 6s. cloth. 

The excellent object of Uiis little work u to shew how worUiIess riches are as a means even of temporal happiness, 
when not used by their possessor as a trustee only for the good of his poorer and less fortunate brethren. This moral is 
worked out bv strong contrasting sketches, such as Wood, of Gloucester, as contrasted with Hecbenugton, the blind man’s 
hope; Lord Hertford, the sensualist, and Bryan Blundell, the friend of the merehant seamen at Lirerpool; Morgan 
Jones, the miser curate of Llandovery, and Bancroft, the benefactor of tlie aged. The work is replete with curious and 
instructive anecdotes, and is as pleasant to read as profitable to think on.” Bkitammia. 

NEALE.— THE EARTHLY RESTING PLACES OF THE JUST. 

By the Rev. Erskine Neale, M.A., Rector of Kirtoo, Suffolk; Author of “The Closing 
Scene,” &c. With Wood Engravings. Fcp. 8vo. 7s. cloth. 

NEALE.— THE CLOSING SCENE; 

Or, Cbristianitv and Infidelity contrasted in the Last Hours of Remarkable Persons. By 
the Rev. Erskine Neale, M. A., Rector of Kirton, Suffolk. New Editions of the First and 
Second Series. 2 vols. fcp. 8vo. 128. cloth; or separately, 6s. each. 

NEWMAN.— DISCOURSES AHDRESSED TO MIXED CON 

GREGATIONS, By John Henry Nb an. Priest of the Oratory of St, Philip Neri. 
Second Edition. 8vo. 12s. cloth. 

LIEUTENANT OSBORN’S ARCTIC JOURNAL. 

Stray Leaves from au Arctic Journal. By Ueut Sherard Osborn, B.N., Commanding 
H.M.S.V. Pioneer in the late Expedition, ISSO-Sl, under Capt. Austin, to rescue Sir John 
Franklin. With Map and Four coloured Plates. Post 8vo. [Nearly ready, 

OWEN JONES.— WINGED THOUGHTS: 

A Series of Poems. By Mary Anne Bacon. With Illustrations of Birds, designed by 
£. L. Batoiian,aDd executed in Illuminated Printing by Owen Jones. Uniform with Flowers 
and th^r Kindred Thoughts and Fruits from the Garden and the Field, Imperial 8vo. 
318. 6d. elegantly bound in calf. 

OWEN JONES. — FLOWERS AND THEIR KINDRED 

THOUGHTS: A Series of Stanzas. By Mart Anne Bacon, Authoresa of “Hinged 
Thoughts.” Witli beautiful Illustrations of Flowers, designed and printed in Colours by 
Owen Jones. Uniform with Fruits from the Garden and the Field, Imperial 8vo. 3l8. 6d. 
elegantly bound in calf. 

OWEN JONES.— FRUITS FROM THE GARDEN AND THE 

FIELD. A Series of Stanzas. By Maby As se Bacon, Authoress of “ Winged Thoughts.” 
With beautiful Illustrations of Emit, designed and printed in Coionn by Owen Jonea. 
tTniform with FtoKcrt and their Kindred Thought,. Imperial 8to. 31s. 6d. el^^tly bound 
in calf. 
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NEW WORKS AND NEW EDITIONS 


OWEN.—LECTURUS ON THE COMPARATIVE ANATOMY 

tnd PHYSIOLOGY of the'iNVERTEBRATE ANIMALS, deUvered at the Soyal College 
of Surgeons in 1843. By Richard Owen, F.R.S. Hunterian Professor to the College. New 
Edition, corrected. 8vo. withWood Engravings. [JVearfy ready. 


OWEN. — LECTURES ON THE COMPARATIVE ANATOMY 

and PHYSIOLOGY of the VERTEBRATE ANIMALS, deUTered at the Royal CoUege of 
Surgeons in 1844 and 1846. By Richard Owen, F.R.S. Hunterian Professor to the CoUege. 
{n 3 vols. The First Volume; with nuineroiis Woodcuts. 8vo. IM. cloth. 


PASCAL'S ENTIRE WORKS, TRANSLATEB BY PEARCE. 

The COMPLETE WORKS of BLAISE PASCAL: With M. Villemain’s Essay on Pascal con- 
sidered as a Writer and Moralist prefixed to the Proetnetof Letters; and the Miscellaneous 
Writings^ Thoughts on Religion^ and Boidences of Christianity re-arranged, with large 
Additions, from the French Edition of Mons. P. Faug^re. Newly Translated from the French, 
with Memoir, Introductions to the various Works, Editorial Notes, and Appendices, by 
George Pearce, Esq. 3 vols. post 8vo. with Portrait, 25s. 6d. cloth. 

The Three Volumes may be had separately, as follows -. — 

Vol. I.— PASCAL’S PROVINCIAL LETTERS; with M. Villemain’s Essay on Pascal pre- 
fixed, and a new Mentmr. Post 8vo. Portrait, 6s. 6d. 

Vol. II.— PASCAL’S THOUGHTS on RELIGION and EVIDENCES of CHRISTIANITY, 
with Additions, from Original MSS. : from M. Faug^re’s Edition. Post 8vo. 8s. 6d. 

Vol. ni,— PASCAL’S MISCELLANEOUS WRITINGS, Correspondence, Detached Thoughts, 
&c. : frx)m M. Faug^re’s Edition. Post 8vd. 8s. 6d. 


P ASHLEY. —PAUPERISM AND POOR-LAWS. 

By Robert Pashlbt, M.A., F.C.P.S., One of Her Majesty’s Counsel, and late Fellow of 
Trinity College, Cambridge ; Author Travels in Crete.” 8vo. Half-a-Guinea, cloth. 

PEREIRA.— A TREATISE ON FOOD AND MET: 

With Observations on the Dietetica! R^men snited for Disonlered States of the Digestive 
Oi^ns ; and an Account of the Dietaries of some of the principal MetrojKiUtan and other 
Establishments for Paupers, Lunatics, Criminals, Children, the Sick, &c. By Jon. Pereira, 
M.D. F.R.S. & L.S. Author of “Elements of Materia Medica.” 8vo. 16s. cloth. 

PESCHEL.— ELEMENTS OF PHYSICS. 

By C. F. Peschel, Principal of the Royal Military College, Dresden. IVnnslated from the 
German, with Notes, by £. West. With Diagrams and Woodcuts. 3 vols. fcp. 8vo. 21s. cloth. 

( tat 1. The Physics of Ponderable Bodies. Fcp. Fro. 7s. fid. ch^h. 

Put 3. Impoad^uble Bodies (Light, Bfeat, Magnetism, Electricity, and 
Eiectro-DynamicB). 2 vols. fcp. 6vo. 13s. 6d. cloth. 

PHILLIPS.— FIGURES AND DESCRIPTIONS OF THE PALM- 

OZOIC FOSSILS of CORNWALL, DEVON, and WEST SOMERSET; observed in 
Ue conrse of the Ordnance Geological Sorvey of that District. By John Phillifs, F.R.S. 
F.(LS.&c. PiABihed by Order of the Lords Commissioners of H.M. Treasury. Svo. with 
60 Plates, comprising very nnmerons figures, 93. cloth. I 


PORTLOCK— REPORT ON THE GEOLOGY OF THE COUNTY 

of IX^NDONDERRT, and Df Parts of Tyrone and Fermanagh, examined and described under 
tiie Anftority of the Master-General and Board of Ordnance. By J. £. Portlock, F.R.S. 
&C. Svo. with 48 Plates, 24s. cloth. 
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POWm.SKETCHES IN NEW' ZEALAND, 

witb Pen and Pencil. By W. Tyrons Powbr, D.A.C>6. ’ From a Joornal kept in that 
Country, from July 1846 to June 1843. With 8 Plates and 2 Woodcuts, from Drawings made 
on the spot. Post 8vo. 12s. cloth. 

PULMAN. — TSE VADE-MECUM OF FLY-FISHING FOB 

TROUT : being a complete Practical Treatise on that Branch of the Art of Angling ; with plain 
and copious Instructions for the Manufacture of Artificial Pli^. ByG. P. R. Pulman, Author 
of “The Book of theAxe.** Third Edition, re>written and greatly enla^l^ ; with sereral 
y Woodcuts. Fcp. 8vo. 6s. cloth. 

PTCBOFT.—A COURSE OF ENGLISH READING, 

Adapted to every Taste and Capacity: with Literary Anecdotes. By the Rev. Jambs 
Pycroft, B.A. Author of “The Collegian’s Guide,** 8tc. New Edition. Fcp. 8vo. 5s. cloth. 

DR. REECE’S MEDICAL GUIDE; 

For the Use of the Clergy, Heads of Families, Schools, and Junior Medical Practitioners; 
comprising a comjdete Modem Dispensatory, and a Practical Treatise on the distinguishing 
Symptoms, Causes, Prevention, Cure, and Palliatiou of the Diseases incident to the Human 
Frame. With the latest Discoveries in the dififerent departments of the Healing Art, Materia 
Medica, &c. Seventeenth Edition, with considerable Additions ; revised and corrected 
by the Author’s Son, Dr. Hbn ry Rbece, M.R.C S. &c. 8vo. 12s. cloth. 

RICH— THE ILLUSTRATED COMPANION TO THE LATIN 

DICTTIONARY AND GREEK LEXICON: forming a Glossary of all the Words representing 
Visible Objects connected with the Arts, Manufactures, and Every-day Life of the Ancients. 
With Representations of nearly Two Thousand Objects from the Antique. By Anthony 
Rich, Juq. B.A. late of Caius College, Cambridge. Post 8vo. with about 2,000 Woodcata, 
21s. cloth. 

ARCTIC SEARCHING EXPEDITION— A JOURNAL OF A 

Boat Voy^e through Rupert’s Laud and the Arctic Sea, in Search of the Discovery Ships 
under Command of Sir John Franklin. With an Appendix on the Physical Geography of 
North Amffica. By Sir John Richardson, M.D., F.R.S., &c., Inspector of Hospitals and 
Fleets Published by Authority of the Admiralty. With a coloured Map, several Plates 
printed in Colours, and Woodcuts. 2 vols. 8vo. Sis. 6d. cloth. 

“ Valoable alike to the scientific stadent or the fdtore wanderer ot-er these wild plains, and the lonely aettier whom 
European enterprise may locate amotig these far distant tnbes. It is a book to study rather thy, to read : and yet §• 
attractive in its style, and so instmctiTe in its collation of facts, that nuny will be led to its study as a work of science 
whilst merely engaged m its perusal as a book of traveis ” BarzaiiMrA. 


RIDDLE. -A COPIOUS AND CRITICAL LATIN-ENGLISH 

LEXICON, founded on the German-Latin Dictionaries of Dr. William Freimd, By the Rer. 
J. £. Riddle, M.A. of St. Edmund’s Hall, Oxford. Uniform with Yonge^w Enplvth Gteeh 
Lexicon^ New Edition. Post 4to. £2, 10s. cloth. 


RIDDLE.- A COMPLETE LATIN-ENGLISH AND ENGLISH- 

LATIN DICTIONARY, for the use of Collies and Schools. By the Rer. J. £. Riddlb, M.A. 
of St. Edmund Hall, Oxford. New Edition, revised and corrected. 8vo. Sis. 6d. doth. 


Separately ^ 


The Englisb-Latin Dictionary, lOs. 6d. cloth. 
The LatiU'Englisb Dictfonary, 21 s. doth.* 


RIDDLE.— A DIAMOND LATIN-ENGLISH DICTIONARY. 

For the Waietcost-pocket. A Guide to the Meaning:, Quality, and right Accentuation of 
Latin Cliusical Words. By the Ber. i. E. RissiJi, M.A. New Edition. Boyal 32mo. 
* 3 . bound 
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RIDDLE AND FREUNIIS NEW LATIN DICTIONARY. 

A Co]HOQ8 Latin«En^isli Dictionary ; Founded on Andrews’s Translation of Freund’s larger 
Latin>Gmnan Dictionary : WltKl^finprovements and Additions. By the Rev. J. E. Riddlb> « 
M.A., and Dr. W. Freuxd. {Jn prep€tration. 

*** The American Latin-English Dictionary by Dr. Andrews is a tran lation of the Latin Die* 
tionary of Dr. Freund, who is now resident in London, and is occupied, in conjunction with 
Mr. Riddle, in making a thorough revision of his valuable work, with important additions, in 
Older fully to meet the want^of our colleges and schools, and to give to our more mature 
scholars those aids which they are entitled to receive in the present advanced stage of philo> 
logical research. Eighteen years have elapsed since Dr. Freund published a large portion of ^ 
the Dictionary which Dr. Andrews has translated. During a great part of that interval, Dr. 
Freund has been actively engaged in pioparing a secood edition of his elaborate work, which 
will shortly be published in Germany ; and in the course of this undertaking, he has employed 
materia of which, to say the least, no nse has been made by Dr. Andrews. The present work 
will therefore present to the English student extensive results of modern criticism, which have 
not hitherto been collected in any single volume. 

RIVERS.— TEE ROSE- AMATEUE S GUIDE; 

Containing ample Descriptions of all the fine leading varieties of Roses, regularly climsed in 
their respectivo Families ; their History and mode of Culture. By T. Rivers, Jnn. New 
Edition, corrected and improved. Fcp. 8vo. 6s. cloth. 

ROBINSON’S LEXICON TO THE GREEK TESTAMENT. 

A GREEK and ENGLISH LEiaCON of the NEW TESTAMENT. By Edward Robinson, 
D.D., LL.D., Professor of Biblical Literature in the Union Theological Seminary, New York ; 
Author of ** Biblical Researches in I^lestine,” ficc. A New Edition, revised and in great 
part re-written. 8vo. ISs. cloth. 

ROGERS.— ESSAYS SELECTED FROM CONTRIBUTIONS TO 

the EDINBURGH REVIEW. By Henry Rogers. 2 toIb. 8to. 24s. cloth. 

ROGERS S VEGETABLE CULTIVATOR ; 

Containing a plain and accurate Description of every species and variety of Cnlinary Vege- 
tables : With the most approved Modes of Cultivating and Cooking them. New and Cheaper 
Edition. Fcp. Svo. Ss. doth. 

ROGET— THESAURUS OF ENGLISH WORDS AND PHRASES. 

Classified and arranged, so as to facilitate the Expression of Ideas, and assist in Literary Com- 
pt^tion. By P. M. Roget, M.D. F.R S, F.G.S. F.R.A.S. F.S.A., &c. ; Author of the“ Bridge- 
water Treatise on Animal aod Vegetable Physiology,” &c. Bvo. [JVeorfjf readjf, 

RONALDS.— THE FLY-HSHEES ENTOMOLOGY. 

Illustrated by coloured Representations of the Natural and Artificml Insect; and accom- 
panied by a few Ol^rvations and Instructions relative to Trout and Grayling Fishing. By 
Alvred Ronalds. 4th Edition, corrected ; with Twenty Copperplates. Svo. Us. cloth. 

ROVINGS IN THE PACIFIC, FROM 1837 TO 1849 ; 

With a GLANCE at CALIFORNIA. By A Merchant long resident at Tahiti. With 
Four UlostratioDS printed in oilours. 3 vols. post Svo. 21s. cloth. 

ROWTON.—THE DEBATER-, 

Bcisga Sai»<tf complete Debates, Outlines of Debates, and Questums for Disepssion ; with 
ample References to the best Soorces of Information on each particniar Topic. By Fbedbrxc 
Rowton, Author of“The Female Poets ofGreat Britain.” New Edition. Fcp. 8 to. 6s. cloth. 
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SCHOMBERG.—TIIE THEOCRATIC PHILOSOPHY OF ENG- 

LISH HISTORY. Being: an attempt to impress upon History its True Genius and Real Cl*a- 
racter; and to represent it not as a Disjointed Series o/ fliets, but as one Grand Wliule. By 
( the Rev. J. D. Schomberg, B.A. of Corpus Christi Colleg-e, Cambridg^e. 2 foIs* 8vo. 21s. clotii. 
i 

SE AW ARP. —SIR EPWARP SEAWARHS NARRATIVE OF 

HIS SHIPWRECK, and consequent Discovery of certain Islands in the Caribbean Sea : with 
a detail of many extraordinary and hig’hly interesting Events in his Life, from 1733 to 1 749, as 
written in his own Diary. Edited by Miss Jane Porter. Third Edition; with a New Nau< 
tical and Geog^raphical Introduction. 2 vols. post 8vo. 21 b. cloth. 


SEWELL.— AMY HERBERT. 

By a I,.ADY. Edited by the Rev. William Sewell, B.D. Fellow and Tutor of Exeter 
College, Oxford. New Edition. 2 vols. fcp. 8vo. 9s. cloth. 

SEWELL.— THE EARL’S LAUGHTER. 

By the Authoress of “Amy Herbert.” Edited by the Rev. William Sewell, B.D. Fellow 
and Tutor of Exeter College, Oxford. 2 vols. fcp. 8to. 9 b. cloth. 

SEWELL. — GERTR ULE. 

A Tale. By the Authoress of “ Amy Herbert.” Edited by the Rev. William Sewell, B.D. 

{ Fellow and Tutor of Exeter College, Oxford. New Edition. 2 vols. fcp. 8vo. 98. cloth. 

! SEWELL.— LANETON PARSONAGE; 

1 A Tale for Children, on the Practical Use of a portion of the Church Catechism. By the 

‘ Authoress or “Amy Herbert.” Edited by the Rev. W. Sewell, B.D. Fellow and Tutor of 

' Exeter College, Oxford. New Edition. 3 vols. fcp. 8vo. 16s. cioth. 

I SEWELL.— MARGARET PERCIVAL. 

I By the Authoress of “Amy Herbert.” Edited by the Rev. W. Sewell, B.D. Fellow and Tutor 
of Exeter College, Oxford. New Edition. 2 vols. fcp. Svo. 125. cloth. 

I SHAKSPEARE, BY BOWLLER. 

THE FAMILY SHAKSPEARE; in which nothing is odded to the Original Text ; but those 
words and expressioDsare omitted which cannot with propriety be readaloud. By T Bowdler, 
Esq.F.B.S. New Edition; with 36 Engravings on Wood, from designs by Smirke, Howard, 
and other Artists. Svo. 218. cloth; or, in 8 vols. Svo. without Illustrations, L4s. 6d. boards. 

SHARP’S NEW BRITISH GAZETTEER. 

A NEW GAZETTEER, or TOPOGRAPHICAL DICTIONARY of the BRITISH ISLANDS 
and NARROW SEAS : Comprising concise Descriptions of about Sixty Thousand Places, 
Seats, Natural Features, and Objects of Note, founded on the best Authorities; full Parti- 
culars of the Boundaries, Registered Electors, &c. of the Parliamentary Boroughs ; with a 
reference under every Name to the Sheet of the Ordnance Survey, as far as completed ; and 
an Appendix, containing a General View of the Resources of the United Kingdom, a Short 
Chronology, and an Abstract of certain Results of the Census of 1851. By James A. Sharp, 
Esq. 2 vols. Svo. £1, 16s. cloth. 

Sharp’s BidfisA Gazetteer is also in course of publication in Twenty-two Monthly Parts, 
price Haif.a-Crowo each. 
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SHEPEEBB.—THE BISTORT OF THE CHURCH OF ROME, 

to the End of the Episcopate of Damsus, a.d. 384. By Edward John Shepherd, M.A. 
Rector of JLiiddesdown. 8vo. Us. cloth. 

SHORT WHIST; ] 

Its Rise, Progress,and Laws; with Observations to make anyoneaWhist Player; containing 
also the Laws of Piquet, Cassino, Ecart^, Cribbage, Backgammon. By Major A * * * * *. 
NewEdition. To which are added. Precepts for Tyros. By Mrs. B****. Fcp.Svo. 3s cloth. 

SINCLAIR.— POPISH LEGENDS OR BIBLE TRUTHS. 

By Catherine Sinclair, Author of “ The Journey of Life,” &c. Dedicated to her Nieces. 
2 vols. fcap 8vo. 68. cloth. 

SINCLAIR.— THE JOURNEY OF LIFE. 

By Catherine Sinclair, Author of “ The Business of Life,’* “ Modem Society,” “ Jane 
Bouvene,” &c. New Edition, corrected and enlarged. Fcp. 8vo. Ss. cloth. 

i SIR ROGER BE COVERLET. 

! From The Spectator. With Notes and lUnstrations, by W. Henry Wills; and Twelve 

i fine Wood Engravings, by John Thompson, from Designs by Frederick Taylbb. Crown 

I 8vo. 15s. boards ; or 27s. bound in morocco by Hayday. 


I SMEE.— ELEMENTS OF ELECTRO METALLURGY. 

I By Alfred Suee, F.R S., Surgeon to the Bank of England. Third Edition, revised, cor- 
I rected, and considerably enlarged; with Electrotypes and numerous Woodcuts. Postavo. 

' 10s. fid. cloth. 

I SMITH.— THE WORKS OP THE REV. SYDNEY SMITH: 

Including his Contributions to The Edinburgh Review. New Edition, complete in One 
Volume ; with Portrait by E. U. Eddis, eugraved in line by W, Greatbach, and View of 
Combe Rorey Rectory, Somerset. Square crown 8vo, 218. clotb ; 30s. calf extra, by Hayday. 
—Or in 3 vols. 8vo. with Portrait, 36s. clotb. 

' SMITH— ELEMENTARY SKETCHES OF MORAL PHILO- 

SOPHY, delivered at the Royal Institution in the Tears 1804, 1805, and 1806. By the late 
Rev. Sydney Smith, M.A. With an Introductory Letter to Mrs. Sydney Smith from the 
late Lord Jeffrey. Second Edition. 8vo. 12s. clotb. 

SMITH.— THE VOYAGE AND SHIPWRECK OF ST. PAUL.: 

with Dissertations on the Sources of the Writings of St. Luke, and the Ships and Navigation 
of the Antients. By James Smith, Esq. of Jordan Hill, F.R.S. With Views, Charts, 
and Woodcuts. 8vo. I4s. cloth. 

SMITH.— TASSO’S JERUSALEM DELIVERED. 

Translated, in the Metre of the Original, by the Rev. Charles Lbsingram Smith, M.A. 
late Fellow and Mathematical Lecturer of Christ’s Collie, Cambridge. 2 vols. fcp. 8vo. 
12s. cloth. 

SNOW.— VOYAGE OF THE PRINCE ALBERT IN SEARCH OF 

SIR JOHN FRANKLIN : A Narrative of Every-day life in the Arctic Seas. By W. Parker 
Snow. With a Chart, and 4 Illustrations printed in Colours. Post 8vo. 12s. cloth. 

THE LIFE AND CORRESPONDENCE OP THE LATE ROBERT 

SOUTHEY. Edited by bis Son, the Kev. Charles Cdthbert Southey, M.A. , Vicar of 
Ardleigh. With nomerons Portraits, and Six Landscape lUnstrations from Designs by 
WUliam Westall, A.R.A. 6 vols. post 8vo. 63s. clotb. 

\ Each of the Six Volumes may be had separately, price Half-a-Guinea. 
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SOUTHEY S THE DOCTOR dc. COMPLETE IN ONE VOLUME. 

The DOCTOR &c. ’By the late Robbbt Soitthet. Complete in One Volume. Edited by 
Mr. Southey’s Son-in-Law, the Rev. John Wood Wakter, B.D. With Portrait, Vi^ette, 
f Bust of the Author, and coloured Plate. New ‘Edition. Square crown 8vo. 21s. cloth. 

'SOJJTEBT’S COMMONPLACE BOOKS. 

The COMMONPLACE BOOKS of the late ROBERT SOUTHEY. Comprising— 1. Choice 
I^ssa^es: with Collections for the History of Manners and Literature in England; 2. Special 
Collections on various Historical and Theological Subjects ; 3. Analytical Readings in various 
branches of Literature ; and 4. Original Memoranda, Literary and Miscellaneous. Edited 
by Mr. Southey’s Son-ia-Law, the Rev. J. W. Warter, B.D. 4 vols. square cr. 8vo. £3. 18s. cl. 

Each Series of Southey’s Commonplace Books for/ns a distinct Volume, complete in 
itself, and may be had separately as follows : — 

FIRST SERIES — CHOICE PASSAGES, &c. 2d Edition ; with medallion Portrait. Price IBs. 
SECOND SERIES— SPECIAL COLLECTIONS. 188. 

THIRD SERIES— ANALYTICAL READINGS. 2l8. 

FOURTH SERIES— ORIGINAL MEMORANDA. &c. 218. 

ROBERT SOUTHEY’S COMPLETE POETICAL WORKS; 

Containing all the Author’s last Introductions and Notes. Complete in One Volume, with 
Portrait and View of the Poet’s Residence at Keswick ; uniform with Lord Byron’s and 
Moore’s Poems. Medium 8vo. 21s. cloth ; 42s. bound In morocco. — Or, in 10 vols. fcp. svo. 
with Portrait and 19 Plates, £"1, 10 s. cloth ; morocco, £\. 10s. 

SOUTHEY.— SELECT WORKS OF THE BRITISH POETS, 

From Chaucer to Lovelace, inclusive. With Biographical Sketches b; the late Robert 
S ouTHET. Medium Svo. 30s. cloth. 


SOUTHEY.— THE LIFE OF WESLEY; 

And Rise and Progress of Methodism. By Robert Southey. New Edition, with Notes by 
the late Samuel Taylor Coleridge, Esq., and Remarks on the Life and Character of John 
Wesley, by the late Alexander Knox, Esq. Edited by the Author’s Son, the Rev. Charles 
C uTBBEBT South BT, M.A. Vicar of Ardleigb. 2 vols. Svo. with 2 Portraits, 28s. cloth. 

Sq UIER.—NICARA G UA ; 

Its People, Scenery, Monuments, and the proposed Interoceanic Canal. By E, G. Squ tbr, 
late Charge d’ Affaires of the United States to the Republics of Central America. With N ine 
Original Maps, Twenty-five Plates printed in colours, and numerous Woodcut Illustrations. 
2 vols. royal 8vo. 31s. fid. cloth. 

** A* a description of the district of Central America to which it refers, the present worV is entitled to take rank in the 
highest class of geographical, ethnological, and antiquarian literature.’' Boll. 

‘*Man7 causes are combining to gire great importance to the States of Central America Their own fertility and 
natural advantages, the commerce of the Pacific, and the gold of California, unite to attract the earnest attention of 
enterprising men and politicians towards them.” Lixsasai Gxz£m. 

STEEL’S SHIPMASTEES ASSISTANT; 

Compiled for the use of Merchants, Owners and Masters of Ships, Officers of Customs, and all 
Persons connected with 3hipping or Commerce : containing the Law and Local Regulations 
affecting the Ownership, Charge, and Management of Ships and their Cargoes ; together with 
Notices of other Matters, and all necessary Information for Mariners. New Edition, rewritten 
throughout. Edited by Graham Willmore, Esq. M.A. Barrister-at-Law; George 
Clements, of the Customs, I/mdon; and William Tate, Authorof “The Modem Cambist.’ 
Svo. 288. cloth ; or 29s. bound. 

STEPHEN— LECTURES ON THE HISTORY OF FRANCE. 

By the Bight Hon. Sir James Stephen, K.C.B. LL.D., Professor of Modern History in the 
University of Cambridge. 2 vols. Svo. 24s. cloth. 
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NEW WORKS AND NEW EDITIONS 


STEPEm.— ESSAYS IN ECCLESIASTICAE BIOGBAPHT. 

From The Edinburgh Review. By the Right Honourable Sir James Stephen, K.C.B. LL.D. 
Professor of Modem History in the University of Cambridge. Second Edition. 2 vols. 8vo. 
24S. cloth; 

STOW.— THE TRAINING SYSTEM, THE MORAE TRAINING 


I 


SCHOOL, and the NORMAL SEMINARY. By David Stow, Esq. Honorary Secretary to 
the Glasgow Normal Free Seminary ; Author of “ Moral Training,** &c. 8th Edition, cor- 
rected and enlarged ; with Plates and Woodcuts. Post 8vo. 6s. cloth. 


SWAIN— ENGLISH MELOHIES. 

By Charles Swain, Author bf ** The Mind, and other Poems.” Fcp. 8vo. 6s. cloth ; bound 
in morocco, 12s. 


SYMONS.— THE MERCANTILE MARINE LAW. 

By Edward William Symons, Chief Clerk of the Thames Police Court. 5th Edition, in- 
clading the Act passed in 1851 to amend the Mercantile Marine Act of 1850, and the provisions 
of the New Act relating to the Merchant Seainen*8 Fund. 12mo. 5 b. cloth. 

TATE. -EXERCISES ON MECHANICS ANH NATURAL PHI- 

LOSOPHY ; or, an Easy Introduction to Engineering. Containing various Applications of 
the Principle of Work : the Theory of the Steam-Engine, with Simple Machines Theorems 
and Problems on Accumulated Woik, &c. New Edition. 12mo. 2s. cloth. 


TATE.— KEY TO TATE’S EXERCISES ON MECHANICS ANH 

NATURAL PHILOSOPHY. Containing fall Solutions of all the unworked Examples aud 
Problems. 12mo. with Diagrams, 6d. cloth. 

** Tht$ little Tolame ie, like all that Mr Tate does, remarkable for it« Incid arrangement, and the happ; irajr in which 
a ptactical bearing is given to the »ubjects It containo neat and excellent solntiuns to ail the nnsolvei questions in his 
JSrercue* ON JfecMMtes, as welLas to some very iBstroctivv additional problems; and it will be found invaluable to the 
unassisted student, aa well as to the teacher whose time is of importance.” Jodrnxi. or Education. 

u y. Sn-iV — T'>r t- * j.— .v., r.f mechanical principle, whether belonging 

'■* 'If* .•;« • %<•! ’’ '' engmeermg operations ; and m order that 

*' ■ I'.. D,!.* . . , i. > 4 * . :• •• I t i> ’ »• examples, the solutions of which are given 

I s ‘ • .1 , ' K 'A t ’ . f, . . M * I * • • ■ I ibe greatest assistance, and the number of 

examples worked will serve to make the calculations perfectly obvious.” Moamiko Adtsatiseb. 


I TATE.— ON THE STRENGTH OF MATERIALS; 

Containing various original and useful Formulae, specially applied to Tubular Bridges, Wrought 
Iron and Cast Iron Beams, &c. By Thomas Tate, of KnellerTrainingColl^, Twickenham ; 
late Mathematical Professor and I^ecturer on Chemistry in the National Society’s Training 
Collie, Battersea ; Author of Ex^cises on Mechanics and Natural Philosopliy.” 8 to. 
6s. 6d. cloth. 


TAYLER.— MARGARET ; 

Or, the Pearl. By the Rev. Charles B.Tatijir,BCA. Rector of St. Peter’s, Chester, Author 
of Lady Mary, or Not of the World,” &c. New Edition. Fcp. 8vo. 6a. cloth. 


TAYLER.— LAHY MARY; 

Or, Not of tlie World. By the Key. Chables B. TAytEB, Rector of St. Peter’s, Chester; 
Aathor of “ Margaret, or the Pearl,” &c. New Edition ; with a Frontispiece engrayed by J. 
Absolon. Fcp. 8vo. 6s. 6d. cloth. 


TAYLOR.— LOYOLA : ANH JESUITISM IN ITS RUHIMENTS. 

By Isaac Taylor, Author of ** Natural History of Enthusiasm,” &c. Post Svo. lOs, 6d. cloth. 
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TAYLOR.— WESLEY ANB METH0BIS3L 

By Isaac Taylor, Author of “Natural History of Enthusiasm,” &c. With a Portrait of 
Wesley, engraved by W. Greatbach. Post 8 to. Hal -a-Gninea, cloth. 

This Tolume wiil be acceptable to the public on many grotmds. It will please the reli^ons by its respect for reHgion 
and tiie literary by the force of its style. It will nut displease the Chorchman by any Tinlen(% of Tiew, nor the Sectary 
by any bitterness of langoage. On the whole, it will perhaps be most welcomed by the philosopher, for its attempt to 
reconci’'- ft v.„i ^ r.. — nj,. J_ .U. U somethiM 

in thes- j. , ■ . « fc p . •• • - . , a: L . i e will be in 

the ban . : ' ■ ■ p ■ . ' p . . . ■ • • • . . i 1 p tp ■ « p. , ■ V '.p ,i .traded by 

strong s. pj; I ss. u a • Ji.: it t. ‘ .‘i: iiL iw • 

. SniTAMRXL. 

THIRLWALL.—THE HISTORY -OF GREECE. 

By the Right Rev. the Lord Bishop of Sr. David’s (the Rev. Connop Xhirlwall}. An 
improved Library Edition ; with Maps. 8 vols. 8vo. 168. cloth. 

Also, an Edition in 8 vols. fcp. 8vo. with Vignette Titles, jTl. 8s. cloth. 


A HISTORY OF GREECE, FROM THE EARLIEST TIMES 

to the TAKING of CORINTH br the ROMANS, b.c. 146, mainly based upon Bishop 
Thirlwall’a History of Greece. By Dr. Leonhard Schmitz, F.R.S.E., Rector of the High 
School of Edinburgh. Second Edition. 12mo. Ts. 6d. cloth. 

THOMSON’S SEASONS. 

Edited by Bolton Cornet, Esq. Illustrated with Seyenty-seven Designs drawn on Wood 
by Members of the Etching Club. Engraved by Thompson and other eminent Engravers. 
Uniform with GotdamithU Poems illustrated by the Biching Club» Square crown 8to. 21s. 
cloth ; or, bound in morocco by Hayday, 36s. 

THOMSON— TABLES OF INTEREST, 

At Three, Four, Four*and>a-Half, and Five per Cent., from One Pound to Ten Thousand, and 
from One to Three Hundred and Sixty^five Days, in a regular progression of single Days; 
with Interest at all the above Rates, from One to Twelve Months, and from One to Ten Years. 
Also, numerous other Tables of Exchanges, Time, and Discounts. By John Thomson, 
Accountant. New Edition. 12mo. 8s. bound. 


THOMSON— SCHOOL CHEMISTRY; 

Or, Fnurtical Rudiments of the Science. By Robert Dundas Thomson, M.D. Master in 
Surgery in the University of Glasgow. Fcp. 8to. with Woodcuts, 78. cloth. 

THE THUMB BIBLE; 

Or, Verbum Sempitemum. By J. Taylor. Being an Epitome of the Old and New Testa* 
ments in English Verse. A New Edition, printed from the Edition of 1693, by C. Whit* 
tingham, Chiswick. 6imo. Is. 6d. bound and clasped. 


TOMLINE.— AN INTROBUCTION TO THE STUBY OF THE 

BIBLE: containing Proofs of the Antiienticity and Inspiration of the Holy Scriptnres; 
a Summary of the History of the Jews ; an Acconnt of the Jewish Sects ; and a brief 
Statement of the Contents of the several Bwks of the Old and New Testaments. By George 
Tomline, D.D. F.R.S. New Edition. Fcp. 8vo. 5s. 6d. cloth. 


TOOKE.—THE HISTORY OF PRICES: 

With reference to the Causes of their principal Variations, from the year 1792 to the year 
1847, inclusive. With a Sketch of the History of the Com Trade in the last Two Centuries ; 
a general Review of the Currency Question ; and Remarks on the Operation of the Acts 7 and 
8 Victoria, c. 32. By Thomas Tooke, Esq. F.R.S. 4 vols. 6vo. sBi. 6s. cloth. 
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NEW WOEKS AND N.EW EDITIONS 


TOWNSmi).— MODERN STATE TRIADS. 

Revised asd illustrated with Essays and Notes. By William Csables Townsend, Esq. 
M.A.,Q.C.» late Recorder of Macclesfield; Author of ” Lives of Twelve Eminent Judges of 
the Last and of the Present Century,” &c. 2 vols. 8vo. 30s. cloth. 

TOWNSEND.— TEE LIVES OF TWELVE EMINENT JUDGES 

of the LAST and of the PRESENT CENTDRY* By W. Charles Townsend, Esq. M.A. Q.C. 
late Recorder of Maeelesheld ; Author of ** Memoirs of the House of Commons.” 2 vols. 
8vo. 28s. cloth. 

TURNER.— THE SACRED HISTORY OF THE WORLD, 

Attempted to be Philosophically considered, in a Series of Letters to a .Son. By Shabon 
Turner, F.S.A. and R.A.S.L. New Edition, edited by the Rev. Sydney Turner. 3 vols. 
post 8vo. 3ls. 6d. cloth. 

TURNER.— THE HISTORY OF THE ANGLO-SAXONS, 

From the Earliest Period to the Norman Conquest. By Sharon Turner, F.S.A. and 
R.A.S.L. The Seventh Edition (1832). 3 vols. Svo. 35s. cloth. 

The text and notes of this edition have been carefully revised, and as many of the Author’s 
later corrections and additions as appeared to have been intended and prepared by him for 
publication have been introduced. 


DR. TURTON’S MANUAL OF THE LAND AND FRESH- 

WATER SHELLS of the BRITISH ISLANDS. A New Edition, thoroughly revised and with 
considerable Additions. By John Edward Gray, Keeper of the Zoological Collection in 
the British Museum. Post Svo. with Woodcuts, and 12 Coloured Plates, 13 b. cloth. 

URE.— DICTIONARY OF ARTS, MANUFACTURES, h MINES; 

Containing a clear Exposition of their Principles and Practice. By Andrew Ure, M.D. 
F.R.S. M.G.S. M.A.S. Lond.; M. Acad. N.L. Philad. ; S. Ph. Soc. N. Germ. Hanov. ; Mulii. 
&c. &c. New Edition, corrected. Svo. with 1,241 Engravings on Wood, 50s, cloth.— Also, 

SUPPLEMENT of RECENT IMPROVEMENTS. . New Edition. Svo. withWoodcuts, 14 b. cloth. 

WATERTON.— ESSAYS ON NATURAL HISTORY, 

Chiefly Ornithology. By Charles Waterton, Esq., Author of “ Wanderings in South 
America.” With an Autobiography of tlm Author, and Views of Walton Hall. New 
Edition. 2 vols. fcp. Svo. 14s. ^ cloth. 

Separately— VoL I. (First Series), Ss. ; Vol. II. (Second Series), 6s. 6d. 


ALARIC WATTS’S POETRY AND FAINTING.— LYRICS OF 

THE HEART, and other Poems, By Alaric A. Watts. FHth Forty-one highly-finished 
line-Engravings, executed expressly for this work by the most eminent Paintei^ and En- 
gravers. 

In One Volume, square crown Svo. price 31s. 6d. boards, or 45s. bound in morocco 
byHayday; Proof Impressions, 63s. b<»rd8. — Plain Proofs, 41 Plates, demy 4to. (only 
100 copies printed) dS^. 2s. in portfolio ; India Proofs before letters, colombier 4to. (only 
50 copies printed), Ss. in portfolio. 

WHEATLEY.— THE ROD AND LINE; 

Or, Fnurticsl Hints and Dainty Derices for the Sure Taking of Trout, Grayling, &c. By 
HBwaTTWHEaTi,ET,Esq. Senior Angler. Fcp. Svo. with Nine coloured Plates, 10s. 6d. cloth. 
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TEE TRAVELLEES LIBRARY 

Pablishmg Monthly, and sold at One Shilling^ each Part, is intended to comprise books of 
finable information and acknowledged merit, in a form adapted for reading while Travelling, 
and at the same time of a character that will render them worthy of preservation ; but the 
price of which has hitherto confined them within a comparatively narrow circle of readers. 

The First Eighteen Parts comprise — ■ 

1. WARREN HASTINGS. By Thomas Babingtox Macahlat. Reprinted 

from Mr. Macaulay’s ** Critical and Historical Essays.” Price One Shilling. 

2. LORD CLIVE. By Thomas Babingtok Macadlay. Reprinted from Mr. 

Macaulay’s “ Critical and Historical Essays.” Price One Shilling. 

Mr. Macaulay’s Two Essays on Warren Hastings and Lord Clive may be 
had in One Volume, 16mo. price Half>a-Crown, cloth. 

3. LONDON IN 1850>51. By J. R, M'Cclloch, Esq. Reprints from Mr, 

McCulloch’s Geographical Dictionary.” Price One Shilling. 

4. SIR ROGER DE COVERLET, From the ** Spectator.’* With Notes and 

Illustrations by W. H. Wills. Price One Shilling. 

5. WILLIA.M PITT, EARL OF CHATHAM. By Thomas Babington 

Macaulay. Price One Shilling. 

6 & 7. Mr. S. LAING’S JOURNAL of a RESIDENCE in NORWAY during 
the Years 1834, 1835, and 1836. Two Parts, price One Shilling each ; or in One Volume, 
16mo. price Half-a<hxiwn, cloth. 

8. “RANKE’S HISTORY of the POPES. "And, “ GLADSTONE on CHURCH 
and STATE.” By Thomas Babino^n Macaulay. Price One Shilling, 

*#* Mr, Macaulay’s Four Essays on William Rtt, Earl of Chatham, ** Ranke’s History 
Of the Popes,” and ** Gladstone on Church and State,” may be bad in One Yolame, 16mo. 
price Half-a>Crown, cloth. 

9 & 10. A LADY’S VOYAGE ROUND the WORLD. A Condensed Translation, 
from the German of Ida Pfeiffer, by Mrs. Percy Sinnbtt. In Two Parts, price One 
Shilling each; or in One Volume, l6mo. price Half-a-Crown, cloth. 

11 & 12. EOTHEN; or. Traces of Travel brought Home from the East. A New 
Edition, in Two Parts, price One Shilling each ; or in One Volume, l6mo. price Half-a^ 
Crown, cloth. 

13. “The LIFE and WRITINGS of ADDISON." And, HORACE WALPOLE. 

By Thomas Babington Macaulay. Pri<^ One Shilling. 

14 & 15. HUC'^S TRAVELS in TARTARY, THIBET, and CHINA. A Con- 
densed Translation, by Mrs. Percy Sinnett. Two Parts, price One Shilling each ; or 
in One Volume, l6mo. price Half*a-Crown, cloth. 

16 & 17. HOLCROFT’S MEMOIRS, written by Himself and continued to his 
Death from his Diary, Notes, and other Papers. Two Parts, price One Shilling each ; 
or, in One Volume, 16mo. price Half-a-Crown, cloth. 

18. LECTURES and ADDRESSES. By the Earl of Carlisle. Price Is. 

To he followed by 

AFRICAN WANDERINGS ; or, an Expedition from Sennaar to Taka, Basa, and 
Beni-Amer: with a particular glance at the Paces of Bellad Sudan. By Ferdinand 
Werne, Anthor of Expedition in Search of Sources of the White NOe.” Translated 
from the German, by J. R. Johnston. Forming Two Parts of the Traveller^e lAbrtiry. 

SKETCHES in CANADA and RAMBLES among the RED MEN. By Mrs. 

Jameson. Forming Two Parts of the TravelUr^t Library, i&no. 
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NEW WORKS AND NEW EDITIONS, 


WEBSTER.— AN ENCTCLOF^BIA OF DOMESTIC ECONOMY ; 

Compri^g such subjects as are most immediately connected witti Housekeeping: as,- The 
ConstnxctioBOfDomMtic Edifices, with the modes of Warming, Ven^ating, and Lighting 
them-'A dracription of the varions articles of Fumitnre, with the nature of their Materials— 
Duties of S^rants, &:c. &c. &c. By Thomas Webster, F.G.S. ; assisted by the late Mrs. 
Parses. New Edition. 8to. with nearly 1,000 Woodcute, 50s. cloth 

LADY WILLOUGHBY’S DIARY. 

So much of the Diary of I^ady Willoughby as relates to her Domestic History, and to the 
Eventfiil Reign of King Charles the First, the Protectorate, and the Restoration ( 1635 to 1663). 
Printed, ornamented, and bound in the style of the i>eriod to which The Diary refers. New 
Edition ; in Two Auts. Square fcp. 8to. 8s. each, boards ; or 18s. each, bound in morocco. 

YOU ATT.— THE HORSE. 

By Wiu.iAif Todatt. With a Treatise of Dranght. A New Edition ; with ntimerons Wood 
Engnviiigs, lirom Designs by William Harvey. 8to. 10s. cloth. 

Messrs. Longman and Co.’s Edition should he ordered. 


YOUATT.—THE DOG. 

By William Touatt. A New Edition; with numerous Wood Engravings, firom Designs 
by William Harvey. 8vo. 6a. cloth. 


*♦* The Aove works, which were prepared nnder the superintendence of the Society for 
the Diffhsion of Knowledge, are now published by Messrs. Longman and Co., by assignment 
from Mr. Charles Knight. It is to 1^ observed that the edition of Mr. Youatt’s book on the 
Horse which Messrs Longman and Co. have pondiased from Mr. Knight, is that which was 
thoroughly revised by the author, and thereby Rendered in many re^ecta a new work. The 
engravings, also, were greatly improved. Both works are the mo^ complete treatises in the 
language on the History, Structure, Diseases, and Management of the Animals of which 
they treat. 

ZINCKE.—SOME THOUGHTS ABOUT THE SCHOOL OF .THE 

FUTURE; Or, a Sketch of the Solution which Time ap];>ears to be preparing for the different 
Educational Questions of the Day. By the Rev. Foster Barham Zincke, Vicar of Wher- 
st^d, near Ipswich. Post 8vo. ‘^s. cloth. 
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comprehensive, and be has tte f^reat merit of sayms mneh in lew words. We have, indeed, seldom met with so much 
impwtant matt, r cond e nsed into so smaQ a space. Almost ever; topic that the consideration at soch a qnestion includes 
is tms^ied npon bv the author, and jet the whole volame contains onlf 33S pages, and of this nomber 76 axe oeenfned by 
an apjiendia, whuin is by no means the least interesting or important part of tte work.” CHUsnAM Tinas. 

ZUMPT8 GRAMMAR OF THE LATIN LANGUAGE. 

Translated and adapted for the use of EngU^ Students, with the Author’s sanction and 
couperation, by Dr. L. Schmitz, F.1LS.B., Rector of tlm High School of Edinbuigh: 
witii copious Corrections and Additions communicated to Dr. Schmitz by Fn^essor ZUM^. 
New Edition, ix^rreeted. 8vo. 14s. cloth. 
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